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PREFACE.
I’h e favourable reception accorded to his treatise on Dock Engineering 

led the author to consider the possibility of supplementing that work by a 

companion volume on the kindred subject of Harbour Engineering.

The principal difficulty lay in making such a treatise complété and self- 

contained without recapitulating a good deal of material which had appeared 

m the earlier book, and which was equally essential in the present instance, 

the two departments of maritime engineering having so mach in common as 

to be generally practised together.

The most acceptable solution which suggested itself consisted in treating 

this common material in a somewhat different way from that previously 

adopted, by presenting fresh points of view, additional features of interest, 

and new illustrations. This plan has been followed, and it is hoped that it 

will meet with approval.

Once more the author has to express his indebtedness to a number of 

personal and professional friends who have rendered him kind and valued 

assistance in the execution of his task; to the writers of papers and to the 

societies who have courteously allowed him to make extracts from the 

varions minutes of proceedings alluded to in the text; and to the editors of 

Engineering and The Engineer for much useful information gleaned from the 

columns of their respective journals.

As in the case of Dock Engineering, every care has been taken in regard 

to the aecuracy of data and statistics, but mistakes are always possible, and 

any intimation of their presence will be gratefully appreciated.

BRYSSON CUNNINGHAM.

Lo n d o n ,
January 1908.
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HARBOUR ENGINEERING.

CHAPTER I.

INTRODUCTORY.

Harbour Engineering and Navigation—Natural and Artificial Harbours—Ancient Sea 

Koutes Phœnician, Egyptian, Grecian, Carthaginian, and Roman Harbours—Mediæval 
nC"T ^ Cln^ue Ports-The Hanseatic League—National Interest in Harbours 

—btate Subvention.

Harbour Engineering - and Navigation.—The history of harbour 

engineering runs concurrently, through corresponding stages from origin to 

development, with the history of navigation. Nor is the fact at all surprising. 

brom the very nature of the case little else could be expected, since the two 

sciences stand to one another in the closest inter-relationship of cause and 
effect. With the appearance on the seas of the first craft calling for the 

exercise of expert seamanship, there arose a need of havens in which it might 

not only find shelter during stress of weather, but also take in and discharge 

its cargoes under suitable conditions. And as vessels gradually increased in 

number, size, and importance, so the need for more spacious accommodation 

became the more pressing, and the demand for larger and better harbours the 

more imperative.

Natural Harbours. Of natural creeks and basins, possessing intrinsi- 

cally all the advantages which a haven of safe anchorage requires, there are 

in the world not a few, and, no doubt, at the outsét they abundantly sufficed 

for the rudimentary necessities of the early mariner. But the accommodation 

afforded was in many cases limited, and, as time elapsed, it became less and 

less compatible with the exigencies of rapidly expanding navies, whether 

engaged in commerce or war. Neither did the situation of these inlets 
always prove convenient, more especially to trading vessels. Some of the 

most commodious of them are to be found far out of the track of well-estab- 
lished lines of communication, and away from the principal routes of over-sea 

trade. And of those which are conveniently accessible, few, if any, have 

realised the ideal of a completely sheltered haven. There has been almost 

invariably some inherent defect to be remedied, some deficiency to be made 

good. Accordingly, even the best of natural harbours have called for

1
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improvement and development, while, in the absence of natural advantages, 

steps have had to be taken to provide by artificial means the requisite degree 

of shelter and protection.

Artificial Harbours.—In every country, therefore, finding itself in the 

possession of a seaboard, and with any pretensions to maritime enterprise, 

there has been formed by degrees a series of artificial or semi-artificial 

enclosures, constructed at first somewhat crudely and informally, but later 

with full application of scientific method and technical skill.

There exists, indeed, no record on parchment, bronze, or stone to attest the 

date of the inception of the first artificial harbour. In the absence of any 

controverting evidence, the honour of creating the prototypes of modern 

maritime engineering undertakings of this kind is usually assigned to the 

public-spirited policy of monarchs of early Egyptian and Phænician dynasties. 

Yet this ascription of priority is, after all, one more of inference and assump- 

tion than of definite knowledge, and there is reason to suspect that artificial 

harbours, in an embryonic form at any rate, are of much more ancient 

origin, dating back through the earlier civilisations of the remoter East 

to a period of time of which all historical traces have been lost, and con- 

cerning which it would, for that reason, be useless to inquire and idle to 

speculate.
Ancient Sea Routes.—We have no alternative but to confine our 

animadversions within the limits of fruitful historical research. It is 

known for a faet that both Egypt and Phænicia possessed commercial navies, 

and that they carried on an elaborate system of trading operations. Their 

maritime traffic was not only characterised by regularity and importance, 

but it was also of a mutual nature, and the two countries were linked together 

by ties of common interest and advantage.

The sea trade of Western Asia and the contiguous pertion of Africa was 

conducted in ancient times principally along two routes. The first of these 

led from the Phænician ports, via Cyprus to Sicily and Malta, with an ex­

tension along the northern coast of Africa, finally reaching Tartessus in Spain, 

the site of which was probably near where Gibraltar now stands. The second 

sea route was from Ezion Geber at the head of the Gulf of Akabah, along the 

Red Sea, skirting the Southern coast of Arabia to Ophir at the mouth of the 

Indus, the “ land of gold and precious stones.”

Besides these two main routes, however, there were a number of sub­

sidiary tracks intersecting one another in various directions. It has already 

been mentioned that close commercial relations existed between Tyre and 

Sidon and the deltaic ports of the Nile. Apart from these, there was 

considerable traffic which passed into the mouth of the Euphrates, both from 

the coasts of India and of Africa. Nor were the more adveuturous spirits of 

the age restricted to beaten tracks. Right up to the Cassiterides (Scilly 

Isles) in the far West sailed the Cabots and Frobishers of that age, as also 

they may have circumnavigated India and penetrated to Burmah and the 

confines of Siam in the East.
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Phœnician Harbours.—Artificial works were indubitably in existence 

at both Tyre and Sidon. The former town stood on a peninsula flanked on 

each side by a harbour formed of moles of loose or random rubble. Sidon 

possessed similar works of perhaps a little less extensive character. On the 

testimony of ancient historians, Tyre was a magnificent city and a flourishing 

port, with properly constructed quays, equipped with substantial warehouses, 

dating back between two and three thousand years prior to the commence­

ment of the Christian era. The town underwent several vicissitudes in the 

course of its history, even to the extent of being destroyed by the princes of 

Assyria, and afterwards rebuilt. It fell finally at the hands of Alexander 

the Great, B.o. 332, and although the town of Sur still marks the site at the 

present day, scarcely a vestige of the glory of the ancient city remains, and 

the world-renowned harbours have sunk through successive stages of disrepair 
and decay to ruin.

The Harbour of Alexandria. —Remarkable as were the harbour works 

of Phœnicia, they were far outshone by the more elaborate undertakings at 

Alexandria, originated by the Conqueror of Tyre and brought to a successful 

conclusion under the first two Ptolemies about 200 b .c . In this case there 

was the customary mole inclosing a floating basin, and in addition thereto, 
the celebrated tower, or lighthouse, Pharos,1 built on the island of that name.’ 

It passed for one of the seven wonders of the world, being constructed of 

white marble and visible at a distance of a hundred miles. The cost of it has 

been variously estimated at £165,000, and at double that amount. Pires 

were kept constantly alight on the summit as an aid to the navigation of 
the bay.

Grecian Harbours.—The Greeks and cognate races were notable 

harbour engineers, and their handiwork was made manifest at Rhodes, Salamis 

Corinth, Syracuse, and many other places. Perhaps the most noteworthy 

instance was Piræus, the harbour of Athens, situated at the mouth of the 

Cephisus, about three miles distant from the capital city. It was a most 

capacious harbour, inclosing three large basins called Cantharos, Aphrodisium 

and Zea, and sufficiently commodious for the reception of a fleet of 400 ships.

Harbour at Carthage. —The Carthaginians, as might be expected from 

their blood relationship to the parent stock of the Phænicians, also developed 

a talent for harbour construction, and they made Carthage a model port. It 

comprised two compartments inclosed by breakwaters and connected by a 

channel 70 feet in width. Around the inner basin, which afforded space for 

over 200 ships of war, were located the arsenals and stores. When Scipio 

blockaded the place in B.c. 146, cutting off communication with the sea by 

means of a dam across the entrance to the outer harbour, it is recorded that 

the Carthaginians, with characteristic energy, excavated for themselves a new 

outlet. Their exertions and strenuous defence were, however, without avail 

and the downfall of the city took place shortly afterwards.

.1 The title P,larol°9v> applied to the science of lighthouse construction, is derived from 
the name of this tower.
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Roman Harbours.—At the close of the second Punie War and con- 

siderably prior to the event just narrated, the world sea-power had passed 

into the hånds of the Romans, and with it the genius and capacity for 

harbour construction. Ostia, Ancona, Antiuni and Civita Veccliia, amongst 

hundreds of other instances, may be cited as evidences of this faet. Further- 

more, the works carried out by the Latin race were of a solid and enduring 

character, which in inany cases have defied alike the ravages of time, storm, 

and devastation. Civita Vecchia still possesses a serviceable harbour capable 

of receiving vessels of 20 fcet draught. The works at Ostia also exist, 

although the town, formerly at the mouth of the Tiber, is now twenty miles 

or so inland.
Mediæval Navigation.—Passing to mediæval times, we find a vast 

expansion in maritime trade and a corresponding increase in the number and 

size of harbours. The whole of Europe was now engaged in avocations 

connected with the sea and embarking on nautical enterprises as adventurous 

as they were remunerative.
This is not the place, however, in which to attempt anything of the nature 

of a historical and analytical disquisition on the growth and expansion of 

seaborne commerce, nor even is there space to describe the provision made 

for its reception and accommodation at the various ports with which it was 

associated. We do not propose, therefore, to dwell further upon this part 

of the subject beyond making a brief allusion to two features of outstanding 

interest and importance, showing how closely the commercial and political 

welfare of a maritime country is bound up in the maintenance and develop­

ment of its seaports and harbours.
The Cinque Ports.—The first of these features is the formation of a 

confédération, of wliich only a name and an office, and that a pure sinecure, 

remain at the present day. The Cinque Ports were, and for that matter are, 

as the name implies, a group of five ports in this country fronting the English 

Channel. The towns were originally Hastings, Romney, Hythe, Dover, and 

Sandwich, and subsequently there were added—Winchelsea, Rye, and Seaford. 

They represented the naval activity of this country, and they were responsible 

for the protection of the Kentish coast against the incursions of foreign foes. 

To this end they held certain levies of shipping constantly at the disposai of 

the crown, and, in return, they had conferred upon them several special 

distinctions and privilèges.
At this distance of time, it is difficult (with, perhaps, one notable exception) 

to think of these insignificant villages as forming the forefront and backbone 

of Enghtnd’s naval power. Yet from the modest moorings and lowly quays 

of these Kentish harbours slipped away many a valiant little cog to confront 

the caravels of France and the galleons of Spain. But more than this, they 

were, in sooth, the very seed and nucleus of England’s foreign trade; 

inferior, certainly, to London in importance, but, during their palmier 

days, vying with Bristol and Plymouth in the west in the honour and 

distinction of seaward enterprise, and forming the principal links in the chain
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connecting England with the Continent and with all the commercial products 

of the civilised world known at that epoch.

The Hanseatic League. —The other noteworthy feature was the 

Hanseatic League. This was an association of German cities inaugurated 

about the twelfth century, or perhaps earlier (for the real origin of the associa­

tion is involved in some obscurity), for the protection and advancement of 

seaborne commerce generally, and more particularly to foster their own 

interests therein. The combination grew in importance and became ultimately 

exceedingly influential, embracing a number of ports in the Netherlands, 

France, Spain, and Italy, and also London in this country. For a considérable 

time the League enjoyed such power as to render it well-nigh independent 

of national Jurisdiction, but gradually, by absorption and suppression, its 

privileges were curtailed, until they practically disappeared towards the close 

of the seventeenth century. What now remains of the confederacy is strictly 

limited to the three German ports of Hamburg, Bremen, and Lubeck. But 

during the period of its greatest glory and power, it exercised a far-reaching 

influence in the encouragement and development of trade both by land and 

sea, and especially in regard to the administration of port dues and charges.

These two historical episodes illustrate in a very marked degree the close 

inter-relationship of national policy and commercial enterprise, and they 

demonstrate how essential to the prosperity of maritime nations is the 

maintenance and protection of their seaports. There are few countries in the 

world which are so unfortunate as to possess no seaboard. What few there 

are, are insignificant in size and in political importance. It is the definite 

aim and object of most countries, where possible, to increase the extent of 

their sea frontage. More than one modern war has been really, if not 

ostensibly, due to the endeavour of a nationality handicapped by a restricted 

littoral to attain improved communication with the open sea, or, in some 

cases, even to gain simply direct access to it. The sea is the great highway 

of the world, a spacious and practically limitless expanse whereon transport 

is a process at once simple, economical, and direct.

National Interest in Harbours.—Such being the case, the inquiry 

can scarcely fail to arise: How far is the state responsible for the upkeep and 

development of its ports? Ought harbours to be under the control and 

tutelage of the nation, and, if so, what kind of patronage and protection, and 

how much of it, should the latter accord? Stated in concrete terms, should 

harbours be kept in a state of efficiency, not merely by means of local 

resources, but by direct governmental assistance, involving the contributions 

of inland towns? The question is a complex one, and admits of more than 

one answer.

In so far as a state is a naval power, it has absolute need for shelter and 

coaling places for its vessels of war. It is, therefore, without auy question, 

entirely concerned in the provision and management of such depôts as are 

necessary for the purpose. Moreover, in states possessing a littoral frontier 

swept by fierce gales, it is also a matter of national expediency to produce at
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certain points works of a protective nature, which will enable imperilled 

shipping to survive the disastrous effects of sudden tempests.

So far the matter incontrovertibly affects the national welfare. Next, as 

regards interests which are open to the charge of being purely, or mainly, 

local.
In regard to ports which have grown up entirely on a commercial basis 

associated with markets and industries in the immediate vieinity, the same 

requisition for state interference is not so apparent, and while conditions are 

favourable and trade prosperous, there is little desire or need to raise the 

point for discussion. So long as local rates and charges are sufficient to meet 

all demands entailed in the upkeep of such commercial ports, it is difficult to 

see why they should not be allowed and encouraged to retain their own 

independence and work out their own programmes of development. It 

occasionally happens, however, that a commercial port falls behind the times ; 

it may be from various causes—possibly from indifferent administration, 

mismanagement, culpable malversation, and so on, but generally and 

ultimately from lack of funds to carry out improvements which have 

become necessary by reason of the continually rising standards of ship- 

building. In such cases more than temporary stagnation is threatened. 

Maritime engineering works, having once become obsolete, cease to be 

utilisable at all in any practical sense, and there is no prospect before them 

of anything but a speedy decline of their trade. Now the state can hardly 

regard with equanimity the extinction of any one of its centres of commercial 

activity. Therefore it becomes a question—and the plea has been urged in 

at least one prominent instance of late—whether the State is not bound to 

step in with the necessary financial assistance or guarantorship, on the 

ground that by so doing she is favouring the interests of the community at 

large. In a general sense the contention is legitimate, but the application 

of such a principle must necessarily be governed very largely by the special 

conditions of each particular case, since there may be ciroumstances under 

which a grant would be injudicious as well as unjustifiable.1

Lastly, in regard to the great majority of harbours—small, almost 

iusignificant havens, many of them—fringing the coasts of every civilised 

country, where a hardy race of fishermen wring a strenuous and ofttimes 

scanty harvest from the sea. The districts in many cases are poor, and the 

calling could hardly be classified as lucrative. Yet there are many thousands 

of people in this country alone dependent on it for sustenance, either directly 

or indirectly. Where local resources are so utterly inadequate to cope with

1 “ It may be urged that the expenditure involved in keeping ahead of the developments 
of shipping is greater than port authorities should be called upon to incur from their own 
resources, and there is doubtless, in some cases, something to be said in favour of that view, 
although I hold that such expenditure is reproductive in a variety of ways beyond the mere 
income arising from the exaction of dues. In my opinion, however, when port authorities, 
who have striven to provide and have provided certain facilities, are unable to incur the 
necessary expenditure for further development, it is desirable that the state should come to 
their assistance and thereby aid these authorities in developing ports on national rather 
than on local lines.”—The Rt. Hon. Lord Pirrie on Harbour and Dock Requirements, 
Engineering Conference, 1907.
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the difficulties of the situation, it is obviously impossible to look to them 

for the requisite outlay, and the principle of state subvention is now, indeed, 

fully recognised by the Board of Trade in all instances where little local 

communities are desirous of extending their accommodation within approved 
limits.

In making these grants1 it has been stated that “it is regarded as 

essential that of the total cost required for construction, at least two-thirds 

should be provided from local or outside sources, and that the contribution 

from the exchequer should in no case exceed the remaining third.” The 

action of the Committee lias been limited “ to the case of harbours serving, 

or likely to develop, a large fishing district either as points of departure and 

landing for the fleet, or as providing refuge on parts of the coast, where the 

nearest existing harbour is so distant as to destroy the value of fishing 

grounds which produce a good harvest of fish.”

Taking the British Isles as a whole, there are something like 130 to 

140 of these fishing centres distributed among Ireland, England (including 

Wales) and Scotland respectively, very closely in the proportion of 1, 2, 3. 

These harbours provide slieltered areas of water ranging from 2 or 3 

acres upwards, though a very large proportion of them are under 10 acres. 

They are, therefore, individually small, but as already stated, since no 

inconsiderable proportion of the population derive their livelihood from 

connection with them, their importance is not to be gauged by size alone.

The commercial ports of this country are less numerous. They number 

about a score, and the accommodation they provide is largely in the form of 

docks and inclosed basins of considérable area, both individually and 

collectively.

National harbours of refuge and for naval purposes are still fewer in 

number. The areas inclosed, however, are correspondingly larger and 

attain to as much as 500 and 600 acres a-piece, and even more.

Here our subject leads us on from general observations to an organised 

investigation of the principles of harbour design, which we can deal with to 

better effect in another chapter.

1 The following is a list of grants which have already been sanctioned up to the time 
of writing :—

Port Knockie, Banffshire 1899 £15,000
Craigenroon, do
Pwllheli, Carnarvonshire

1899 15,000
1901 22,500

Fraserburgh, Aberdeenshire 1902 15,000
Macduff, Banffshire . 1904 . 2,000
Peterhead, Aberdeenshire . 1904 28,000
Lerwick, Shetland Islands . 1904 4,500
Mevagissey, Cornwall. 1904 2,000
Wick, Caithness. 1905 20,000
Southwold, Suffolk 1905 15,000
Whitby, Yorkshire 1907 24,400
Scarborough, do. 1907 6,000



CHAPTER IL

HARBOUR DESIGN.

Difficulties of the Subject—Classification—Definitions—Roadstead—Harbour—Basin—Dock 
Harbours of Refuge—Commercial Harbours—Fishery Harbours—Localisation—Coastal 
and Inland Ports—Procedure in Design of Harbours—Preliminary Considerations— 
Natural Phenomena—Prevalence and Intensity of Storms—Coastal Change—Accretion 
and Denudation—Effect of Artificial Interference—Influence of Effluents—Island 
Harbours—Harbour Areas and Entrance Widths—Illustrations of Harbours at 
Zeebrugge, Queenstown, Sandy Bay, Sunderland, Peterhead, Libau, Madras, Whitby, 
and elsewhere.

Difficulties of Systematic Treatment.—That maritime engineering is a 

Science of much complexity and no little incertitude, is but a trite remark to 

make. It will be admitted, without any controversy, that its operations are 

of necessity fouuded largely upon assumption and carried out by tentative 

rather than confident measures. Hypothesis, analogy, and experiment con- 

stitute its working basis, alike in regard to theory as to practice, to design 

as to execution. The whole field of it is beset by many and peculiar 

difficulties, and scarcely any other department of constructive work finds so 

many hazards and obstacles in the way of satisfactory accomplishment. 'l'he 

task of the engineer who sets himself to contend with the almost bewildering 

array of antagonistic forces incidental to maritime operations, is exacting in 

the extreme. The data upon which his calculations must perforce be based 

are often defective and their origin obscure. He has to deal with agencies 

not only conflicting but frequently also co-operative, and as destructive as 

they are capricious. His work is subjected to the most trying of all ordeals, 

in that it is constantly exposed to the risk of unascertainable possibilities. 

Occasions arise when the profoundest sagacity and the ripest expcrience may 

well prove to be at fault. Laws which hold good in one locality seemingly 

reverse themselves in another. The success of certain dispositions in one case 

is no guarantee of their efficacy elsewhere, still less justification for their 

general application. Each place has its own definite characteristics, its 

peculiar defects, and its special advantages, differentiating it from all other 

places. There is no uniformity, and very little similarity. Generalisation 

therefore, is impossible, and classification becomes difficult.

Yet, in spite of these deterrent considerations, it is manifest that some 

system of treatment must be adopted, unless the principles of harbour 

engineering are to rest on a haphazard, heterogeneous basis, contrary to the 
8
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spirit of all scientific procedure. Our endeavour, therefore, in the following 

pages will be to collate such data as are definitely acceptable, to elucidate 

as far as possible those problems which present themselves within the range 

of ordinary experience, and to lay down certain rules which may serve for 

general guidance to those engaged in adapting some of the most variable 

forces in nature to the use and service of man.

A clear conception of our purview is essential, so we must commence with 

one or two definitions.

Classification. -A harbour is primarily a place of rest and refuge—a 

place where safety and hospitality are to be found. But round this central

idea have grown several accretions of meaning, the gradations of which it is 

desirable to point out.

Limiting our references, as is natural and proper, to the domain of 

navigation, we may observe that a vessel seeking shelter under stress of wind 

and weather may possibly obtain it as follows : —

(1) Within a tract of water, not necessarily inclosed in any way, even 

partially, but adjacent to or not far distant from the coast-line, where there 

is good holding-ground for anchors and some protection from the onset of 

heavy seas. Such conditions constitute a Roadstead. Roadsteads may be 

either natural or artificial. In the case of a natural roadstead, a deep 

channel, with an intervening bank or shoal to seaward, possesses the necessary 

characteristics, as exemplified in the offing of the Port of Ostend (fig. 1). 

An artificial roadstead may be created on similar lines by a breakwater, either 

parallel to the coast, or curvilinear, such as that at Zeebrugge (fig. 2).

(2) Within a definitely circumscribed area, almost completely inclosed, 

either naturally, as in the case of a creek or estuary, or artificially, by
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projecting piers, moles, and jetties. The harbour of Queenstown (fig. 3) is 

an exemplification on a large scale of the former class, while the outstanding

ZEEBRUGGE Fig . 2. —Zeebrugge Harbour.

Fig . 3.—Queenstown Harbour.

piers at the entrance to the river Wear (fig. 4) are typical of the latter, as 

also are the breakwaters at Portland (fig. 5) and Peterhead (fig. 6). Most 

harbours of importance fall under this category.
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(3) Within a confined Basin of comparatively small extent, having a

narrow aperture only for the in- 

gress and egress of vessels. There 

is little to distinguish this from 

what is termed a Dock, though 

the latter expression is commonly 

restricted to basins provided with 

entrance gates. An illustration of 

this class of harbour is to be found 

at Peterhead in the South Harbour __ 

(fig. 6), while a dock at Sunderland 

(North Dock) is shown in fig. 4. 

Fishery harbours generally belong 

to this class, and it is no un- 

common feature to find a smaller 

inner harbour, or basin, constructed 

in conjunction with a large outer 

harbour, or a roadstead. These basins 

reception of cargoes.

are provided with quays for the

>000 0 tOOO 2000 3000 4000 5000
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Fig . 5.-—Portland Harbour.

For the purpose at present in view, it will be found advantageous to adopt
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a slightly different classification based on the object to be attained. From 

this standpoint there are three important divisions, as follows : —

(1) Harbours of Refuge.

(2) Commercial Harbours.

(3) Fishery Harbours.

Though fundamentally in unison, and oftentimes found in combination 

the designs of these three classes are sufficiently distinct to justify us in

Scale of Feet:

Fig . 6. —Peterhead Harbour of Refuge.

treating them separately, describing their particular functions and enumerating 

their special requirements.

Harbours of Refuge. —The principal duty of a Harbour of Refuge is, as 

the name implies, to provide a refuge for vessels overtaken by sudden stress 

of weather, or otherwise hard pressed or disabled. The proper loccde for the 

construction of such harbours is obviously at conveniently accessible stations 

upon coasts which are inhospitable and dangerous. Yet, manifest as is the 

desideratum, the means of its accomplishment is not so obvious, and the 

subject has given rise to some conflict of opinion. Is the proper position for 

a harbour of refuge upon an outstanding frontage or within a bay? Ought 

it to be projected into the open, or recessed within the coast-line? In the 

former case, the goal is more easily reached and less delay is incurred in 

putting out again to sea; on the other hand, there is greater exposure, and 

this endangers the ingress of vessels, rendering them more liable to miss the 

entrance, in which case they will probably be driven on to the shore. Yet 

the risk of ultimate catastrophe must necessarily be greater in the case of a
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vessel missing the entrance of an embayed harbour. So it is scarcely safe to 

dogmatise upon the point. There may be advanced positions to which a 

lofty headland imparts all the advantages of a sheltered recess, and there 

are likewise cases in which deep coastal indentations afford very meagre 

protection from tempestuous seas. Where it can be assured without serions 

risk, the nearer the haven to the distressed ship, the better her chances 

of reaching it. Many seamen, however, prefer, where practicable, to ride at 

anchor in the open rather than make for the uncertainties of the shore.

The requirements of a harbour of refuge may be summed up as three :—

(a) Ready accessibility.

(b) Safe and commodious anchorage.

(c) Facilities for obtainitig supplies and for executing minor repairs.

Upon the first point we have already dwelt a little. But accessibility 

depends not only upon the site of the harbour; it depends also upon its dis­

position. The entrance must be conveniently placed and designed, so as to 

allow of its being easily taken by ships driving before a storm. A narrow 

entrance is difficult to negotiate, but, on the other hand, a wide entrance 

exposes the interior to the effects of rolling seas. Local circumstances will 

largely influence the determination of the dimension to be accorded thereto ; 

at the same time, it may be said that from 600 to 800 feet approximately 

represents the expression of modern British practice. It is not unusual to
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provide more than one entrance ; sometimes two in opposite directions, so as 

to afford a choice of approaches to vessels under varying conditions of wind. 

An entrance may also be deflected in order to afford cover to the interior. 

Provided a vessel is able to reach the shelter of an outer breakwater, it 

becomes more amenable to control, and it may be navigated into an inner 

berth with much less risk and trouble. An entrance may, accordingly, be 

placed to receive ships direct from the most exposed quarter, while at the 

same time the channel, or passage, may be diverted towards the interior, in 

such a way as to mitigate the influx of rough seas. A roadstead forms a 

useful vestibule to a harbour in this respect.

For the efficiency of its anchorage, a harbour depends upon the nature of 

the ground and the depth of water obtainable. Light, sandy bottoms do 

not, as a rule, afford a good hold ; but firm, tenacious material of any kind is 

most suitable. The depths should be sufficient to allow adequate flotation for 

ships of the largest class, and the area ample enough for them to ride at 

anchor without inconvenience or danger of fouling one another. In the event 

of a change of wind, and inevitably as regards a tidal harbour, there must be 

sufficient space allocated to each vessel to allow of its swinging round upon its 

anchor. For merchant vessels a radius of one cable’s length (120 fathoms or 

720 linear feet) will suffice; but in the case of battleships, an allowance of one 

and a half times to twice this dimension should be made. The draught of the 

most modern vessels in the mercantile marine now attains to nearly 40 feet, 

but by far the greater number draw less than 30 feet of water, and from 

5 to 6 fathoms will prove ample for all present requirements of anchorage, 

especially in regard to vessels which are likely to seek a harbour for refuge 

purposes only. A battleship of the highest class has a draught of about 

27 or 28 feet.1

Ships once within the shelter of a harbour should certainly find facilities 

for obtaining supplies of stores and coal, and for executing any repairs which 

may be necessary to render them seaworthy, or to enable them at least to 

proceed to some neighbouring port where they may receive proper attention. 

The extent to which this accommodation is possible, or desirable, will vary 

with the locality. It is not often that a ship, sufficiently large to require a 

graving dock for its overhaul, will be driven to seek refuge, but the contingency 

is possible, and in case of war is not unlikely. Smaller boats may be beached 

or laid upon a gridiron or slipway.

The circumstances attending an outbreak of hostilities are such as to 

render it eminently desirable for harbours of refuge to be equipped with some 

means of defence. Under modern conditions of torpedo attack, it has become 

necessary to completely close the entrances of naval stations at night by booms

1 Insufficient depth is fatal to the utility of all harbours, but more particularly in the 
case of commercial harbours, which have to meet the requirements of shipowners and ship- 
builders. The dimensions of vessels in the mercantile marine are expanding continuously, 
and the greatest difficulty is being experienced in obtaining a proper augmentation of depth, 
owing to the shallowness of the entrances to many harbours and of main waterways, such 
as the Suez Canal.
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and other obstructions. These précautions, however, appertain to the province 

of military engineering.

Commercial Harbours.—Passing on to special aspects of Commercial 

Harbours, we may describe them as a class forming most important appanages 

to ports. They are, in fact, the great termini of the highways of the sea. 

Their province is the accommodation of the mercantile marine during the 

operations of loading and discharging cargoes, and for the transaction of trade. 

Thus, in addition to the obviously fundamental needs of accessibility and 

accommodation already discussed, we meet with the more special requirements 

of Quays and Sheds, and also of Inner Basins and Repairing Docks.

Fig . 8. —New York Harbour.

Commercial harbours are to be found in a variety of situations: upon the 

seacoast, at the mouths of rivers, inside sheltered estuaries, and even some 

considerable distance inland along the banks of rivers and canals. They 

require more shelter than that which suffices for simple purposes of refuge. It is 

indispensable to the conditions of modern trade that there should be the least 

possible delay in the reception and despatch of vessels ; hence everything must 

be done to ensure continuity of operations, and for this purpose protected 

quays are a first considération.

Coastal Harbours présent most difficulty in regard to this point. The 

mere protection afforded by a breakwater is not sufficient to impart that 

tranquillity which is essential to the loading and unloading of ships. There 

are, of course, cases like that of Zeebrugge (fig. 2) where a single mole built
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out into the sea is made to suffice, being provided with a level quay and 

covered sheds for the reception of merchandise ; but such cases are rare, and, 

generally speaking, it will be found necessary to provide an enolosure, 

practically complété, with an inner harbour, or docks, for commercial 

purposes. Indeed, in the case of a coast exposed to heavy seas, the adjunct 

becomes imperative.

Estuarine Harbours find the requisite shelter already provided, in many 

cases, by rising ground flanking their entrances, and, indeed, many harbours 

situated in creeks and inlets are also admirably protected by adjacent hills so 

as to require no further defence. In addition to Cork and Queenstown, the 

harbours of Sydney, San Francisco, and Rio de Janeiro may be cited as cases 

in point. Instances of estuarine harbours are afforded by Liverpool, at the 

mouth of the Mersey; Dublin, at the mouth of the Liffey ; Havre, at the 

mouth of the Seine, and numerous other ports. The case of Liverpool is an 

admirable example, the form of the river at its mouth being excellently 

adapted for harbourage. The Mersey is broad and deep, expanding inwards 

from a narrow-necked entrance, while rising ground on both sides contributes 

the necessary shelter.

But while estuarine harbours possess many advantages, they have corre- 

sponding defects. The majority of rivers are afflicted with bars, that is to 

say ridges of material lying across their entrances in such a manner as 

to reduce the available depth of water, and so impede navigation. The 

point is only mentioned here in passing : it is of such grave importance 

as to call for detailed treatment, and this must be reserved for a later 

chapter.

River Ports, such as Bremen on the Weser, Hamburg on the Elbe, 

Glasgow on the Clyde, etc., and Canal Ports, such as Manchester, Bruges, 

etc., are comparatively free from many of the evils which affect harbours on 

the littoral, but they are attended by certain inconveniences of another 

kind. The navigation of inland waterways is a slow and tedious process for 

sea-going ships, and it involves considérable delay, which, in these days of 

rapid transit, counts for a great deal. Ports like Antwerp, Hamburg, and 

Rotterdam are very unfavourably situated for competing as regards expédi­

tion and despatch with ports on the seacoast. True, there are advantages 

attaching to water carriage throughout, which outweigh the alternative of 

unshipment and transport by rail from the nearest seaport; but this faet 

does not invabdate the contention that the nearer the port to the great ocean 

highways, the speedier and better the distribution of freight. Moreover, 

river harbours are subject to the adverse influences of strong currents, 

freshets, and floods ; they have a continuous tendency to silt up, and they 

are even invaded at times by floating masses of weeds and mud. Under 

these particular circumstances, a river harbour should possess an entrance 

pointing downstream, making an acute angle with the bank, and the width 

of entrance should not be greater than is necessary for the manæuvring of 

the vessels which frequent the port.
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Fishery Harbours.—Fishery Harbours, though a numerous dass, are 

not, generally speaking, constructionally important, but they possess 

characteristics sufficiently notable to merit some attention. In the first 

place, the scareity of capital available for artificial operations renders it 

necessary to take the utmost advantage of natural features. Then, since 

fishermen require a maximum amount of time for their expeditions, with a 

minimum of delay in despatching their hauls, on account of the perishable 

nature of fish, every facility should be afforded them for making the harbour 

at the last possible moment consistent with the state of the tide. This inter­

mittent accessibility, however, characteristic as it is of all tidal harbours in

Fio. 9. —Entrance to Langston Harbour. Direction of currents. The numerals 
represent hours of ebb and flood tide.

which vessels take the ground at low water, or where there is a shallow bar, 

is inimical to the interests of sea fishermen. Their requirements demand a 

harbour constantly open for arrivai and departure alike. A shoal of fish 

may be missed as easily from sheer inability to proceed to sea as from the 

deterrent effect of impending foul weather.1

The entrance of a fishery harbour, while not unduly wide, must not be 

made too narrow. It is liable to be tbronged at times by craft anxious to 

enter in order to escape a rising gale, or to catch the early market. Cases

1 Depths below low-water level of ordinary spring tides at some of the more important 
fishery harbours in this country are: —-Hartlepool, 15' ; Aberdeen, 14' ; Dundee, Yarmouth, 
and Newlyn, 12' ; Lowestoft, 10'. The majority of fishery harbours, however, have depths 
much less than these, and, in many cases, they become practically or actually dry at low 
water.

9
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have occurred in which boats have become jammed in an entrance through 

excessive crowding, with, unfortunately, disastrous conséquences. Fishing 

smacks of the present day have a beam of 20 feet or so, and allowance should 

be made for, at least, three or four, or even more, entering abreast, according 

to the size of the fleet.

The length of ordinary fishing-boats ranges from 50 to 60 feet, and their 

loaded draught lies generally between 6 feet and 10 feet; but steam trawlers 

draw as much as 14 or 15 feet, and their length is rarely less than 110 or 

120 feet.

In a fishery harbour, broad open quays with a large covered hall, or 

market, are required for sorting the fish and conducting sales.

It has to be borne in mind that under modern conditions of trade, a 

fishing fleet of steam trawlers most needs be furnished with supplies of coal 

and ice, and for this purpose railway sidings at the quayside become a 

necessity. For large vessels of this class, the fishery harbour becomes of a 

more important character, trenching, in many respects, on the commercial 

harbour.

Seleetion of Locality.—Reviewing the subject as a whole, and postu- 

lating the choice of a situation for a harbour, the conditions which would 

govern that choice divide themselves into three heads.

First and foremost, there is the obvious advantage to be derived from 

a position adjacent to some existing means of internai communication, 

such as river, canal, or railway. In the absence of all these, it is still 

possible to consider the feasibility of the formation of two of them, and 

any obstacles likely to prove antagonistic should be carefully weighed and 

avoided.

Then the extent of adverse meteorological and climatic influences claims 

attention. Fog and frost are dual evils which infest very many harbours to 

the infinite detriment of their usefulness. The former jeopardises shipping, 

and both impede navigation. To be ice-locked for several months in a year, 

like Montreal or St Petersburg, is a serious outlook for any progressive port. 

The ice-breaker, however, has done much to relax the rigorous grasp of winter, 

and very few ports need now resign themselves to the entire cessation of 

their sea-trading operations. For the fog-fiend, there is unfortunately no 

practicable remedy as yet. Certain experiments conducted in scientific 

quarters seem to suggest a possible amelioration, but on too small a scale for 

general application. As regards protection from storms, the value of head- 

lands and promontories has already been pointed out. Cover should, of 

course, be sought from the most tempestuous quarter.

Lastly, the facilities afforded for providing such artificial protection as is 

requisite should be taken into account. This constitutes the economical 

aspect of the question, and some of the numerous matters deserving attention 

are the length of breakwaters and jetties required, the nature of their con­

struction, the source of suitable material, and the expense of carriage, the 

means of procuring labour and plant, and the resources of the district
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generally. In regard to all thèse, certain localities will be more favourably 

situated than others.

But, except in rare instances, the engineer can hardly expect to have the 

opportunity of allocating a harbour and of designing it in toto. Trade routes 

are sufficiently firmly established to preclude the diversion of much traffic 

to other lines. Au occasional harbour of refuge, with a fishery station 

or so, marks the limits of entirely new construction at the present day. 

Yet, at the same time, there is great and increasing scope for the develop­

ment of maritime works already in existence, and the enlargement and 

improvement of harbours forms one of the most important fields of civil 

engineering.

Procedure in Desig’n.—Such being the case, the unrestricted choice 

of a site will rarely lie within the province of the engineer. The locality, at 

anyrate, will already have been determined and the preliminary dispositions 

established, before his services are requisitioned. It falls to his lot, therefore, 

to utilise existing conditions and to devise a modus vivendi out of circum- 

stances beyond his control.

Assuming, momentarily, for the purpose of discussing the question in all 

its bearings, that the site is a virgin one, there are certain preliminaries to 

be carried out before any scheme can be laid down. We will deal with them 

in their natural order of procedure. Thus, the first point would be to 

make a survey of the neighbourhood, and to prépare a chart indicating 

the depths of water in the vicinity. Not only should a complété set of 

soundings be taken, but borings 

should also be made to ascer- 

tain the nature of the ground, 

its fitness for anchorage, and the 

extent to which it lends itself to 

an economical inerease of depth, 

should this be or become neces- 

sary. The depths obviously must 

be sufficient to meet the require- 

ments of the deepest draughted 

vessels which are likely to fre­

quent the place,1 and it should 

not be overlooked that some 

allowance is necessary for the 

pitch or surge of a vessel in 

rough water, whereby its keel 

descends below the normal level.

Natural Phenomena. — 
After the preparation of the sur- 

Fig . 10.—Wind Diagram. Frequency ordinates 
set off from centre; intensity ordinates from 
frequency curve.

vey and the plotting of the contour lines (or lines of uniform level, as shown 

in fig. 2), the engineer will search local records for data, and also make

1 See footnote, p. 14.



20 HARBOUR ENGINEERING

observations himself, in reference to varions natural and meteorological 

phenomena, and the following will specially claim his attention :—

Fig . 11. —Wind Diagram. Frequency ordinates 
set off from centre; intensity ordinates from 
radial lines.

from a certain point of the compass. 

most frequent, it must not, by any 

wind which is most to be feared.

A single gale arising from a 

totally different quarter may 

cause more havoc and destruction 

than a whole twelve-month of the 

prevailing wind. The import­

ance of the latter lies rather in 

the effect it has upon- the coastal 

contour in its relationship with 

other agencies, the effects of 

which, though momentarily in- 

significant, are continuons and 

cumulative. Such 

the ebb and flow 

and the erosive and 

power of currents.

agencies are 

of the tide 

transportive

Ways of recording wind fre­

quency and intensity are numer- 

ous. Three examples are shown

in figs. 10, 11, and 12, with explanatory notes. Time ordinates are not 

difficult to plot, possessing, as they do, a direct numerical value. It is a 

different matter with the intensity ordinates, whicli have to be to a certain

1. The direction and intensity 

of the winds and the frequency 

of storms.

2. The height and force of 

the waves.

3. The range of the tides.

4. The direction and velocity 

of the currents.

5. Evidences of silting, littoral 

drift, or coast erosion.

6. The extent of exposure and 

the maximum “ fetch.”

With reference to the first of 

these features, it may be pointed 

out that nearly every place is 

subject to what is called a Pre- 

vailing Wind, that is, a wind 

blowing with great constancy for 

a considerable portion of the year

But while the prevailing wind is the 

means, be concluded that it is the

Fig . 12. —Wind Diagram. Frequency ordinates 
set off from centre; intensity ordinates from 
circumference.



H ARBOU R D ESIG N 21

extent conjectured. The velocity of a w ind m ay be gauged m ore or less 

accurately by an anem om eter, if one is available ; in other cases it is 

estim ated. But the velocity is fitful, and, as a m easure of pressure, by  

no m eans an ideal standard. The range of intensity is usually divided  

into tw elve sections, forming a scale, know n as Beaufort’s scale, w hich is 

given below .

B e a u f o r t  Sc a l e  f o r  W in d .

0 denotes Calm  V elocity in m iles per hour =0
1 ,, Light A ir ,, ,, 7
2 „ Light Breeze  ,, „ 14
3 ,, G entle Breeze  „  ,, 21
4 ,, M oderate Breeze „  ,, 28

,, Fresh Breeze  ,, ,, 35
6 „ Strong Breeze  ,, ,, 42

7 ,, M oderate G ale  „  „ 49

8 ,, Fresh G ale ,, ,, 56
9 ,, Strong  G ale  ,, „ 63

10 „ W hole G ale „  ,, 70
11 ,, Storm  ,, ,, 77
12 ,, H urricane ,, „ 84

Coastal Change.— The influence of the w ind in relation to  the m agnitude  

of w aves w ill be m ore fully  considered in  another chapter. A t present, having  

regard to the general outlines of barbour design, w e w ill sim ply notice its 

bearing upon the coastal contour in the vicinity of any artificial w orks.

That the seacoast is undergoing a graduai change m ust be evident to the 

m ost superficial observer. In certain districts, notably the borders of Y ork­

shire and East A nglia, there are m anifest signs of sea encroachm ent. Every  

year w itnesses the retrogression of som e extent of shore frontage, and, in the  

course of a few centuries, w hole tracts, such as the G oodw in Sands and  

districts including villages and tow nships, have disappeared. O n the other 

hand, in other quarters there has been a graduai gain and accretion. South­

port in Lancashire, form erly, as its naine im plies, situated at the w ater ’s 

edge, now lies at a perceptible distance inland. A t D ungeness in K ent, a  

headland of shingle is accum ulating at something like the rate of 200,000  

tons per annum . Instances of both kinds m ight be m ultiplied indefinitely.

The essential point to consider is the probable effect of any artificial 

projection from  the coast in accentuating or m itigating the natural process 

of m utation. This is not altogether an easy m atter to determine, ow ing to  

the predom inating influence of local circum stances, quite apart from the faet 

that the causes of coastal denudation and accretion are but imperfectly under­

stood. The carriage of m aterial from one point to another is assigned by  

one school of engineers entirely to w ave-action, and by another school, m ainly  

to current flow . It seem s, on the w hole, not im probable that both agencies 

are involved, in varying degree : the breaking of w aves on a beach serves to  

stir up the sand and shingle, the form er of w hich the w ater, in its troubled  

state, retains in suspension long enough for it to be projected som e distance 

along the shore by the resolved com ponent of w ave force in that direction,
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being aided therein by the littoral current. The heavier particles are rolled 

along and partake of a zig-zag movement, as shown in fig. 14. It is generally 

agreed that the action is practically confined to the region between high and 

low water marks.

The trend of littoral drift is therefore attributable, in the first instance,

to the wind which governs the pré­

dominant direction of the waves.

To illustrate in some way, however 

imperfectly, the general effect of wind 

and flow upon a coast-line, with the 

modifications brought about by intru­

sive structures, figs. 15-22 have been Fig . 14. —Track of Shore Drift.

prepared. A simple case only has been taken ; the action, as can well 

be imagined, is often much more complex. The supposition made is that 

of a coast-line with the dominant current flowing parallel thereto (from 

right to left) coincident with the direction of the prevailing wind. Fig. 15

and those which servi

Fig . 15.

the tendency towards shoaling in

various parts, which is brought about 

by the construction of harbour

works of typical kinds.

The straight pier or breakwater 

at right angles to the coast-line 

(fig. 15) induces an accretion of sand 

and shingle along each of its sides. 

The windward accumulation is the 

more pronounced, the leeward deposit being reduced by eddying round the 

outer end of the pier. The returned pier (fig. 16) serves to increase the 

leeward deposit, there being a circular motion of the water round the pier- 

head with a tendency to scour at that point, while the slacker water inside 

leads to settlement of suspended material. An example of this is to be

found in the harbour of Salina 

Cruz on the Pacific Coast (fig. 18), 

where the initiation of a break- 

water of this type brought the 

low-water line forward, tempo- 

rarily, at anyrate, to the 26 feet 

contour of six years previously. 

Much the same effect is apparent

with double piers (fig. 17), the accretion being emphasised by reason of the 

additional extent of quiescent area. Evidence in support of this is forth- 

coming from Madras, where the harbour entrance is slowly but surely silting 

up in this way. Apparently the only practicable means of remedying the evil 

due to solid structures is that of substituting openwork for the portion of the 

jetty which immediately joins the land. It has even been suggested that the 

most logical method is that of “ Island Harbours,” formed in deep water out
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of the range of accretion, and connected with the shore by means of open- 

work jetties, as exemplified at Amager, Snogebæk and Hundested (page 41). 

Columnar structures offer little, if any, perceptible obstruction to current 

flow, and consequently should not give rise to a deposit of any appréciable 

extent. Whatever shoaling takes place abreast of the outermost and solid

Fig . 17.

portion of the pier, should be, and generally is, comparatively insignificant. 

The breakwater at Zeebrugge has been designed on these lines, as also the 

pier at Rosslare on the east coast of Ireland. Unfortunately, for the general 

application of the principle, a disposition of the same kind adopted at Ceara 

harbour, in Brazil, has proved strikingly unsuccessful, and has entailed 

consequences disastrous to the port. The entire harbour is blocked with

Fig . 18. —Salina Cruz Harbour. Effeot of initiatory breakwater operations. 
Note. —The design was subsequently modified.

sand (fig. 19), despite the faet that an openwork viaduct lies between the 

breakwater and the shore.

Land water entering the sea at any point is deflected by tidal currents, 

where they exist, to each side alternately, with the result that with the 

coastal sediment there is a tendency to shoal at some short distance outwards, 

forming a bar of various contours. With a strong wind and littoral current 

in one prédominant direction, there will most likely be produced, in addition
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to a bar, a spit or horn (fig. 20), through which the river, in times of flood, 

may break, but which generally reforms. In either case the shoaling is

Fis. 19.—Harbour of Ceara. Effect of breakwater.

detrimental, and various means have been tried to remove it. The most

generally accepted methods are by means of projecting jetties, or training

walls, and dredging. Unless the former 

are extended into very deep water, they 

are not likely of themselves to pruve 

completely efficacious. Accretion takes 

place as shown in fig. 22, and matters 

readjust themselves a little further out 

much to the same effect as before. Fig . 20.

The history of Dunkirk, Calais, and

other French ports, proves this, the jetties constructed at chose places 

having to be prolonged from time to time, as shoaling has accrued. The 

works at the mouth of the Mississippi (where there is, of course, some

Fig . 21.—Entranee to Christchurch Harbour. Formation of spit.

difference in the tidal conditions)1 are of the same nature, being designed for 

the removal of a bar; but the jetties are of considerable length, and, being 

1 The tidal range in the Gulf of Mexico is very small.
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extended to a point sufficiently seaward to bring the fluvial deposits within 
range of powerful submarine currents, there is less fear of the deposit 
becoming permanently localised to any serious extent. At the same time, 
the jetties may need extending ultimately on account of the advancement of 
the coast-line.

With dredging employed as an auxiliary, the silting up of outlet channels 
may, of course, be held in check as long as and to whatever extent may be 

deemed expedient. We revert to this part of the subject later on (Chapter IX.).
In considering the diagrams employed in illustration of the foregoing 

principles and hypotheses, it is to be distinetly understood that the shoaling 
indicated does not necessarily appear above water level, even at lowest water, 
nor indeed does it, in a number of cases, manifest itself to any pronounced 
extent. Certain tendencies only are outlined, which become more or less 
marked, according to the absence or presence of counteracting influences. 
It is the province of the engineer to secure or provide these counteracting 
influences by natural or artificial means, so as to maintain a state of

Pig . 22.

is so involved, and its ramifications so 
individual treatment.

equilibrium in so far as it is possible 
to do so. Some of the means em­
ployed for the purpose will be dis- 
cussed in a later chapter, but we 

cannot hope to deal exhaustively 
with a problem which admits of in- 

numerable variations in accordance 
with local peculiarities. The sub­
ject of littoral drift and its comple- 

mentary phenomenon, coast erosion, 
extensive, as to require special and

As a forcible illustration of the complex nature of currents set up by 
artificial works, a series of illustrations (figs. 23-28) are given, showing the 
vagaries in the tidal flow exhibited at Dover Harbour since the formation of 
the new breakwaters. Beforetime, the set of the tide was almost parallel to 
the shore line, running from N.E. to S.W. from 4| hours after to 1| hours 
before high water, and from S.W. to N.E. from 2 hours before to 4 hours 
after high water. At high water of spring tides the rate of the east-going 
stream was about 4 knots, and at low water the west-going stream had a 

velocity of 2| knots. Both direction and rate of flow are now completely 
altered in every respect.1

The currents at the eutrance to Langston Harbour are indicated in fig. 9.

Harbour Areas and Entrance Widths.—We turn now to the 
subject of wave power, regarding it simply as it affects the general question

1 When these diagrams (issued by the Admiralty) were prepared, the western portion 
of the Island breakwater was still ineomplete and the site occupied by open constructional 
piling. No doubt further changes will manifest themselves with the progress of the solid 
work.
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Fig s . 23-28.— Iidal Currents 111 and out of Dover Harbour.
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._Nolt-Theheight of tide and strength of streams
H.W. F.& C XI• 12-are liable to considérable alteration by strong 

Springs rise 18 feet Sin. Neap rise 15 feet. "i^s in the-North Sea or English Channel.
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o f  h a r b o u r  d e s i g n . A t a  l a t e r  s t a g e  i t w i l l b e  n e c e s s a r y  t o  t a k e  i t i n t o  

d e t a i l e d  c o n s i d é r a t i o n  f r o m  t h e  p o i n t o f  v i e w  o f  i t s  i n f l u e n c e  o n  s t r u c t u r a l  

f e a t u r e s . F o r  t h e  m o m e n t , h o w e v e r , w e  a r e  o n l y  c o n c e r n e d  w i t h  i t  i n  i t s  

g e n e r a l a s p e c t , t h a t i s , i n  s o  f a r  a s  i t a f f e c t s  t h e  i m p o r t a n t  r e l a t i o n s h i p  

e x i s t i n g  b e t w e e u  t h e  a r e a  o f  a  h a r b o u r  a n d  t h e  w i d t h  o f  i t s  e n t r a n c e .

T h e  d e t e r m i n a t i o n  o f  a r e a  i s  t h e  p r i m a r y  c o n s i d é r a t i o n . O b v i o u s l y ,  s m a l l  

h a r b o u r s  w i l l  b e  m o r e  a p p r e c i a b l y  a f f e c t e d  b y  e x t e r n a l  c o m m o t i o n  t h a n  l a r g e  

h a r b o u r s , a s s u m i n g  t h e  i n c l o s e d  a r e a s  i n  e a c h  c a s e  t o  b e  e q u a l l y  w e l l p r o -  

t e c t e d , f o r  i t  i s  e a s i e r  t o  t r a n s m i t  a g i t a t i o n  t o  a  s m a l l b o d y  o f  w a t e r  t h a n  t o  

a  l a r g e  o n e . B u t ,  o n  t h e  o t h e r  h a n d ,  l a r g e  h a r b o u r s ,  u n l e s s  m o s t e f f e c t i v e l y  

s c r e e n e d  a n d  s h e l t e r e d ,  a r e  t h e m s e l v e s  l i a b l e  t o  a c t i n  s o m e  d e g r e e  a s  w a v e  

g e n e r a t i n g  a r e a s . H e n c e  s o m e  d i s c r i m i n a t i o n  i s  n e c e s s a r y ,  a n d  t h e  q u e s t i o n  

o f  a r e a  i s  m o r e  l i k e l y  t o  b e  d e t e r m i n e d  b y  o t h e r  c o n s i d é r a t i o n s  t h a n  t h o s e  

i m m e d i a t e l y  c o n n e c t e d  w i t h  e x p o s u r e . T h e  r e q u i r e d  a c c o m m o d a t i o n , t h e  

d i c t a t e s  o f  c o n v e n i e n c e  t o  n a v i g a t i o n ,  a n d  t h e  a d a p t a b i l i t y  o f  n a t u r a l  f e a t u r e s ,  

i n  f a e t ,  h a v e  f o r e m o s t  p l a c e  i n  t h e  d e t e r m i n a t i o n  o f  a r e a .

A s  r e g a r d s  e n t r a n c e  w i d t h ,  t h e r e  c a n  b e  l i t t l e  d o u b t  t h a t  t h e  n a r r o w e r  t h e  

e n t r a n c e , t h e  m o r e  e f f e c t u a l l y  i s  t h e  i n t e r i o r s e c u r e d  f r o m  t h e  i n g r e s s  o f  

d i s t u r b i n g  e l e m e n t s . I n  a d d i t i o n  t h e r e t o , a  n a r r o w  i n l e t  v e r y  m a t e r i a l l y  r e ­

d u c e s  t h e  p o w e r  o f  t h o s e  w a v e s  w h i c h  d o  f i n d  a n  e n t r a n c e . O n  t h e  o t h e r  

h a n d ,  a n  e n t r a n c e  m u s t h a v e  a d é q u a t e  w i d t h  f o r  v e s s e l s  e n t e r i n g  n o t  o n l y  

s i n g l y  a n d  i n  c a l m  w a t e r , b u t  a l s o  w h e n  d r i v e n  i n  g r o u p s  u n d e r  s t r e s s  o f  

w e a t h e r . A c c o r d i n g l y , t h e  e n t r a n c e  b e a r s  a  d o u b l e  r e l a t i o n s h i p  t o  t h e  

h a r b o u r , v i z . , ( a )  a s  r e g a r d s  s h e l t e r ,  a n d  ( i )  a s  r e g a r d s  a c c o m m o d a t i o n .

F r o m  t h e  f i r s t  o f  t h e s e  p o i n t s  o f  v i e w , S t e v e n s o n  h a s  e v o l v e d  a n  e m p i r i c a l  

f o r m u l a  t o  c o n n e c t  t h e  e x t e n t  o f  t h e  r e d u c t i o n  i n  t h e  h e i g h t o f  w a v e s  w i t h  

t h e  w i d t h  o f  t h e  i n l e t  a n d  t h e  w i d t h  o f  t h e  s h e l t e r e d  a r e a .

T h u s ,  c a l l i n g  H  t h e  h e i g h t  o f  t h e  u n r e s t r i c t e d  w a v e  a t  t h e  m o u t h  o f  t h e  

h a r b o u r  h a v i n g  a n  e n t r a n c e  w i d t h  b, t h e  r e d u c e d  h e i g h t o f  t h e  w a v e , h, 

w i t h i n  t h e  h a r b o u r s  a t  a  d i s t a n c e ,  D ,  f r o m  i t s  m o u t h  a n d  a t  a  p o i n t  w h e r e  t h e  

b r e a d t h  o f  t h e  h a r b o u r  i s  B , i s  g i v e n  b y  t h e  e x p r e s s i o n

J " K 7 ; ; - < ^ ' + x / | ) } -

F o r  e x a m p l e ,  w h e n  1 )  =  2 5 6 ' ,  b 1 0 0 ' ,  B  4 0 0 ' ,  a n d  H  1 0 ' ,  w e  o b t a i n  A =  3 '8 ' .

T h e  e n t r a n c e  w i d t h ,  h o w e v e r ,  i s  s u b j e c t  t o  o t h e r  a n d  f u r t h e r  c o n s i d é r a ­

t i o n s . I n  t i d a l h a r b o u r s  t h e r e  i s  t h e  o u t r u n  o f t h e  e b b  t i d e  w i t h  t h e  

c u m u l a t i v e  e f f e c t  o f  t h e  d i s c h a r g e  o f  a n y  u p l a n d  w a t e r s ,  a l l t e n d i n g  t o  p r o ­

d u c e  a  r a p i d  c u r r e n t i n  a  n a r r o w  w a t e r w a y . A n d  w h i l e  t h e  s c o u r  i n d u c e d  

b y  t h i s  m e a n s i s b e n e f i c i a l w i t h i n  c e r t a i n  l i m i t s i n  m a i n t a i n i n g  a  d e e p  

c h a n n e l ,  y e t ,  c a r r i e d  t o  e x c e s s ,  i t  i s  l i k e l y  t o  p r o v e  p r e j u d i c i a l  t o  t h e  s t a b i l i t y  

o f  w a l l s  a n d  p i e r s  b y  u n d e r m i n i n g  t h e i r  f o u n d a t i o n s , a n d ,  m o r e o v e r ,  t h e  r a t e  

o f  f l o w  m a y  b e  s u c h  a s  t o  i n t e r f e r e  w i t h  a n d  p o s s i b l y  p r e v e n t  s a f e  n a v i g a t i o n .  

T o  b e  p r e c i s e ,  a  v e l o c i t y  o f  f r o m  3 | t o  4  k n o t s  p e r  h o u r  s h o u l d  b e  l o o k e d  

u p o n  a s  t h e  m a x i m u m  c u r r e n t  p e r m i s s i b l e .
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Such, in brief compass, are some of the more important matters bearing 
on the general question of harbour design, from which it will be seen 
that there are many weighty considérations which contribute towards a 
determination of the proper form and arrangement of areas reserved for 
the reception of shipping. In the ensuing chapters, it will be our duty 

to investigate some of these 
features more closely and in 
greater detail.

Meanwhile, we conclude 
the present section with a 
brief description of three ports 
selected as furnishing fairly 
representative examples of the 
three principal types of har- 
bours, viz., national harbours, 
commercial harbours, and 
fishery harbours, and also of 
a trio of harbours remarkable 
more for their form than for 
their size, and possessing in­
terest out of proportion to 
their commercial importance.

The Military Outport 
at Libau.1—Libau, as a com­
mercial harbour, dates from 
the thirteenth century, and 
various extensions have been 
made in its accommodation 
from time to time. In 1870, 
when the Libau-Romen rail- 
way was constructed, the port 
came into considerable pro- 
minence, and in 1887 the 
Russian Government deter­
mined to make also a military 
harbour the site of which was 
to be immediately to the north 
of and connected with, the 
commercial harbour.

“In designing the general arrangement of the sheltering constructions 
of the outport, two questions had to be taken into considération : (1) to lessen 
as much as possible the risk of the entrances and of the interior of the port 
being silted up by the coast drifts; (2) to prevent floating ice from 
accumulating in front of the walls and to assist the escape of the ice formed

1 Jarintzoff on “The Military Outport of Libau,” Min. Proc. Inst. C.E., vol. cxxvi.
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within the basin. For both purposes the design adopted may be considered 

as the most suitable. The movement of the sand along the coast is of a two- 

fold character. In shallow water the sand is carried by the waves along the 

shore and accumulâtes at each exposed point, which tends to prevent its 

further movement. For that reason the more the southern mole of the com­

mercial port was extended into the sea, the more rapid was the growth of the 

coast in the angle between the mole and the shore; but, in the future, this 

growth will be slower, first, because the depth of the sea increases further 

from the shore, and secondly, because the mole was built out at once to a 

considérable distance and to a great depth, which obliged the waves from the 

west and south-west to glide along the mole and dash against the coast, thus 

scattering the sand collected. Certainly this does not prevent the harbour 

from silting up, but the sand is carried for a long distance along the coast, 

and therefore the danger of accumulations at the entrance of the harbour is 

considerably diminished. Beyond the breakwater the movement of the sand 

is produced by the coast current, in which the particles of sand are suspended. 

If the currents do not meet with any obstacles, the greater part of the sand is 

carried along the coast and is left in sheltered places, and this action is 

favoured by the circumstance that the breakwater and the point of the 

southern mole form a straight line. As regards the ice, which generally 

moves backwards and forwards from north to south, the arrangement of the 

walls in one line is very convenient. There is nothing to stop the ice and 

give isolated masses time to freeze together under the influence of the cold 

coast winds. Consequently there can be no accumulation of large ice masses, 

and a strong ice-breaker can at all times easily make a way out of the port 

into the open sea. The ice in the harbour, broken up by the ice-breaker 

passes witliout difficulty through the three outlets; but this ice, owing to the 

mildness of the climate, is never so thick as to be a serions obstacle to the 

movement of the ships.”

The military port, as formed, is 7,700 feet long, 7,000 feet wide, and occupies 

about 1,200 acres. Its natural depth is 14 feet at a distance of 1,400 feet 

from the coast, 22 feet at a distance of 3,500 feet, and it gradually increases 

to 29 and 30 feet as it nears the breakwater. The width of each of the three 

entrances is 700 feet, and the general depth seaward is 30 feet, though 

diminished in places to as little as 24 feet.

Madras Harbour.—The oase of Madras Harbour is a striking instance, 

amongst many which might be cited, of the difficulties attending the effective 

realisation of benefits theoretically deducible from principles which are ap 

parently sound in themselves and from a design conforming thereto so far as 

the available data will permit. Much that was hoped for has not corne to 

fruition, and justifiable expectations have been disappointed.

The commercial ports of India are not numerous, in spite of the enormous 

extent of its seaboard. They can almost be counted upon the fingers of one 

hand, and most of them are of comparatively recent development. Up to the 

year 1875, there was nothing at Madras of the nature of a harbour, either
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natural or artificial; there was simply an open roadstead on an exposed, 

sandy coast, swept by storms and occasional monsoons of extreme violence, 

during which vessels were far safer out at sea. In fact, even at the present 

time, throughout the entire distance of 2300 miles extending round the
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peninsula from Calcutta to Bombay, there exists no mainland port capable of 

affording adequate shelter to shipping in times of cyclonic disturbance ; still 

less of accommodating it, uninterruptedly, at the quayside.

At Madras, the unloading of vessels is carried on by lighters, or barges, of 

about 10 tons capacity, which traverse the distance between ship and shore. 

The transfer of cargo in the open was and could only be effected at consider-
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able risk, and the first step to be undertaken in any attempt at an ameliora­

tion of the conditions was manifestly the creation of a sheltered area, within 

which barges could move freely and without danger.

There were no natural features to lend assistance to such an undertaking, 

and purely artificial dispositions had to be made. The initial design was 

prepared by the late Mr Wm. Parkes, and consisted of two breakwaters 

projecting perpendicularly to the coast-line, with rectangular returns ter- 

minating centrally in pier heads, 450 feet apart. Subsequently, the plan 

was modified by the Marine Department, so that the return angles became

Fio. 31. —Madras Harbour. Sketch showing extent of damage done by storm 
of 12th November 1881.

obtuse and the entrance width was increased to 550 feet. The arrangement 

as adopted is shown in fig. 31.

The north pier was commenced in 1875 and the south pier two years 

later. Unfortunately, as the worlc was carried out from the coast-line, the 

sand accumulated about it to the southward so rapidly as to cause the line 

of foreshore to keep pace almost with the work. It was only by pushing 

forward with despatch in the intervals between the monsoons that the walls 

were eventually got ahead of the sand drift. They reached their respective 

pierheads by the year 1881.

At this epoch a disastrous cyclone occurred. On 12th November 1881, 

the sea swept over the breakwaters from both sides of the harbour, damaging 

the work to an enormous extent. Blocks of 27 tons a-piece were dismantled 

and flung into the inclosure, the walls were undermined by the scour (in 

places to the unprecedented depth of 22 feet below water) and some of the
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work even fell outwards under the pressure of the water pent up within the 
harbour.

In consequence of this disaster, the walls, after repair, were raised an 

additional 9 or 10 feet in height, and this has so far proved satisfactory, for 

no case of overflooding has since occurred.

The incident afforded an opportunity for a review of the design with the 

object of ascertaining whether any modifications were desirable. In 1883, 

a local Committee convened at Madras to consider the official report of Sir 

John Hawkshaw, Sir John Coode and Professor Stokes, recommending a basis 

of reconstruction, advocated the adoption of an improvement scheme of their 

own, with a new entrance facing north-east. In assigning their reasons for 

wishing to abandon the original entrance, the members stated that :

No matter what the direction of the wind, the unceasing swell on this 

portion of the coast rolls in with the crests of the waves parallel, or very 

nearly so, to the coast-line. In no case is it believed that the angle exceeds 

30 to the general line of the coast. The result is that seas enter the present 

mouth freely, and, owing to the small length of the harbour, are not dispersed 

before reaching the shore at its base. The action is, of course, greatly 

intensified during storms, and particularly with the wind from the east. At 

such times, the sea inside the harbour, though not so high as outside, is 

certainly of a dangerous character, being exceedingly broken. Taking these 

and other facts into considération, the committee have to record their 

opinion that unless means be found for closing entirely the present entrance, 

no radical eure will have been applied to the chief defect of the work as at 

present designed.”1

In 1887 they issued a further statement.

“ It is agreed on all hands that, owing to the frequently disturbed state 

of the water, the facilities for landing and embarking passengers, cargo, etc., 

offered by the harbour, are very much restricted, nor would it be feasible for 

the same reason, to use, without serious interruption, wharves or jetties 

along the shore-line, or to keep in safety within it such improved lighters, 

tugs, and other harbour craft as would greatly inerease its value as a trading 

port. Much cargo is said to be lost overboard in the process of transhipment, 

and, for want of tugs, no sailing vessels use the harbour at all.2

“ The present or east entrance we believe to be the easiest and safest for 

ingress or egress, but not only does it admit the sea in the manner described, 

but we are of opinion that the time is not very far distant when the depth at 

the entrance will be so far reduced as to become too shallow for the larger 

class of vessels frequenting the port.

“ The alternative is an opening in the north-east corner with a covering 

arm. This is the plan favoured by the Madras Board, and to this we have 

given our most careful considération.

“The opinions of the captains of steamers frequenting the port differ 

materially. Some see considerable difficulty and danger in taking an

1 Official Papers, Madras Harbour, 1902, p. 39. 2 Ibid, p. 53.

3
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entrance so placed ; others see none. We give it as our opinion that, 

although it may not be so easy of ingress, and ships may be detained outside 

more frequently than at present, the increased difficulty is not sufficient to 

condemn it.”1
The recommendation was, however, set aside by the Secretary of State, 

and the work proceeded in accordance with the original design.

The allusion to the silting of the eastern entrance indicates another 

difficulty of the situation. Both prior to and since the completion of the 

works, the entrance has shown manifest indications of shoaling, at the rate 

of about one foot per annum. Although disquieting, this is not a cause of 

immediate anxiety, in that there is still at the present date something like 

34 feet depth of water to meet the requirements of vessels which do not reach

Fia. 32. —Madras Harbour. Proposais by Madras Special Committee, 1887.

that draught by 10 feet or more. Still, in view of future increments, the 

matter called for attention. Dredging operations have been put in hand and 

the evil has been checked, one month’s work sufficing to remove a year’s 

deposit.
Although shelved for the time, the project of a north-east entrance 

revived, and in 1902 practically the same recommendation as that put forward 

in 1883 was endorsed by an advisory committee, consisting of Sir Charles 

Hartley, Sir George Nares, and Sir William Matthews. An extension to the 

covering arm was added, making it 1600 feet long. The plan which is shown 

in fig. 30 has now received official sanction and is in course of execution. It 

is expected to be completed by the year 1910 or 1911.

The objections which have been urged against the scheme are the follow- 

ing :—(1) That it will entail the removal of part of the existing breakwater— 

1 Official Papers, Madras Harbour, 1902, p. 54
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a  d if f ic u l t  a n d  u n c e r ta in  o p e r a t io n  ; ( 2 )  th a t th e  c o v e r in g  a r m  w ill b e  c o s t ly  

o n  a c c o u n t o f th e  s t re n g th  r e q u i r e d  to  r e s is t  a  b r o a d s id e  a t ta c k ; ( 3 )  th a t  th e  

a r m  w ill f a v o u r  th e  t r a v e l o f  l i t to r a l  d r i f t , a n d  le a d  to  s h o a l in g  in  th e  n e ig h -  

b o u r h o o d  o f  th e  n e w  e n t r a n c e  ; a n d  ( 4 ) th a t th e  la t te r  w ill b e n a v ig a b le w ith  

d if f ic u l ty  in  a  h e a v y  s e a . N o n e  o f th e s e  o b je c t io n s , h o w e v e r , c a n  b e  h e ld  

to  p o s s e s s s u f f ic ie n t f o r c e to  o v e r r u le th e c o n c lu s io n c a r e fu l ly  a r r iv e d  a t ,  

th a t  th e  e x is t in g  a r r a n g e m e n t i s u n s a t is f a c to r y  a n d  n o  lo n g e r m a in ta in a b le .  

T h e y p o s s e s s n o  in s u p e r a b le d r a w b a c k in th e m s e lv e s , a n d  th e s c h e m e i s  

u n d o u b te d ly th e  b e s t m o d if ic a t io n  w h ic h c a n b e d e v is e d  in th e l ig h t o f  

lo c a l e x p é r ie n c e .

F o r m u c h o f h is in f o r m a tio n  r e s p e c tin g  th e  P o r t a n d  i t s h is to r y , th e  

a u th o r i s in d e b te d  to  th e  c o u r te s y  o f M r  F . J . E . S p r in g , C .I .E . , th e  c h a i r -  

m a n  a n d  e n g in e e r  o f  th e  H a r b o u r  C o m m is s io n e r s . T h e  f o l lo w in g  in te r e s t in g  

o b s e r v a tio n s  a r e  d ir e c t f r o m  th e  p e n  o f  th a t  g e n t le m a n  :—

“  M a d r a s  H a r b o u r  m a k e s  n o  p r e te n c e  o f o f f e r in g , n o r , o w in g  to  i ts  s i tu a ­

t io n , c a n  e v e r p r e te n d  to  o f f e r , s h e l te r to  s h ip p in g  in  v e r y  s e v e r e  w e a th e r .  

F o r , th o u g h  th e  a r t if ic ia l b r e a k w a te r s a r e  f in is h e d  a t a  h e ig h t o f 1 2  o r  1 4  

f e e t a b o v e  s e a  le v e l , th e y  c a n n o t , a t  th a t h e ig h t , s h e lte r th e  s id e s o f m o d e r n  

s te a m e r s f r o m  w in d s , th e  f o r c e  o f w h ic h  m a y  a v a i l to  b r e a k th e m o o r in g  

c h a in s . T h e r e a r e in th e h a r b o u r n in e b e r th s f o r la r g e s te a m e r s , w ith  

p e r m a n e n t  b o w  a n d  s te r n  b u o y s , th e  b o w  b u o y  c h a in  b e in g  3 |  in c h e s  d ia m e te r  

a n d  th e  s te r n  b u o y  c h a in  2 ^  in c h e s  d ia m e te r . B u t  in  h e a v y  w in d s  th e  v e s s e l ’s  

o w n  s te r n  l in e s  s o m e t im e s b r e a k ; a c c o r d in g ly , th e  m o o r in g s a r e  s o  a r r a n g e d  

th a t e a c h  v e s s e l m a y  s w in g  r o u n d  c le a r o f e v e r y  o th e r v e s s e l a n d o f th e  

b r e a k w a te r s .

“ T h e  b r e a k w a te r s , h o w e v e r , v e r y  g r e a t ly  m itig a te th e  r o u g h n e s s o f th e  

w a te r  w ith in  th e  h a r b o u r , a n d  s o  e n a b le  th e  b a r g e s  a n d  l ig h te r s  lo c a l ly  in  u s e  

— o f  f r o m  2  to  1 0  to n s  b u r d e n  o n ly — to  c a r r y  c a r g o  in  a l l w e a th e r s b e tw e e n  

s h ip  a n d  s h o r e . T h e  w a te r  i s  n o t , h o w e v e r , a lw a y s s m o o th  e n o u g h — th a t i s , 

f r o m  tw e n ty  to  th i r ty  d a y s in  th e  y e a r i t m a y  n o t b e s m o o th  e n o u g h — to  

a l lo w  s h ip s to  l ie  a lo n g s id e  je t t ie s .

“ I t  i s  in  v ie w  o f  o b ta in in g  s m o o th e n o u g h  w a te r w ith in  th e  h a r b o u r f o r  

s h ip s  to  l ie  a lo n g s id e  p e r m a n e n t  je t t ie s  th a t th e  s c h e m e o f h a r b o u r im p ro v e -  

m e n t, n o w  in  h a n d  a n d  to  c o s t s o m e £ 3 7 5 ,0 0 0 , h a s b e e n in i t ia te d . T h e  

s c h e m e  in  q u e s t io n  i s  e x p e c te d  to  b e  c o m p le te d  b y  th e  y e a r 1 9 1 1 , a n d  i t w ill  

th e n  b e  t im e  e n o u g h  to  c o n s id e r w h e th e r  th e  v o lu m e  o f t r a d e  i s l ik e ly  to  b e  

s u c h  a s  to  w a r r a n t th e  e x p e n d i tu r e  o f  p e r h a p s  £ 2 0 0 ,0 0 0  m o r e  in v o lv e d  in  th e  

e r e c t io n  o f p e r m a n e n t je t t ie s  f o r s h ip s ’ u s e . M a d r a s i s n o t , a n d  p r o b a b ly  

n e v e r w il l b e , a  te r m in a l p o r t , w h e r e  s h ip s c a n  d is c h a r g e  a n d  ta k e  in  f u l l  

c a r g o e s . B y  f a r th e  g r e a te r n u m b e r o f v e s s e ls to u c h in g  th e r e  e i th e r h a v e  

o n ly  a  f e w  h u n d r e d  to n s  to  p u t  o u t  a n d  ta k e  in , o r  d is c h a r g e  f u l l c a r g o e s  a n d  

g o  e ls e w h e r e  f o r  r e tu r n  c a r g o e s ; o r , a g a in , c o r n e  f r o m  o th e r  p o r ts  f o r  w h o le  o r  

p a r t  c a r g o e s . F e w  v e s s e ls , th e r e f o r e , s e e m  l ik e ly  to  n e e d  th e  c o n v e n ie n c e o f  

q u a y s e r e c te d  a t a n  e x p e n s e w h ic h  m u s t p u t a  p e r m a n e n t b u r d e n o n th e  

t r a d e  o f  th e  p o r t  a n d  a  f a i r ly  h e a v y  ta x  o n  th e  to n n a g e  o f g o o d s u s in g  s u c h
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quays, if the dues necessitated by the extra expenditure are confined to goods 

using them.
“ But Madras may be made au improved port for shipping if a better dass 

of barge can be used than the 2 to 10 ton lighters now in use. At present no 
private owners, nor the Port Trust, can be expected to invest money in such 
plant as tugs and 100-ton barges, which are practically certain to be wrecked 
when a cyclone occurs, as it must occur once in some eight or ten years’ time. 
The existing small craft corne ashore and not much harm is done, but bigger 
craft would be wrecked to a certainty. Therefore the Port Trust authorities 

have recently excavated a 6j-acre basin for such vessels, as well as for the Port’s 
own dredging-plant, the floating timber trade, etc., and they have it in con­
templation to provide a few self-propelling 100-ton lighters, which, pending their 

replacement by private enterprise, will be worked between ship and shore by 
the Port authorities. There are now in use two steel jetties, one 800 feet long, 

for imports, and the other 350 feet long, for exports. Another export jetty, 
fully equipped with modern hydraulic cranes, is about to be erected, as well 
as some wharves at the harbour breakwaters, alongside of which coal-ships 
can lie and discharge during, probably, 300 days in the year. The new north- 
eastern entrance, under its sheltering arm, and the closing of the old entrance, 
will enable work to be done with far greater comfort and convenience and 
less relative motion between ship and lighter or ship and coal-wharf than is 

now possible.”
Respecting the shoaling difficulty, Mr Spring adds :—
“ The sandy shore of the thousand or so miles of the eastern coast of 

India is continually being acted upon by surface waves dashing upon it, for 

part of the year with a north-western set, and for part of the year with a 
south-western set. The resultant of these two sets has a north-westerly trend, 
and the effect is that wherever an obstruction juts out from the shore, e.g. 
such an obstruction as is offered by a harbour arm, there is necessarily an 

accretion of sand to the south of it, and the contrary, in the form of erosion, 
to the north of it. The accretion is greatly assisted in its formation by the 

effect of the wind upon the sand thrown up on the shore by the surface 
waves; for it will be understood that in a tropical climate the sand is very 
quickly dried by the intense solar heat. The prevailing winds, blowing for 
months together in one direction, bear the dried sand landwards, and pile it 

up until its level is from 3 to 5 fect above the level of high water. Such an 
accretion, to the extent of some hundreds of acres, has found itself on the 
south side of Madras harbour, affording valuable land for various port 
purposes. It is in this accretion that the 6|-acre boat basin, previously 

alluded to, has been excavated.
“ The sandy accretion has now extended itself nearly out to the extremity 

of the south harbour arm, and the sea current, running for several months 
in the year northward past the entrance, can be seen laden heavily with sand 

in suspension, which, naturally, is being dropped in the entrance. The 

entrance has thus, in the last ten years, been steadily shallowing at the rate
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of about one foot annually. But lately it has been found, since the Port 

authorities have become possessed of a modern 1000-ton suction dredger, that 

a month’s work in the year easily overtakes the annual silting.

“ When the old entrance is closed in 1911, the sand will undoubtedly tend 

to flow in the current, past the closed entrances and northwards to the end 

of the new sheltering arm, there to be dropped in the still water formed by 

that arm near the new entrance. But there seems no reason to fear that 

modern dredging methods will not be equal to coping with the difiiculty.”

Whitby Harbour. — The town of Whitby, lying at the mouth of the 

river Esk, affords an instance of a fishing harbour maintained chiefly by tidal 

scour. There are two piers at the entrance, the west pier originally projecting 

considerably further seaward than the east pier. The meeting of the flood- 

tide, however, with the river current, produced an eddy just within the west 

pierhead, leading to slack water and shoaling.

Thus, a vessel desirous of entering the harbour had to go nearer the east 

pier in order to avoid the bar ; in so doing it was in danger of losing steerage- 

way, owing to the strength of the flood-tide (which flowed eastward at a 

considerable rate), and tended to drift beyond the east pierhead before making 

the entrance. In order to minimise the trouble of the bar, some large stones 

were placed N.N.W. of the west pierhead below the water level, at which 

ships might safely enter the harbour. These stones acted as a groyne, 

tending to prevent the formation of the bar by arresting the eastward progress 

of the sand deposit.1

The remedy ultimately adopted consisted in prolonging the east pier until 

both pierheads were in a line parallel to the set of the tide. By this means 

the width between the pierheads was diminished by nearly one-half, the bar 

disappeared for a time, and heavy seas which formerly entered the harbour 

were perceptibly reduced. The projection of the east pier, however, caught the 

waves from the north-west, instead of allowing them to pass the entrance as 

before. These waves, passing into shallow water, stiried up the sandy bottom, 

becoming heavily charged with material. They swept along until they struck 

the inner face of the east pier extension, whence they rebounded within the 

harbour, and, reaching slack water, the sand which they carried was deposited.

Besides silting up the harbour, the decreased width of the mouth made 

the entrance exceedingly dangerous, as, owing to the rapid cross-flow of the 

tide, a vessel had great difiiculty in shooting in between the pierheads when 

running before a north-west wind. She might strike the east pier-end or 

drift on to the rocks beyond; or, if she effected an entrance, she might 

collide with the inner face of the extension.

The state of affairs was, therefore, far from satisfactory, and a further 

scheme of improvement has been decided upon and is about to be undertaken. 

Messrs J. Watt Sandeman and Son, the engineers, have favoured the author 

with the following observations, both in regard to the defects of the present 

harbour and the proposed remedial measures.

1 Vide Austen on Whitby Harbour, Afin. Proc. Inst. C.E., vol. clvi. p. 264.
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Fie. 33. —Whitby Harbour. Showing proposed improvements.
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“ Defects of the present harbour : (1) The shoal depth, narrow breadth, and 

irregular course of the entrance channel.

“At low water, the depth of the channel between the pierheads is about 

2 feet, and from the pierheads to the harbour quays it averages only about 

1 foot. This shallow depth causes detention to the largest class of herring- 

boats of from 2-^ to 5 hours, which greatly diminishes the value of the fish, 

particularly in hot weather.

“The breadth of the channel varies from 50 to 80 feet. Its course, 

instead of being midway between the piers, is close to the outer arm of the 

east pier, and at the inner end of that arm it takes a sharp bend. But the 

most dangerous feature is the sand-bar just outside of the pierheads, which 

dries several feet at low water, and which, owing to wave action from pre-

vailing northerly winds combined with the flood-tide, is continually tending 

to close the entrance channel, and, at times of drought in the river, does so.

“ Upon this bar, during storms, seas break so heavily that it is impossible 

for boats either to enter or leave the harbour, and this is also the case for 

some time before and after low water, even during moderate gales.

“ (2) The range of waves into the harbour. This is so great, that even 

during slight gales boats cannot lie in the outer harbour, and are obliged to 

go above the bridge for safety.

“ Proposed Works of Improuement.—The following works are the least 

which it would be necessary to uudertake in order to remedy the defects 

enumerated, and to render Whitby an efficient fishing port:

“ (1) Two new piers extending from the present pierheads to a permanent 

sea depth of 7 feet at low water.

“The necessity for such piers is, first, to enable that depth of water to be
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maintained in the entrance channel, chiefly by reducing the travel of sand 

from the west foreshore, and, secondly, to reduce the admission of waves and

Fig . 36. —Whitby Harbour. Front view of proposed wave trap.

consequently the range of sea into the harbour, and so render the harbour

safer to be taken by ships and boats during storms.
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“ (2 ) D red g in g  a  ch an n el to  a  d ep th  o f 7 fee t a t lo w  w ater fro m  th e n ew  

p ierh eads  u p  to  th e  b rid g e , an d w id en in g th e sam e fo r a len g th o f 7 0 0 feet  

in  fro n t o f th e  n ew  fish  q u ay .

“ (3 ) T h e  co n stru c tio n  o f a  n ew  fish  q u ay , 7 0 0  feet in  len g th .

“  T h ere is n o t a t p resen t su ffic ien t q u ay sp ace in th e h arb o u r fo r th e  

lan d in g  an d  sa le o f fish , an d  th e  ex is tin g  q u ay s w o u ld  n o t ad m it o f  a  d ep th o f  

7 fee t a t lo w  w ater b e in g  d red g ed  a lo n gsid e o f th em .

“  T h e  p ro m in en t p o sitio n  o f W h itb y  g iv es it a  g rea t ad v an tag e fo r sa ilin g  

b o a ts o v er em b ay ed h arb o u rs, su ch as S carb o ro u g h an d H artlep o o l, w h ere  

b o a ts o ften  lo se m u ch  tim e  b y  b e in g  b ecalm ed  ; w h ile  a t W h itb y , w h en th e re  

is an y  w in d  a t a ll, b o a ts g e t it im m ed ia te ly  o u ts id e o f th e  p ie rh ead s.

“  T h e  p o sitio n  o f th e  ra ilw ay  a t W h itb y , a lo n g sid e  o f th e h arb o u r an d a t 

th e  lev el o f th e q u ay s, is an o th e r g rea t ad v an tage as co m p ared w ith N o rth  

S h ie ld s , S carb o ro ug h , an d  o th e r h arb o u rs, w h ere fish h av e  to  b e  ca rted  u p h ill, 

a t g rea t ex p en se  to  th e  ra ilw ay .”

D an ish Is lan d H arb o u rs .1  — T h e D an ish Is le s an d th e P en in su la o f

F i g . 3 7 .  — P lan  o f  A rn ager  Is lan d  H arb o u r. F i g . 3 8 .  — P lan  o f  S n o g eb œ k  Is lan d  H arb o u r.

Ju tlan d  h av e  an  a rea  o f o n ly  1 4 ,8 5 0 sq u are m iles an d a sh o re -lin e o f ab o u t 

3 2 7 4 m iles. O n a p art, p erh ap s ab o u t ^ th , o f th is len g th , p articu la rly o n  

th e  so u th  co ast o f th e  Is lan d  o f B o rn h o lm  in  th e  B altic , o n  th e  n o rth  co ast o f  

Z ea lan d  fac in g  th e C atteg a t, an d o n th e n o rth an d w est co asts o f Ju tlan d , 

fac in g th e S k ag errack an d th e N o rth S ea , co n stru c tio n o f h arb o u rs is  

ren d ered  d ifficu lt b y  th e  litto ra l d rift. H ere  th e  is lan d  h arb o u rs a re  s itu ated . 

T w o o f th ese , a t A rn ag er an d S n o g eb œ k o n B o rn h o lm , w ere b u ilt in a  

ten ta tiv e w ay , in 1 8 8 3 an d 1 8 8 8 , w h ereas th e th ird  o n e a t H u n d ested o n  

Z ea lan d w as fo rm ed in 1 8 9 3 b y th e tran sfo rm atio n o f an o rig in a lly lan d -  

co n n ec ted h arb o u r. A ll th ree , sh o w n in fig s . 3 7 -3 9 , w ere b u ilt b y M r H . 

Z ah rtm an n . T h e  b asin s in clo sed  b y  rip rap  m o les a re fro m  4  fee t 6 in ch es to  

8 feet d eep , an d co v er a reas o f -2 7 , ’2 an d 1 '6 2 ac res re sp ectiv e ly , o r, in -  

c lu d in g th e o u te r b asin o f th e la tte r, 2 ’1 6 ac res . F ro m  th e m o les, o p en

1 P . V ed e l o n “  Is lan d H arb o u rs ,” Trans. Am. Soc. C.E., v o l. liv . P art A ., P ro c . In t. 

E n g . C o n f., 1 9 0 4 .
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viaducts, wooden or composite, from 330 feet to 660 feet long, lead to the 

shore, and are divided into from thirteen to twenty bays, which span openings 

from 20 feet to 30 feet wide.

On the coast of Denmark, tides are insignificant, hardly perceptible in 

Fig . 39. —Plan of Hundested Island Harbour.

the Baltic, not exceeding 1 foot in 

the Cattegat, and rising only to 

4 feet 6 inches in the North Sea near 

the Southern Boundary. Hence, 

any movement of material which 

takes place is not due to tidal action, 

bat to the action of the waves, com- 

bined, perhaps, with that of local 

currents, and, whichever of these 

agencies be considered, attributable 

to the effect of the wind.

The object aimed at by the three 

fishing ports seems to have been 

accomplished fairly well. At neither 

Arnager nor Snogebæk has material 

accumulated to an alarming degree ; 

it is pure quartz sand, the size of 

the grains being ’45 and '25 mm. 

respectively. At Hundested the 

drifting material is more hetero- 

geneous, consisting of a mixture of 

quartz sand with grains of ’25 mm. in diameter, gravel, shingle, larger 

pebbles, and good-sized boulders. Some accumulation has taken place inside 

the 5 m. contour, and banks have formed at the south-east mole and at the 

shore south-east of the port; but a state of equilibrium seems to have been

reached, in which these two banks play an important part.



CHAPTER III.

SURVEYING, MARINE AND SUBMARINE.

Soundings—Methods of Procedure—Appliances: Line, Chain, and Pole—Sutcliffe’s 
Apparatus—Maintenance of Alignment—Variations in Water Level- —Tide Gauges 
Current Observations—Floats—Localisation—Plotting Positions—Diving Operations 
Bells—Diving Dress and Equipment.

Marine Surveying”, while generally and appropriately considered as 

constituting a special department of maritime work, with a field and purview 

of its own, has at the same time certain of its operations so closely associated 

with the ordinary routine of harbour engineering that some reference to 

them, if not absolutely imperative, becomes, at least, eminently désirable.

It is not contemplated, however, to enter into any detailed explanation of 

the principles underlying the carrying out of a hydrographical survey, nor 

even to describe in outline the series of operations involved in the prépara­

tion of a chart of any portion of the coast-line for purposes of harbour 

design. Such matters, affording scope for no little mathematical investiga­

tion and requiring much elucidation of particular problems, are to be found 

treated in geodetic text-books specially devoted to that end; and even 

supposing that this were considered an appropriate course to pursue, it would 

hardly be possible to deal with the questions which would inevitably arise, in 

a manner at once sufficiently comprehensive and succinct for inclusion within 

the limits imposed by the requirements of this treatise.

The operations more immediately concerning the engineer in the actual 

constructional and maintenance work of a harbour are, (a) the taking of 

soundings, and (6) the determination of the direction and velocity of tidal 

and fluvial currents. Our observations, therefore, will be confined to these 

points.

Soundings.—The taking of soundings is a very common operation in 

navigation, but the appliances used in that connection and the methods in 

vogue are by no means identical with those characteristic of harbour practice. 

In the latter sphere much greater precision and accuracy are essential than 

can be afforded by the somewhat rough and ready appliances employed in 

connection with shipping.

Manifestly the simplest way of taking a sounding, that is, of ascertaining 

the depth of water at any spot, is to lower a pole or weighted line until the 

bottom is rcached. If the pole or line be graduated to linear measure, the

43
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depth can be read directly therefrom. This method is perfectly satisfactory 

when performed from a statiouary base, as, for instance, when the operator is 

standing on a quay wall or on a boat which is moored, and in this way it is, 

of course, only applicable to single dips.

When it is desired to take a series of dips along a given line in any 

direction, the base, if afloat, must obviously be movable ; and while a boat, no 

doubt, may be alternately moved and moored so as to fulfil the condition 

stated above, yet the process would be slow and tedious. It is evidently 

preferable to adopt some method of taking soundings in close and un-

Tag-
Copper Link.

%2 Steel

^^Tag

Tag.

Lead

Fig . 40. — Wire 
Sounding-line.

Brass 

rLinks

Copper Link.

Brass 

Links

nCopper Link.

Lead

Fig . 41. — Chain 
Sounding-line.

interrupted sequence while the boat is in 

continuous motion..

Lowering a pole or line under these 

circumstances would lead to inaccurate 

readings, as, by the time the bottom was 

reached, the travel of the boat would have 

produced considérable inclination in the 

instrument, so that it was no longer ver­

tical. Seamen get over this difficulty 

by throwing or heaving the lead, which 

weights the line, some distance ahead of 

the boat, giving it time to reaoh the 

bottom before the boat passes perpendicu- 

larly over it. The reading is then taken 

at the moment of verticality, as near as 

can be judged.

The method is somewhat rough and 

crude, but, except in deep water, it gives 

fairly reliable results. The hand-lead, 

ordinarily used for the purpose, has alength 

of line not exceeding 30 fathoms, which is 

more than ample for any engineering re- 

quirements. The length of line for pur-

poses of harbour soundings need hardly exceed 50 or 60 feet, and very 

often much shorter lengths than this will serve.

The line, if of hemp or wire, is graduated by tags of different texture, 

shape, and colour, so as to be identified by night as well as by day (fig. 40). 

Strips of woollen material, cotton, leather, serge, and even string, are utilised to 

give variation. If a chain line be used, copper-stamped links are substituted for 

the tags (fig. 41). A Chain is preferable to a hemp line on account of the 

excessive shrinkage of the latter, amounting, when new, to as much as 5 per 

cent, during the course of a day’s work. New lines should, in fact, be 

avoided for this reason, and all lines should be well wetted just before use. 

Finally, they should be tested frequently—before and after each line of 

soundings, if possible—by some standard length, which, for all practical 

purposes, may be marked on the boat itself.



SURVEYING, MARINE AND SUBMARINE. 45

A seaman’s lead is usually an octagonal bar, weighing from 8 to 10 Ibs. 

For engineering work, a flat disc weighing about 5 Ibs. is more suitable, as 

there is less tendency for a lead of this shape to sink into mud or other soft 

material. If, however, it be desired to penetrate through the mud to firm 

ground, a bar or ball must be employed.

For soundings in shallow water, in depths, say, not exceeding 20 or 25 feet, a 

pols is sometimes used. As regards convenience in handling, white pine, which 

is light, forms the best material from which to make it. The pole is either 

circular in section, or oblong, about 2 inches by 3 inches, with hollowed faces, 

painted and graduated in feet and quarter-feet ; sometimes in feet and inches. 

It should be shod with a flat-bottomed shoe for the reason stated above, and 

the weight of the shoe should be just sufficient to assist in sinking the pole 

to the bottom, and no more. The manipulation of a long pole, however, is by 

no means an easy matter, and it is only or mainly used for minor purposes.

The drawback attaching to all these appliances—line, chain, and pole—is 

their liability to miss some prominent protuberance in the bottom due to 

the isolated nature of the dips and the distance which lies between them. 

Except in perfectly still water, it is necessary to keep the boat moving at a 

certain rate in order to steer it and prevent it from being deflected out of its 

course by the current. It is difficult, therefore, under ordinary circumstances, 

to take soundings with the lead line at intervals of less than 10 feet. And 

a good deal may lie hidden in 10 feet. As a matter of fact, soundings are 

frequently taken at much greater distances. Furthermore, there is the 

effect of wave motion, which interferes very materially with the accuracy of 

the readings.
For these reasons, and for others which it is unnecessary to enumerate, a 

more complété and reliable system of recording depths in connection with 

harbour work is highly desirable, and a number of attempts have been 

made to supply apparatus which will conform with the requirements of the 

case. Chemical and electrical agencies have been proposed, and tested with 

varying, but generally unsatisfactory, results. They are too sensitive in 

action and too delicate in adjustment for use in exposed situations amid 

unstable surroundings. Whatever possibilities they may contain, at any- 

rate they have not yet been put into a working form, and mechanical ap­

pliances still seem to supply the only practicable means of dealing with the 

problem.
For sounding work in estuaries, harbours, and coastal inlets generally, the 

most serviceable and efficient machine with which the author is acquainted 

is one designed and patented by Mr Fielden Sutcliffe of Liverpool. Having 

had occasion to use it many times, the author feels in a position to speak 

authoritatively on its capabilities, and he has no hesitation in testifying to 

its value. The following is a description of the machine.

Suteliffe’s Sounding Apparatus.—The apparatus illustrated in ligs. 

42, 43, consiste of three parts: the Sounding Machine (shown fitted up on 

a boat), the Horizontal Distance Measurer, and the Section Plotter.
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The Sounding Machine consists of a wheel wîth a grooved rim, on which 

is wound the sounding line, a fine steel wire having the lead attached to its 

free end. The wheel is mounted in a frame which is arranged for damping 

to the gunwale of a boat at its starboard quarter. The sounding-boat is also 

equipped with a sprit and a leading block fitted over the starboard bow.

On the back of the wheel is a spiral reel, on which a second line, called 

the “ Preventer Line,” is wound. The free end of this line, after being 

passed forward and through the sprit block, is taken back to the lead to 

which it is attached, the line thus forming a right-angled triangle. The 

function of the line is to prevent the trailing of the lead astern of the 

boat when the latter is moving. It not only ensures the verticality of each 

dip, but it also enables the lead to be maintained within a few feet of the 

bottom, so that dips may be taken frequently and regularly. Any casting 

forward of the lead is entirely obviated. The wheel and the reel are so 

proportioned relatively to each other and to the horizontal line from the 

wheel to the sprit block, that they each pay out or take in the requisite 

amount of their respective lengths to maintain the lead-line vertical at all 

deptbs of its range.

The wheel measures 10 feet in circumference at the bottom of its rim 

groove; consequently, the length of sounding line paid out per revolution is 

10 feet, with fractions of a revolution in proportion.

At the front of the wheel frame there are two scales, along which a 

pointer is caused to travel at a rate proportional to the vertical travel of the 

lead. These scales are adjustable; one may be set so that the pointer indi- 

cates upon it the absolute depth below the surface level, while upon the 

other is indicated the depth relative to any assigned datum line. Indications 

are also afforded by the rim of the wheel, which is graduated and provided 

with a fixed pointer.

In taking soundings with this machine, the operator first sets the lead at 

the surface of the water with zero on the wheel at the fixed pointer, and the 

scales adjusted to the movable pointer.

He then grasps the rim of the wheel with his left hand, releases a catch 

with his right hand, and allows the wheel to revolve until the lead strikes 

the bottom; then, reversing the motion of the wheel, he reads from the 

pointers the depth indicated at the instant he feels the sounding line become 

taut. Continuing the movement a little further, he raises the lead clear of 

the bottom in readiness for the next dip.

The operator is assisted in the picking up of the slack line by the reaction 

of a coil spring on the wheel axle.

The Horizontal Distance Measurer consists of a drum on which is wound 

a length of fine steel wire. The drum is mounted, with its axis vertical, in 

a bracket fixed at the stern of the sounding-boat. As the boat moves away 

from its starting-point, to which one end of the wire is attached, the drum 

rotates and pays out the wire, the unwinding being regulated by a hand- 

wheel and screw acting upon a band brake. The revolutions of the drum



Fig . 42. —Sutcliffe’s Sounding Apparatus. [Tofa.ce p. 46.
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are made to indicate on a counter the length of wire paid out, or to act in 

conjunction with the Section Plotter.

The Section Plotter is a device for recording on paper a line of soundings 

to scale, without the necessity for any intermediate bookings. By its means 

a band of paper is made to traverse at right angles the track of the movable 

pointer of the sounding machine at a rate proportionate to the paying out of 

the distance line. Thus the pointer, the motion of which across the paper

Fig . 43.—Mechanism of Section Plotter in Sutcliffe’s Apparatur

represents the amount of rise and fall of the lead, acquires relatively to the 

paper a second movement corresponding to the horizontal travel of the lead. 

The pointer carries a marker, sprung just clear of the paper, and the operator, 

on taking a sounding, has only to tap the marker with a finger of his right 

hand in order to record the sounding on paper, by means of a dot which 

denotes the position of the lead on the section plane, both vertically and 

horizontally.

There are a number of ingenious details by which the apparatus is rendered
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fully efficient for the purposes stated above. It would, however, take too 
long to enter into these, and we must dismiss the subject at this point in 
order to return to the main theme under considération.

In the example (fig. 44) of a line of soundings taken and plotted by 
Sutcliffe’s Apparatus, the letters A, B, C, D represent the position of cross 
sights, by means of which the operator verifies his distances.

During the process of taking soundings in a tideway, two points demand 
the constant attention of the operator. One is the alignment of the dips, and 
the other is the mutation of the water level.

Alignment is difficult to maintain in a cross current, and the boat needs 
to be carefully watched to see that it does not drift out of its course. If a 
line of soundings be taken from the shore or quay out towards the open, a 
couple of poles or other suitable uprights, one at the water’s edge and the 
other some 30 or 35 feet back, should afford adéquate guidance. When the 
bank is steep, it may be necessary to give the rear pole greater elevation than 
the other in order to be able to range them both with the eye from a lower 
level. If a line of soundings lie between two fixed points, such as stakes 
fixed into opposite banks of a river, the distance between them not being very 
great, a rope may be stretched taut from one to the other. In this case, by 
providing the rope with tags at regular intervals, the exact distance of each 
sounding can be recorded. When there is only one fixed point, distances may 
be read off a cord or rope, similarly tagged, and paid out from the boat as 
it proceeds. Failing this, the position of the boat at each dip must be fixed by 
angular measurement from the shore, with the aid of the sextant or théodolite.

Variations in the Water Level should be noted at regular and stated 
intervals (say every ten or fifteen minutes) by an observer stationed at a tide- 
gauge adjacent to the site of operations. 
The operator in the boat also notes the 
dips which correspond to the same in­
tervals of time, and, by subséquent com- 
parison with the tide-gauge readings, the 
proper correction can be made by which 
all the soundings are referred to one 
datum line, either local and temporary, 
or established and general.

A Tide-gauge is an appliance for 
the purpose of indicating changes in the 
sea surface level. In its simplest form 
it consists of an upright stake or post 
(fig. 45) driven into the shore or bank, 
and graduated to linear measure. In 
some situations a single post may suffice 
to indicate the whole tidal range; in 

Stones
Stones

Fia. 45. —Temporary Tide-gauge on Beacli.

other cases a number of posts may be necessary, extending across a sloping 
shore from high water level to low water level and forming a series of steps.

4
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In cases where there is any swell, the gauge may consist of a rod or 

indicator, with a float at its lower end inclosed in a tube, the bottom of whieh 

is perforated as shown in fig. 46. Such an apparatus may be affixed to a quay 

or other vertical wall.

In important localities it is customary for tide-gauges to be more

Fia. 46. —Tide-gauge for use in rough Fie. 47. —Tide-gauge House on Quay Wall, 
or choppy Water.

elaborately constructed and to possess self-registering apparatus. A well or 

tube in free communication with the sea is fitted with a float supporting a 

graduated upright stem, which passes upwards to a scale and pointer. For 

self-registering purposes the float js çonnected by means of a chain or cord
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with a movable pencil suitably situated so as to mark the surface of a paper­

covered cylinder, which is rotated by clockwork.

In taking soundings, it is necessary to have a tide-gauge immediately 

adjacent to the scene of operations, and when the scope of these is extensive, 

several gauges at varions points will be required, because fluctuations in the 

water level are frequently local, and they are by no means uniform.

Examples of permanent tide-gauge stations are shown in figs. 47 and 48: 

one situated at the edge of a quay wall, and the other on a river bank. In

Tank for Flushing 

IPurposes

Fig . 48.—Tide-gauge House on River Bank.
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muddy places a flushing bank is provided for cleansing the gauge well and 

maintaining free access of water to it.

The Determination of Currents.—It is important to the engineer 

to know the directions taken by tidal currents at various times during the 

day, and to observe their relation in regard to the configuration of the coast- 

line and the maintenance of navigable inlets. To acquire this knowledge, 

he has in many instances to fall back upon personal observation, and one of 

the earliest steps in connection with the laying out of harbour work will be 

to acquire the requisite data in regard to current flow.

Floats.—The most obvions method of observing the set or direction of 

a current is by means of some floating object. Any substance drifting upon 

the surface of the water affords a means of recognising the trend of tide or 

stream. Yet it must be pointed out that so simple an expédient—despite 

its apparent reliability—is not without very serious drawbacks, and that its 

universal efficacy is by no means to be taken for granted.

In the first place, paradoxical as it may seem, the topmost layer of the 

water may flow in a different direction to the lower layers or main body. 

Fresh water has a less specific gravity than salt water, and does not readily 

mix with it. A fresh-water stream, encountering a tidal inset, will therefore 

flow over it for some distance before becoming incorporated therein. The 

wind also is capable of exerting so powerful an influence on the surface of a
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body of water in motion as to make it move directly counter to the under

Fio. 49. — Float.

Sheet lead about 
Hb. we/ght ; exact 
Weight required 

determined by 

experiment.

portion. Then again, there are cross channel 

currents producing a spiral action, in such 

a manner that the particles of water move 

across the bottom in a totally different direc­

tion to that which they take along the 

surface.

And not only is direction affected, but 

velocity is very much more involved. The 

velocity of a moving stream varies very 

materially throughout its depth. The 

maximum lies about midway between the 

surface and the bottom, at both of which 

points there are sources of retardation, due, 

in the former case, to aerial movement, 

and, in the latter, to friction with the 

ground.

This being so, floats for determining 

the flow of currents should extend some 

depth into the water so as to partake of 

the influence of as many layers as possible.

Furthermore, for purposes of observation,

they must project sufficiently above the surface level to be accurately 

observed, without exposing too great a surface to wind pressure.

A circular or square pole with a wooden 

cylinder or prism at its lower end, weighted 

so as to float vertically, affords a suitable 

form of instrument. Such an indicator is 

shown in fig. 49.

There are two ways of taking the neces- 

sary observations, which fix the location 

of the pole at any desired point of time.

Fio. 51.

In the first method, two operators, each with theodolite or sextant, are 

stationed at a fixed distance apart along a base line on the shore (fig. 50). At 

concerted signals each operator 

measures the angle subtended 

by the line joining the other 

operatorand the float. The in­

tersection of the lines forming 

these two angles respectively 

determines the position of the 

float at the time of observation. 

For the second method (fig. 

51) one operator will suffice, but

he must generally be provided with two sextants. Following closely in a
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boat the course of the float, at any assigned moment and as rapidly as possible, 

he takes the readings of the two angles 

which the float makes with three fixed 

objects ranged along the shore frontage, 

conveniently situated as near as possible 

abreast of his position and preferably co­

linear or nearly so.1 These angles having 

been plotted on a piece of tracing paper, 

the latter may be adjusted over a plan 

so that the three lines pass through the 

fixed points on the shore. When this con­

dition is fulfilled—and there is only one 

Station CStation 
A

Station B 

Fig . 52.

position corresponding to any pair of angles,—the point may be pricked through.

A station-pointer may be used in place of the tracing paper. This instru­

Fig . 53. — Float used on 
River Avon.

ment has three long flat arms, or splayed straight- 

edges, all radiating from a common centre. A 

graduated circular arc on the middle arm, with 

vernier indices on the side arms, enables the instru­

ment to be accurately adjusted to any given com­

bination of angles. This performed, the instrument 

is laid upon the plan so that the straight-edges pass 

through each of the given stations. The point of 

intersection of the arms is then pricked through as 

before.

It has been remarked that for this method of 

locating the position of the float, two sighting in­

struments are generally necessary. It is manifest 

that the observations must be as simultaneous as 

possible. Any hurry in reading the first angle 

prjor to adjustment for the second would lead to 

error. It is preferable, therefore, to fix both angles 

and defer the readings of either until that has been 

done. As a check, the angle containing the two 

subsidiary angles may also be read, but this in­

volves the provision of a third sextant, with, pro- 

bably, the aid of another operator.

Besides the staff or pole, other forms of float are 

available. On the river Avon an empty 5-gallon oil- 

drum has been used, sunk to almost complété immer­

sion and ballasted by a basket of stone attached 

below it in the manner shown in fig. 53. On top of 

the drum is fixed a sighting mark consisting either of a semaphore, flag, or disc.

1 The method fails if all four points lie on the circumference of a cirole (fig. 52). All 
angles in the same or equal segments of a circle are equal. Thus the angles P]=the 
angles Ps.
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For purposes to which no great acouracy is essential, any convenient 

buoyant object may serve, such as an empty keg or barrel, and in positions 
where a small object can be easily seen, an angler’s float will do admirably. 
Small pieces of cork or wood suggest themselves as equally utilisable. An 
orange makes a good float under convenient circumstances of visibility. Its 
spécifie gravity is very little less than that of water ; hence it floats nearly 

wholly immersed, exposing little or no surface to atmospheric action.
Diving".—Perhaps the most interesting, not to say romantic, feature of 

harbour engineering work is the use of diving apparatus in connection with 

the preparation of submarine foundations. A very large proportion of the 
operations necessary to the satisfactory stability of breakwaters and quays 
has to be conducted under water, and rnuch of it would be almost inipracticable 
without the aid of diving-bells and diving-dresses. Natives of the East 
Indian Seas engaged in pearl fisheries do, it is true, remain under water for 
appreciable periods without any special apparatus for the supply of air, but 
the strain is very great, causing bleeding at the nose, mouth, and ears, and if 
unduly prolonged, leading to fatal results. Apart from these physical effects 

upon the agents engaged, there is rauch interruption to the operations, which, 
in the case of structural work, would be inimical to its satisfactory accomplish- 
ment, and the haste with which the operations have to be performed would 
be incompatible with the exercise of care and accuracy. A regular and con­
stant supply of atmospheric air to workers below the surface enables them to 
remain on duty for some time without any serions discomfort, and for this 

reason alone the use of air chambers and diving suits has become an intégral 

accompaniment of all maritime operations.

The Diving’-Bell (fig. 54) is a metallic chamber of sufficient capacity to 
accommodate any number of workers, frora one man up to a dozen or 
more. The chamber, which is formed of mild steel plates, carefully rivetted 
together and caulked so as to be absolutely water-tight, is suspended from 
the jib of a crane or overhead traveller, or from any lifting appliance afloat or 
ashore, and so raised and lowered as the case may be. In the interior are 
seats and footrests for the occupants during ascent and descent, and shelves 
for tools. Signalling gear is provided, and many bells are now fitted with 
electric light and with telephonic apparatus. In addition to this equipment, 
there are the necessary air-valves and pipes for maintaining a supply of fresh 
air at the required pressure. At the top and sides of the bell are observation 

lenses, affording a view of the environment. The bell is ballasted with cast- 
iron kentledge, placed in a special chamber, to enable the structure to sink 
without endangering its equilibrium. The size of bells varies very consider- 
ably. Two instances may be quoted as examples. The diving-bells used on 
the Dover Harbour Works were 17 feet long by lOj feet wide by 6| feet 
high, inside measurement. At Marseiiles the dimensions were 66 feet in 

length, 22 feet in width, and 6^ feet in height.
Diving-bells may be kept in comparatively free communication with the 

upper air by means of a cylindrical tube, carried up above the surface of the



Fie. 54. —Steel Diving Bell. [Toface p. 54.





[To face p. 56.F ig . 55. — Divers and Diving Bells at Dover Harbour Works.
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water and surmounted by a spécial chamber, known as an air-lock. This 

chamber has two tightly fitting doors ; one giving on to the open, and the 

other in to the tube. After entrance to the chamber from above or below, 

the door is closed and the pressure equalised with that of the bell or the 

atmosphère as the case may be. The air-lock thus forms a convenient means 

for the transmission of material to and from the base of operations—for the 

passing out of excavation and the taking in of stone and cement; and it 

becomes, in fact, essential, if the progress of the work is to be uninterrupted.

In many cases, however, owing to the bulk and weight of the foregoing 

apparatus, submarine operations have been mainly, and even entirely, carried 

on with the aid of individual divers, each equipped with a helmet diving-dress 

and capable of acting in perfect independence of any submerged chamber. 

Where the locality is free from currents, there can be little doubt that this 

method of working is preferable in many ways ; but a current exceeding 3 

miles per hour constitutes not only a trying force for the diver to contend 

against, but it throws considerable strain on the air-pipe and, to a less degree 

perhaps, upon the life-line. It must be borne in mind that a diver, when 

immersed, is a very buoyant object, and that he necessarily finds it difficult to 

withstand any powerful lateral force. It is comparatively easy for him to be 

swept off his feet, and even a moderate flow makes his foothold far from 

secure. The author recollects with painful vividness how one diver, engaged 

on submarine work at Liverpool, was suddenly sucked through a culvert to 

his death. There was gross negligence which contributed to the fatal result, 

but the incident illustrâtes the uncertainty of a diver’s equilibrium and the 

great risk he oftentimes runs.

Apart from this drawback, it must be admitted that work, as a rule, can 

be more expeditiously performed by men moving in perfect freedom over a 

large area than is possible when they are confined within a narrow space, where 

there is a limit to the number of men employable and the likelihood of their 

impeding one another’s movements.

Diving’Dresses. —The diver’s outfit comprises the helmet, the dress, the 

air-pipe and life-line, and the air-pump.

The helmet, which is spherical in appearance, is of highly planished tinned 

copper, as also is the breastplate or corselet to which it is connected, though 

gun-metal is sometimes employed for the latter. Connection is effected by 

means of segmental screw neck-rings of gun-metal, the joint being rendered 

perfectly water-tight by turning the helmet through an angle of 45 degrees. 

The breastplate is moulded to the shape of the shoulders on which it sits, 

sometimes with a padded bearing. It receives the collar of the india-rubber 

dress over a series of brass screws through corresponding eyelet holes. Gun- 

metal flanges and wing nuts form a secure and impervious connection. The 

headpiece is fitted with side and front lights in the form of round or oval 

plate glasses, set in brass frames, with stout wire-guards. The front glass is 

detachable by unscrewing, or hinged to open. Air should be introduced into 

the helmet in such a way as to pass closely over the surfaces of these glasses,
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so as to prevent thé condensation of the diver’s breath upon them. The other 

fittings of a helmet are the inlet and outlet valves of the air supply, the latter 

of which is equipped with a regulator, so that the diver can control his supply 

of air to a nicety. The inlet valve is so constructed that air is allowed to 

enter freely, but cannot possibly escape that way, and, in the event of 

damage occurring to the supply pipe, by closing the outlet valve, the 

apparatus would retain sufficient air to enable the diver to return to the 

surface.

The dress is in one complète piece, made of solid sheet india-rubber between 

double-tanned twill. It is fitted with vulcanised india-rubber cuffs and collar, 

the former being sufficiently close fitting to the wrists to prevent the entrance 

of water, and the latter pierced with holes to correspond with the damping 

screws of the breastplate. In English practice the number of these holes is 

about a dozen; in French practice, three. The cuffs have generally to be 

expanded with metal expanders, shaped like shoe-horns, to admit of the 

passage of the hands, but, in some cases, a bead is moulded on the edge of the 

cuff, which enables it to be rolled back over the hands. Should the cuffs not 

prove sufficiently water-tight, the writer has found it a good plan to bind the 

wrists with a band of moistened chamois leather before the cuffs are put in 

place.

As it is no uncommon occurrence for a little water to enter the dress 

through leakage, or occasionally through allowing the outlet valve to be 

open rather too widely, the diver, before putting on the dress, removes his outer 

garments and dons a guernsey, drawers, and stockings, as protection from wet 

and also as padding to his body. For deep or cold water these habiliments may 

be doubled or trebled. He wears a pair of canvas socks over the feet of the 

dress to protect it when walking about without shoes, and, if his work is 

likely to lead him into rough and rocky places, an outer suit of canvas overalls 

is désirable.

The boots are strapped on at the last moment before descending. They 

are either of specially stout leather, heavily shod with lead, or cast in brass 

with leather uppers. Additional weight is generally provided for the body 

of the dress by loading the breast and back with lead pads slung across the 

shoulders.

The diver’s personal equipment is completed by a leather waist-belt 

containing a knife in a sheath. India-rubber gauntlets may be added, but 

in this country most divers work without them.

The air-pipe is made of the best india-rubber hose with a core of either 

hardened steel wire, tinned to prevent rusting, or of brass or copper wire. 

The pipe may be made to float or sink by adjusting the weight of metal. It 

should be tested to a pressure of 200 or 300 Ibs. per square inch. After 

being screwed up to the helmet, the pipe is led and secured under the diver’s 

left arm, so as to be conveniently at his command, and thence it passes 

upward to the pump. A life-line of stout cord is fastened round the diver’s 

body. Both life-line and air-pipe are paid out together through the hands
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g en e ra lly  o f a  s in g le a ttend an t, th o u g li th ey  a re so m etim es in ch a rg e o f tw o  

m en . T h e  life -lin e  a lso  ac ts  as a  co m m u n ica tio n  co rd , acco rd in g  to a co d e o f  

p reco n ce rted  s ig n als , b u t th e  m o st m o d ern o u tfits a re fu rn ish ed w ith sp ec ia l 

sp eak in g -tu b es , o r w ith te lep h o n ic ap p a ra tu s , as a lso w ith an e lec tric g lo w -  

lig h t.

T h e  pump is u su a lly d o u b le ac tin g , w o rk ed b y a co u p le o f m en , w ith  

e ith e r s ing le , d o u b le , o r tr ip le  cy lin d e rs, acco rd in g  to  th e d ep th o f w ate r an d  

th e p ressu re req u ired . I t is fu rn ish ed w ith a g au g e in d ica tin g b o th th e se  

d a ta .

T h e q u a litie s n eed ed in a p ro fe ss io n a l d iv e r a re n o t ex cep tio n a l, b u t  

p re fe ren ce w ill n a tu ra lly b e g iv en to m en o f n e rv e an d in te llig en ce . T h e  

f irst d escen t, n o d o u b t, is a lw ay s m o re o r le ss a try in g ex p e rien ce fro m  its  

v e ry  n o v e lty . T h e  sense o f h e lp le ss co n fin em en t in th e m id st o f a S tran g e  

an d  a rtif ic ia l en v iro n m en t, a  fee lin g  o f o p p ressio n , an d  th e in e rea sed  p u lsa tio n  

a ll ten d  to  ren d e r th e  in itia l tr ip  b e lo w  w ater  (a s th e  w rite r ’s ex p e rien ce w en t)  

so m ew h a t u n co m fo rtab le , if n o t a so u rce o f trép id a tio n . T h e d isag reeab le  

sen sa tio n s , h o w ev e r, p ass aw ay w ith acc lim a tisa tio n an d p rac tice . A lm o st 

an y b o d y in h ea lth m ay m ak e a d escen t in p e rfec t sa fe ty  ; b u t fo r reg u la r  

an d co n tin uo u s w o rk u n d e r w ate r, fu ll-b lo o d ed m en w ith sh o rt n eck s a re  

n o t d es irab le su b jec ts  ; n e ith e r a re th o se su ffe rin g fro m  p a lp ita tio n o r fro m  

p o o r an d  lan g u id  c ircu la tio n  ; n o r in tem p era te an d g en e ra lly  u n h ea lth y  m en . 

D iv in g  is sa id  to  b e  g o o d  fo r th e  lu n g s o w in g  to  th e co m p ressed a ir a ffo rd in g  

an  in e rea sed  su p p ly  o f o x y g en  an d  d eep en in g  th e  re sp ira tio n .

A  d iv e r o f o rd in a ry p o w ers m ay d escen d to a d ep th o f 1 0 0 fee t w ith  

im p u n ity , an d  m ay  ev en  reac li 1 5 0  fee t w ith o u t ill e ffec ts  ; b u t d eep e r d escen ts  

a re n o t easily  m ad e , an d  a re ra re ly  reco rd ed . T h e g rea te st d ep th to w h ich  

an y  d iv e r h as d escen d ed b y  au th en tic te s tim on y  is 2 1 0 fee t, a t w h ich  p o in t 

th e  p ressu re o n  h is b od y  w as 9 0  Ib s . p e r sq u a re  in ch  in  ex cess o f a tm o sp h e ric  

p ressu re . H arb o u r w o rk v e ry  se ld o m  en ta ils d iv in g in w ate r ex ceed in g 1 0  

fa th om s  in  d ep th .

T h e fo llo w in g tab le sh o w s th e p ressu re s su s ta in ed o v e r an d ab o v e th e  

o rd in a ry  a tm o sp h e ric  p ressu re  a t v a ry in g  d ep th s  :  —

D ep th . 

F ee t.

P ressu re .

L b s. p e r  sq . iu .

D ep th . 

F ee t.

P ressu re .

L b s. p e r sq . in .

1 0 4 1 8 0 3 4 |

2 0 8 4 1 0 0 4 3 4

3 0 1 2 J 1 2 0 5 2 4

4 0 1 7 1 1 4 0 6 0 ä

5 0 2 1 j 1 6 0 6 9 f

6 0 2 6 1 1 8 0 7 8

C are sh o u ld b e tak en in d escen d ing an d ascen d in g n o t to m o v e to o  

rap id ly — m o re  p a rticu la rly  in  ascen d in g . T h e  ra te o f m o v em en t sh o u ld n o t  

b e  g rea te r th an  2 fee t p e r seco n d  fo r d ep th s le ss th an  8 0  fee t.
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The following régulations usually observed in regard to divers’ working 

hours—except, of course, in cases of a temporary nature or of special urgency 

—afford an idea of their capabilities. A shift consists of four hours nett, not 

counting the time taken by the diver to dress, which he does in his own 

leisure. He is allowed a period of fifteen minutes during each shift for rest, 

and another fifteen minutes at the end for undressing. One or more shifts 

per day may be worked according to the needs of the case.

The minimum number of attendants required for a single diver is three— 

one for the signal line and air-pipe, and two to work the pump. For two divers 

an additional man is required to look after the second signal line and pipe. 

Pumpers and signalmen may relieve one another at their respective duties.

The following notes on the care of diving apparatus are extracted from 

instructions issued by Messrs Siebe, Gorman & Co., in connection with their 

goods.

“ After the day’s work is over the air-pipes should be thoroughly dried 

and the gun-metal joints carefully cleaned before being packed away. The 

diving-dress should be cleaned, and, if wet inside, turned inside out and hung 

up in the shade to dry ; the dresses, if used in salt water, should be washed 

at least once a week in clean fresh water. The underclothing should also be 

kept dry and well aired.

“ When in store, the pump and its fittings must be kept clean and free 

from verdigris, and, if likely to be out of use for some time, it should be 

occasionally oiled and the handles turned two or three times, in order to 

prevent the piston leathers getting hard. If the pump has been lying by for 

a considérable time, then it would be well to have it taken to pieces by a good 

fitter and examined to see that it is in proper working order. When a piston 

rod works loose, the screws at the top of the stuffing-box, in the case of 

the double-acting pumps, should be turned a little with a spanner. Only 

good olive and neat’s-foot oil mixed should be used for lubricating.

“Should the diving-dress, from constant use or accident, get leaky, it is 

easily repaired by laying two or three coats of india-rubber solution on each 

side of the seam, rubbing it with the finger as much as possible and allowing 

each coat to dry before the next is applied ; the sides of the seam may then 

be laid down, and two or three coats applied in the same manner to the 

channel of the seam, when the prepared twill (which should have an extra 

coat laid on and dried) may be immediately applied and well pressed down by 

the hand. Superfluous solution may be removed with a piece of india-rubber, 

but it is better to lay it on the proper width so as not to require cleaning off. 

Diving-dresses should never be packed away in a wet or damp state; they 

must be thoroughly dried, both inside and out, before so doing, otherwise 

they will mildew and become so rotten as to be of very little service after- 

wards. The following represents an easy and efficient mode of drying the 

diving-dress :—Take two pieces of wood each about 8 feet long, nail or screw 

them together in the form of a St Andrew’s cross, place them inside the dress, 

and pass another piece through the arms to keep them distended; the dress
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can then be set in an upright position until it is dry. In case the diver 

urinates in the dress, it should be turned inside ont, washed with clean water, 

and then allowed to dry.

“ Should the helmet have been lying by for some time, the valves must be 

unscrewed and examined to see that they are free from verdigris; they may 

be slightly greased with tallow, and new springs should be fitted if necessary. 

All the screws of the helmet breastplate should be kept clean, and occasionally 

wiped with an oily rag.”



CHARTER IV.

PILING.

Use of Framework in Maritime Structures—Association of Piling therewith—Varieties— 
Bearing Piles—Sheeting Piles—Materials for Piles—Timber—Varieties—Destructibility 
and Preservation—Metal—Concrète—Reinforced Concrète — Typical Systems—Pile- 
driving—Sustaining Power—Varions Data.

Structural Principles.—Maritime structures are, generally speaking, 

based on one or other of two distinct systems of construction. First, there is 

the compact, solid mass, capable of withstanding the attacks of the elements 

by means of sheer intrinsic inertia, and, secondly, there is the framework 

structure, composed of an association of members or parts, all slender in 

themselves, but so contrived and connected as to afford one another mutual 

support, and at the same time able to discharge special individual functions.

Typical of the former system is the breakwater, mole, or quay, built as a 

solid mound or mass of rubble, masonry, or concrete, or a combination of 

these, the ideal being a homogeneous monolith, without break or joint. This 

type is really an adaptation of nature’s own system exemplified in rugged cliff 

and massive headland.

The framework structure, on the other hand, is a strictly scientific design, 

utilising the minimum of material to the maximum advantage. It is based 

on the same theoretical considérations as those which govern the synthesis of 

all trusses, whether in the form of bridges, roofs, or other openwork. Its 

principal source of weakness lies in the jointing together of the various parts, 

for under the violent alternations of impact and recoil, which are characteristic 

of marine forces, there is every disposition for the joints to become loosened 

through excessive vibration. There is, moreover, another disadvantage 

attending those structures which are composed of unprotected metal and 

timber, viz., their liability to corrosion and decay. Both these considérations 

militate greatly against the realisation of any great degree of durability and 

permanence, and render structures of the second class inferior in certain 

respects to those founded on the former system, while, at the same time, 

they obviously involve much greater expenditure in the way of maintenance 

and repair.

There are, however, circumstances under which framework structures 

become inevitable, and many others where they are undoubtedly désirable.
60
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Thus a solid pier inevitably deflects the course of a littoral current, thereby 

diverting navigable channels into unknown directions, and bringing about 

physical results which it is not possible to forecast with any certainty. A 

columnar pier, on the other hand, offers very trifling obstruction to current 

flow, and practically leaves the coastal régime unaltered. On these grounds, 

it has been deemed politic, at Zeebrugge for instance, to construct in open- 

work the portion of a projecting mole which immediately adjoins the shore, 

while that portion which lies beyond the range of the littoral current, or 

which is not likely to offer any injurious opposition to the motion of the sea, 

is built in the solid.
Framework, as adapted to maritime situations, consists of two distinct parts: 

the supporting columns or piles and the superstructural trussing. With the 

first of these we propose to deal in this chapter. On the second it will be 

necessary to touch but lightly, as the principles upon which it is based are 

common to all branches of engineering work, and in no sense can it be con- 

sidered as a special feature of harbour engineering operations.

Piling ’is the term applied to all columnar members driven vertically, or 

nearly so, into the ground to form a foundation for constructional purposes. 

It includes two varieties : first, sheeting* piles, which are employed to 

inclose or confine an area, and secondly, bearing1 piles, which act as isolated 

supports.
Sheeting piles are often much wider than they are thick, and are set with 

their edges in close contact, so as to form a continuous wall or partition. In 

order to achieve this result, they are driven in bays of moderate length, between 

leading or guide piles, to which horizontal walings are affixed. Bearing piles 

are more equilateral in cross section, and are driven quite separately, or in 

clusters. Sheeting piles are provided with a knife edge at their lower 

extremities ; bearing piles have either pointed or butt ends.

The materials from which piles are made are extremely varied, and include 

timber, iron and steel, concrete and ferro-concrete.

Timber piles are, perhaps, those which have been most extensively used 

up to the present time. They have been adapted to purposes both of a 

temporary and of a permanent nature. For the former class of work, they 

are still in universal demand, but for the latter class they are now only 

utilised when considérations of economy outweigh all others. For jetties and 

piers destined to wear and rough usage, the durability of material, composed 

of metal and mineral which is practically indestructible, gives it an enormous 

advantage over perishable fibre; but for temporary work, such as gantry 

staging, cofferdams and the like, the cheapness and adaptability of timber 

confer upon it qualities relatively superior.

The character of the timber employed in harbour work depends upon the 

probable or estimated duration of its services. When utilised for permanent 

structures, only the best, hardest, and soundest timbers are admissible. In 

other cases, softer and less durable wood will suffice, provided it be kept 

under constant supervision and renewed whenever necessary.
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So far as soundness and strength are concerned, there are few trees which 

are incapable of supplying logs and balks of a thoroughly satisfactory 

character. In harbour work, however, durability is the crucial considération 

and the conditions attaching to that qualification are inuch more exacting 

than those which govern the choice of suitable timbers for constructive 

purposes elsewhere. The alternations of exposure to the atmosphère and 

submersion in the sea, due to tidal fluctuations, constitute in themselves a 

most fertile source of decomposition, such as is not experienced in any other 

environment nor associated with any other branch of engineering. And, as 

if this were not sufficient, there is allied therewith a most pernicious and 

deadly subjection to the mechauical attacks of insectile 1 borers, which infest 

the waters of most ports.

In addition to the question of durability, however, there are the subsidiary, 

but no less essential, considérations of available scantling, cost, and facility of 

supply, eaeh of which demands the careful attention of the engineer.

It is not proposed to enter into any lengthy dissertation of a botanical 

nature on the very great variety of trees which are available for engineering 

purposes; it will be sufficient to confine our attention to details of a practical 

kind in connection with those comparatively few species which have obtained 

wide and general recognition in connection with maritime work. These may 

be enumerated briefly in three groups :—

I. Greenheart, Mora, and the Eucalypti. These woods are extremely 

durable and highly repellent of insects.

II. Teak and Oak. These are also very durable, but subject to insect 

attack.

III. Beech, Elm, and Pine. These are moderately durable, and they 

succumb easily to insects.

By far the most important group to the harbour engineer is the first. To 

this we must pay greatest attention, leaving the other groups, though they 

comprise timbers of more extensive use, to be but briefly noticed.

Greenheart (Nectandra Ilodiæi) is an American product, the tree being 

a native of Guiana and the adjacent states of the South American continent, 

where it grows very abundantly in tracts lying within a hundred miles of the 

coast-line. It is a wood of extreme hardness and durability, with a very fine 

and compact, though uneven, grain. Its resistance to crushing is enormous, 

but it is very brittle and it splits under the least provocation. Before sawing, 

logs have to be bound very tightly with chains and wedges on each side of 

the projected cut; otherwise there is great danger of splitting, and a crack 

once started is prevented from extending with difficulty greater than that 

which characterises avoidance of the danger in the first instance.

Greenheart contains a poisonous oil, which renders necessary considérable 

circumspection on the part of carpenters and others engaged in dressing it.

1 Objection may be taken to the use of this word in this connection. It is difficult, 
however, to find an accurate generic narne for these pests. The term insect is applied under 
lieense which is justifiable, since no confusion is likely to arise from its use.
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A splinter in the flesh almost invariably produces blood-poisoning, and the 
merest scratch should be promptly sucked and washed in clean water.

The weight of greenheart ranges from 60 to 75 Ibs. per cubic foot, so 

that it has practically no flotation. This characteristic facilitates its mani­
pulation for piling purposes, as it sinks readily into position. It can be 
obtained in balks from 12 to 24 inches square and up to 70 feet in length. 
It has an ultimate compressive strength, in short prisms, of 8 to 8| tons 
per square inch, and a beam of unit dimensions, i.e. 1 inch square in section 
and 1 foot between supports, will fail at loads ranging from 950 to 1500 

Ibs., centrally and concentratedly applied.
The colour of greenheart ranges from green to almost black.
Purpleheart is a wood of the same kind, from the same locality, with 

a difference only in colour, as iudicated by the name. It is perhaps a little 

tougher and slightly more durable, but, on the other hand, it is not so 
readily procurable. Balks can be obtained up to 30 inches square.

Mora (Afora excelsa) is also a native of Guiana, but is a light-red wood, 
with several distinguishing characteristics. It shares the strength and 
durability of greenheart, while it differs from it in possessing great toughness 
and in lacking any disposition to split or splinter. It is rather lighter in 
weight, too, than greenheart, weighing from 57 to 68 Ibs. per cubic foot.

The Eucalyptus family is a numerous one, and indigenous to the Australian 

continent.
Jarrah (Eucalyptus marginata) is a timber found in abundance in 

Western Australia, and, from its resemblance to mahogany, it is sometimes 
called Australian mahogany. It is hard, heavy, and close-grained ; very 
liable to warp and split. Tt is also beset with clefts filled with resinous 
matter, which is sometimes found to be in a state of decay. The fibres also 
contain an acid having a pungent odour. The tree grows to a height of 
200 feet and more, but sound logs are limited to 40 or 45 feet in length and 
12 to 24 inches square.

The weight of jarrah is just about equal to that of an equal volume of 
water. It has little more than half the crushing strength of greenheart, and 

the ultimate transverse strength of a unit beam (1 inch square and 1 foot 

clear span) is between 500 and 650 Ibs., concentrated at the centre.

Karri (Eucalyptus diversicolor) is a hard, heavy, straight-grained wood, 
with some claims to toughness. It is somewhat stronger than jarrah, but 
less durable in damp situations; though when totally and continuously im- 

mersed, it is said to last well.
The Blue Gum (Eucalyptus globulus) and the Stringy Bark (Eucalyptus 

obliqua) are two varieties of the same species, which have latterly conie into 
use and have demonstrated considérable merit for staging purposes in con­

nection with the improvement works at Dover Harbour.
The former is so named from the characteristic glaucous blue tint of the 

young plant, though the colour of the mature wood is a golden yellow or 
brown. Both trees grow to an enormous height and girth, and furnish tough,
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strong wood, extremely durable under favourable circumstances, and more 

particularly in dry and open situations. Piles, 100 feet to 120 feet long and 

20 inches square, have been obtained in Tasmania. Stringy bark, according 

to some authorities, weighs about 70 Ibs. per cubic foot, and blue gum about 

77 Ibs. ; others place the figures at 60 and 65 Ibs. respectively. Some 

variation of weight in different specimens is, of course, inévitable. The 

transverse strength of unit beams (see p. 63) may be taken at anything 

from 450 to 850 Ibs.

It will be noted that all the timbers in this group have a very high 

spécifie gravity, and this property is found to be very useful in connection 

with driving piles in water of any depth. The lighter kinds of wood have 

necessarily to be weighted at the lower ends, in order to cause them to assume 

an upright position suitable for driving.

As regards durability in marine situations, it cannot be claimed that any 

of the foregoing timbers are absolutely immune from the attacks of insects. 

On the contrary, there is distinct evidence that boring has occurred in each 

kind of wood, though it is apparent that there is no great attraction in these 

timbers when others are present in the neighbourhood. Greenheart appears 

to be least susceptible, possibly on account of the poisonous oil which it 

contains. At certain ports it exhibits no sign of any depredation whatever, 

but this may be due to the absence of the inimical agencies. Altogether as 

a class, the timbers are the least vulnerable of any which can be applied to 

marine work, and in many instances they have demonstrated extremely high 

resisting powers.

The second group includes timbers which, though durable enough in 

themselves, are much more subject to insect attack.

Teak (Tectona grandis) is a native of India, Burmah, Siam, and Java. 

It is a firm, durable wood, fine and straight in grain, and easily worked, 

though possessing a tendency to splinter. It contains an aromatic oil of a 

resinous nature, which, on exposure, coagulates to such a degree of hardness 

as to spoil the cutting edges of tools. The tree often attains a height of over 

100 feet and sometimes a girth of 10 feet. It is usually imported in logs 

from 25 to 40 feet long and from 10 to 20 inches square. The weight of teak 

varies from 41 to 52 Ibs. per cubic foot, and the transverse strength of a 

unit beam lies between 600 and 700 Ibs.

Oak (Quercus) is found on both the European and American continents, 

as also—less commonly—elsewhere. The best is grown in Great Britain. The 

wood is firm, with a fine, straight grain, comparatively free from knots, and 

it is readily cleavable. Logs vary from 10 to 40 feet long and from 10 to 24 

inches square. The longer logs corne from America. Oak is heavier than 

teak, weighing from 49 to 61 Ibs. per cubic foot; but it is not quite so 

strong — -about 50 to 100 Ibs. less in ultimate transverse strength. Oak 

contains an acid which corrodes iron, and is therefore destructive of bolts 

and other fastenings.

Both the above timbers are admittedly assailable by insects, but they
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offer greater résistance and attain a higher degree of exemption than do 

members of the third and last group.

Elm {Ulmus) and Beech {Fagus sylvaticd) are two well-known timbers, 

to which the term durable is only applicable provided the conditions be 

those of total immersion or continuons dryness. The weight of elm is about 

35 Ibs., and the weight of beech about 48 Ibs. per cubic foot. As regards 

strength, beech has the superiority, being half as strong again as elm. The 

mean ultimate transverse load on a unit beani of elm is 400 Ibs. ; that of 

beech, 600 Ibs.

Pine and Fir include a number of varieties of timber, some of which, 

such as pitchpine and Oregon pine, are highly serviceable to the harbour 

engineer for temporary staging and dams. Their durability under exposure 

to water is not very great, unless it be assisted by some treatment, as 

creosoting, which also affords protection to a certain extent against insects. 

These timbers must needs, however, be under constant supervision and 

inspection, and it is certainly not desirable to set them in positions difficult 

of access nor to place too great confidence in their capabilities of resistance.

Pitchpine {Pinus rigida) is obtained from the southern states of North 

America. It is a highly resinous wood, reddish or reddish brown in colour. 

The resin in its pores renders it hard and difficult to work, but also increases 

its durability. The strength of pitchpine is often reduced by the practice of 

“bleeding ” the growing tree, that is, tapping it for the turpentine which it 

contains. Logs are obtainable from 10 to 18 inches square and up to 60 or 

70 feet long. The commonest sizes for piling purposes are from 12 to 15 

inches square and from 40 to 50 feet long.

Oregon Pine {Abies Douglasii) cornes from the north-west of North 

America. It has a light reddish colour. It is obtainable in logs up to 20 

and 24 inches square and up to 100 feet in length. It is not so strong as 

pitchpine, but, affording larger sizes, is useful in certain situations.

Destruction of Timber.—The utility and value of timber being so 

greatly affected by its liability to destruction and decay, it is necessary to 

consider the sources of deterioration and the possibilities of their avoidance 
or cure.

Insectile ravages claim first attention, as they constitute the most serious 

and pressing danger to which timber piles are exposed. Woods of the utmost 

durability in regard to ohemical changes sucoumb only too rapidly from 

purely mechanical causes.

Teredo Navalis.—This animal, one of the most pertinacious assailants of 

marine timber structures, is a member of the family Pholadidæ. It is found in 

all British seas and, indeed, frequents the majority of the seaports of the world. 

It has a decided preference, however, for clear salt water, and deliberately 

avoids water which is muddy or sewage-polluted, or even fresh. The process 

of its depredations appears to be as follows. Its eggs, drifting in the water, 

adhere to any exposed woodwork against which they happen to be washed by 

the sea, and there remain till ripe for hatching. On leaving its egg, the 

5
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young teredo attacks the wood in its immédiate vicinity by boring or 
tunnelling into it, principally in the direction of the grain. The boring 
implements are two strong, sharp black teeth, which can be disclosed for 
inspection by applying pressure at the back of the creature’s head. The 
holes, or galleries, increase in size with the growth of the animal, and they 

Fig . 58.—
Teredo Navalis.

are lined throughout with a chalky secretion forming a thin, 
hard, smooth shell. It is no uncomnion experience to find 
holes 1 inch or | inch in diameter, and the teredo has been 

known to attain a length of as much as 2 feet, though the 

average length is not more than 7 or 8 inches. Its operations 
seem to be chiefly confined within the tidal range: that is, 
between highest high water mark and lowest low water mark ; 
but it also attacks timber at any moderate depth. At times 
it works with extreme rapidity. Some of the Memel fir piles 
of the old pierhead at Southend showed signs of the teredo 
within six months after completion, and in twelve months’ time 
they were reported to be seriously injured. Fir and alder

appear to furnish the most favoured fields for operation; oak 
and teak are less susceptible; greenheart and jarrah have a 

general reputation (not strictly maintainable) of being free from attack. 
Greenheart has been used for piles at the mouth of the Mersey without the 
slightest sign of deterioration of any part, even after the lapse of many years ; 

but at Bombay the same wood has been freely ravaged.
The Pholas dactylus is another member of the Pholadidæ family. On the 

whole, it evinces a more pronounced taste for mineral substances, such as 

limestone and sandstone; but it also turns its attention to woodwork, which 
it honeycombs by boring a number of holes very closely together. Compared 

with the teredo, however, it is of small importance, so far as timber, at any- 
rate, is concerned. The animal attains a length of 4 or 5 inches.

Another boring tribe of similar habits and tendencies is the Aylophaya. 
Its members are small in size, and they do not line their excavations.

The Chelura terebrans (Amphipoda) is a small crustacean resembling a 
minute shrimp, both in shape and colour. It is very small (fig. 59), not
more than | inch in length. In 
addition to feet, it is provided with 
a pair of limbs, near the tail, which 
it employs in leaping. The chelura 

destroys wood by cutting or tearing 

it away in thin flakes, working in- 
wards from the exposed surface. It 
manifests a decided partiality for 

pure, clear sea-water, and is con- 
sequently more often found along 

Fig . 59.—
Chelura Terebrans.

Fro. 60.—
Limnoria Terebrans

the open coast than in inclosed basins and harbours.

The Limnoria terebrans (Asellidæ) is another lilliputian, whose length
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seldom reaches to more than | inch. In appearance it is not unlike a grain 
of rice. It is mainly troublesome on account of the vast numbers in which 

it infests certain localities, and, as it is indifferent to the foulness or otherwise 
of the water, no harbour precincts can be considered free from its presence. 
The limnoriæ are active mainly about and below high water of neap tides, 
depredations proceeding rapidly until the whole of the timber-work is eaten 
away. Large balks of unprotected fir have been completely destroyed in 
three years, and even creosoted timber has perished within a decade,

The Tanai vitalis belongs also to the Asellidai family. It preys upon 
vegetable fibre with powerful claws, rending it to pieces. The length is 

about i inch.
The attacks of the white ant (Termes) in tropical countries do not call for 

detailed mention. They are not particularly associated with maritime situa­

tions, and submerged timbers are, of course, not affected in any way.
Decay of Timber. —Apart from the mechanical destruction of timber, 

there is the question of natural decay, which is due to one or other of two 

distinct forms of decomposition, known respectively as dry and wet rot. The 
former, which is a process of fibrous disintegration, accompanied by the growth 
of a parasitic fungus, is attributable to, and certainly accelerated by, the 
absence of adequate ventilation. The woodwork attacked is mostly that 

which is situated in confined and stuffy places, to which air has insufficient 
access— conditions not generally allied with harbour work.

Wet rot, on the other hand, has a much more general and appropriate 

connection. It is the most characteristic disease, in fact, to which marine 
timbers are liable. It arises from, and is promoted by, frequent alternations 
of dryness and moisture, and these conditions are obviously prevalent along 
the water’s edge. Every time a log becomes immersed and dries again, a 
fresh portion of the fibre is converted into soluble matter, which, in due 
course, is abstracted and lost. Furthermore, the continuai evaporation of 
moisture from the pores of the wood results in putrefaction, the progress of 

which, once commenced, is often rapid.
Wet rot will attack indifferently any part or substance of a log, whether 

it be heartwood or sapwood; whereas dry rot is generally to be found in the 
latter only. The disease, moreover, is contagious, and affects adjacent timbers 
which may not in themselves be exposed to the same predisposing causes.

Préservation of Timber.—Having enumerated and described the 
inimical agencies, we corne now to the means used to combat them. Ex- 
pedients, as diverse as they are multitudinous, have been tried from time to 
time with a view to increasing the durability of timber, both as regards 
preserving it from internal decay and protecting it from external attack.

The commonest preservative for structural work is paint. Applied to 
seasoned timber completely deprived of free sap, the method is one of the 

most efficacious which can be devised; but it calls for frequent and regular 
renewal, and this, in the case of submerged work, is an insurmountable 
obstacle to its adoption. Moreover, sea-water tends to soften paint, and the
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chafing of floating objecta against the surface of the wood soon wears away 
its protective coating. The same objections apply to other substances, such 
as tar, verdigris, and paraffin, which have either been used or proposed as a 

substitute for paint.
The best and only really effective agency for increasing the longevity of 

timber-work in contact with moisture is the process known as creosoting’. 
It also acts as a deterrent to sea-worms, though not to the extent of rendering 
the wood invulnérable. The process consists in coagulating the albtirnum in 

the pores of the log, so that the latter become filled with an antiseptie, 

bituminous substance, which excludes air and moisture, repels the lower forms 
of vegetable and animal life, and prevents putrefaction and rot.

Creosote is an oily liquid contained in the second distillation of tar, 
from which the ammonia has been expelled. Its composition is somewhat 
variable; but in order to be effective, it should contain over 40 per cent, of 
naphthalene, about 4 or 5 per cent, of carbolic acid, and as little pitch as 
possible. It is essential to the efficacy of the treatment that, as a preliminary, 

all moisture be abstracted from the interior of the timber.
Soft woods, such as fir and pine, may be simply immersed, direct from the 

drying-house and while still warm, in an open tank of hot creosote. Logs 
treated in this way will absorb from 8 to 9 Ibs. of creosote per cubic foot, and 

this quantity is generally sufficient for inland purposes.
For marine work, however, and especially for piles and the timber-work of 

jetties, imprégnation to the extent of 10 or 12 Ibs. per cubic foot is requisite. 
In order to achieve this result, the timber, after being dried, is placed in a 

vacuum. Creosote, at a temperature of about 120° Fahrenheit, is then intro- 

duced into the containing cylinder, under a pressure of about 175 Ibs. per 
square inch. By this means, with suitable woods, the amount of creosote 

absorbed may reach a maximum of 16 Ibs. per cubic foot.
Hard, compact woods, such as oak, do not, under any degree of pressure, 

absorb more than 3 Ibs. of creosote per cubic foot; but in their case this is 

found to be sufficient.
Boucherie’s process consists in impregnating timber with a solution of 

sulphate of copper (1 per cent, by weight) in water. The usual course of 

procedure is to cap one end of a log in a water-tight manner and then to allow 
the liquid to penetrate the pores from the other end, so displacing the sap, 
under a head of 30 or 40 feet, which produces a pressure of 15 to 20 Ibs. per 

square inch. The extent to which penetration takes place can be tested by 
means of prussiate of potash : whenever this substance cornes in contact with 

sulphate of copper, a brown stain is left.
Timber is kyanised by immersing it in a saturated solution of corrosive 

sublimate (perchloride of mercury) contained in a wooden tank. The strength 

of the solution varies from f to 1 per cent, by weight, according to the 

porosity of the timber.
Burnettising ’ is the term applied to a process of treatment with a solu­

tion of chloride of zinc, containing 2| per cent, by weight of the chloride.
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Ordinary immersion will suffice, but the imprégnation is 

pressure.
None of the last three methods has proved so 

effective, or corne into such general use, as creosoting. 

In fact, it is doubtful whether any of them is of the 

least benefit in warding off insectile attack, and this, in 

maritime situations, is an object no less important than 

the preservation of timber from decay.

The only apparently completely successful way in 

which timber may be guarded in this respect is by 

means of some external covering excluding the wood 

from actual exposure.

Sheathing" is a protective device which consists in 

enveloping a pile in a covering of metal, earthenware, or 

other material impenetrable by insects. A thin covering 

of copper plates has proved satisfactory in repelling 

worms from piles, when the covering has extended from 

below the mud level to above high water-mark ; other- 

wise the insects intrude themselves between the metal 

and the wood. The method is obviously an expensive 

one, and therefore not likely to commend itself for 

general adoption. Zinc has been tried as a substitute 

for copper, but it is soon corroded by sea water. Muntz 

metal is another substitute, but its application has 

been too limited for definite judgment of its powers. 

Studding with broad-headed scupper nails is an old 

expedient, the principal drawback of which is its 

troublesomeness, and, of course, its expense.

Earthenware pipes, such as ordinary drain-pipes, and 

cylindrical casings of wire netting bedded in concrète, 

are efficient preservatives of piles in situations free from 

shocks, collisions, and erosion. The space between the 

pipe and the pile must be filled in with sand or cement 

grout. A simple coating of Portland cement has been 

tried, but the film is too thin and easily cracked. Lately, 

a system of facing wooden piles with reinforced concrète 

slabs has been promoted by Mr Cooper Poole, the harbour 

engineer of Southampton. The slabs are primarily in- 

tended for application to piles which are in such a 

state of dilapidation as to call for renewal or repair. 

At each corner of the pile a small angle iron is spiked 

on to the timber so as to form a guide for the slabs. 

These last are connected up and allowed to sink into 

the mud until they take a bearing, when the inclosed 

space is filled with concrete. The system, however, is

expedited by using

Fig . 61. —Application 
of Reinforced Con­
crete Slabs to De- 
cayed Timber Pile.
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applicable also to piles which are whole and perfect, as a preservative. On 

the Pacific coast a wrapping of jute burlap, in combination with a préparation 

of paraffin, powdered limestone, and kaolin, is reported to have achieved 

successful results.

From the foregoing details, it is obvious that the use of timber piles, 

though oonvenient, is attended by a nuinber of serious disadvantages. There 

can never be any complète sense of security in reference to the part they play 

iu permanent structures, and the increasing scarcity of logs of a suitable 

size, together with the difficulty of obtaiuing them at a moderate cost, has led 

to the introduction of piles composed of metal entirely or of metal and con­

crète combined.

Metal piles.—Metal piles are ordinarily either of wrought iron or steel. 

The pointed or driving end is frequently cast, but, generally speaking, cast 

iron is of too brittle a nature for use in the shank of a pile, unless special 

précautions be taken in driving, or the ordinary method of impulsion by a 

falling weight be replaced by some other system. Thus, with screw ends, 

cast iron tubes or pipes are often used instead of timber logs (which are 

equally available), the means of forcing into the ground being rotation round 

the vertical axis. This constitutes, however, a method of treatment so distinct 

and exceptional that it may be regarded as not affecting the general question.

For the sake of dismissing it from further consideration, it is convenient 

to introduce here a few explanatory words concerning the system of screw 

piles. The screw end consists of a broad blade, forming, in most cases, little 

more than a single turn or a turn and a quarter. It has the property,

Fio. 62. —Screw Pile Bases.

therefore, of furnishing a base of 

much greater area than that 

afforded by the ordinary pile, and 

on this account is useful for 

foundation work in compressible 

strata, where it is desirable to 

spread the load over as large an 

area as possible. Moreover, there 

is an absence of vibration in the 

process of driving, which is a distinct advantage. The piles are driven by 

means of a capstan head or a drum of large diameter temporarily bolted on 

to the shank, and raised from time to time as the rate of driving requires. 

In the former case, capstan or lever bars are used; in the latter, a winch, 

to which is led a wire rope wound round the drum, supplies the motive 

power. In primitive and isolated cases, animal labour has been utilised.

Steel or wrought iron piles partake of all the recognised forms 

emanating from mauufacturers’ rolling-mills. Channel and joist sections are 

most common. Such piles, though available for solitary positions, are more 

generally found in close association, as sheet piling. When this is the case, a 

certain, and by no means negligible, amount of mutual interdependence and 

support is afforded by binding intimately together the adjacent edges of the
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piles. This can be done by forming a series of grooves with the aid of rivetted 

connections, as exemplified in the figures shown, which represent typical 

sections patented by the Friestedt Co. of Chicago, U.S.A.
The interlocking arrangement is extremely useful in forming a water-tight 

inclosure for dams. Hydraulic pressure against the outer face will generally 

prevent the passage of water, but where any leakage manifests itself, it can 

easily be checked by sprinkling ashes, sawdust, or any light material of a 

similar kind, upon the outer surface, whence it will be sucked into the defective 

joint.
The driving of these piles is effected in the ordinary way by means of a 

falling ram ; only, it is necessary to interpose a wooden “dolly ”— a 6- or 8-

Fig . 65. —Interlocking Steel Sheeting Piles.

foot length of greenheart timber—between the cap of the pile and the under­

side of the ram. The cap of the pile is a removable block or plate of cast 

steel, several inches thick, temporarily secured in position with the aid of 

bolts and removed after the operation of driving is finished.

Metal piles, though indestructible by inseets, are subject to corrosion, with 

results equally disastrous in the long-run. The effects of oxidisation are most 

to be dreaded in the case of the outetanding piles of piers and jetties. All 

ironwork immersed in salt water, and especially when alternately wet and dry, 

undergoes chemical changes subversive of its strength and durability. Hence 

the manifest necessity of providing it with some protection akin to that which 

is accorded to timber piling.
Of the methods in vogue for the prevention of corrosion in iron or steel, 

two stand out in greatest prominence—painting and galvanising. The former 

of these is only of the nature of a temporary perservative, and has to be re- 

applied at regular and frequent intervals; the latter cannot be renewed in 

the case of in situ structures, and, thouglr the initial treatment is understood 

to be more effective than painting, yet the environment of the seacoast is 

extremely detrimental to its efficacy.
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The coatings applied to ironwork under the head of paint comprise those 

which are composed of red lead and those which have oxide of iron for their 

base. The latter of these has been advocated on the ground that it removes 

the tendency to galvanic action produced by two diverse metal substances in 

contact with one another in the presence of moisture. Other coatings are 

mineral or vegetable tar, black varnish, siderosthen, and various bituminous 

solutions. It is obvious that only the surfaces of piles which lie above the 

water level can be treated with these applications after érection.

For cast ironwork, and especially for cast iron pipes, no better preservative 

could be devised than the Angus-Smith treatment, which consists in dipping 

the pipes while hot into a liquid mixture of coal-tar, pitch, linseed oil, and 
resin.

Iron and steel are galvanised by dipping them into a bath of molten zinc 

so that a veneer of the latter metal covers them completely. To effect this 

treatment properly, the surface of the metal treated must be absolutely 

clean and free from scale and grease. The process is effective against 

ordinary atmospheric influences, provided the zinc covering be maintained 

intact. If a crack or perforation occurs, corrosion sets in and proceeds 

rapidly. Against sea air and water, galvanising does not afford much 
protection.

It is obviously no simple matter, therefore, to find a satisfactory and 

reliable method for insuring the permanence of iron and steelwork in mari­

time situations, and particularly in the case of piling, where the work is so 

difficult of access. The desired result, however, has been achieved by the 

ingenious expedient of enveloping the metal in conerete, and this brings us 

to the system of combined steel and conerete which now generally goes by 

the name of reinforced conerete.

Reinforced concrète consists essentially of a core or internal network 

of metal, completely embedded in conerete, so that no part of the metal is 

exposed to, or in contact with, any external atmospheric or aqueous 

influences. As applied to piling, the system has many and important ad- 

vantages. Reinforced conerete piles are not subject to oxidisation, dé­

composition, or decay. Experience has demonstrated that steel bedded in 

Portland cement conerete does not rust even when iminersed in water, and 

that a rusty bar so treated manifests no inerease in corrosion. Moreover, 

reinforced conerete piles do not offer the least incentive or attraction to 

sea-worms or insects; they are fireproof as well as waterproof; their dura- 

bility is beyond question; they cost less than long greenheart piles, and 

little, if anything, more than creosoted pitchpine; they can be jointed, and 

lengthened or shortened at will; and, finally, their compressive strength and 

supporting power is very great.

Reinforced conerete piles vary considerably in design, according to the 

individual ideas of numerous inventors. It will only be necessary, however, 

to refer to a few of the better known examples, which are distinetly 

applicable to harbour work. The circumstauces of foundation piles for
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inland structures and for piers and jetties are by no means identical. It 
cannot fail to be evident that a pile driven wholly into the ground, as ni the 

former case, does not need to possess the same lateral stiftness which must 

essentially appertain to a pile only partially buried, and subject, moreover, 
to the incidence of forcible impact throughout a very considerable part of 

its length.
Thus, for landwork, concrete piles may be formed by simply drilling or 

boring a hole within an iron shell or tube, and filling the latter with concrete, 
the shell in many cases being withdrawn as the work proceeds. This method, 

of course, is quite inapplicable to piling in water.
The Hennebique bearing’ pile (fig- 66) contains a series of long, round 

bars, generally from four to eight in number, set parallel to, and arranged 

symmetrically around, the longitudinal axis of the pile. 
These bars are connected together and maintained in 

position by bonds, or ties, of iron wire and distance

pieces. The bars vary from 1 inch to If inches in 

diameter, and the wire is usually T3T inch thick. 

W - W.0

Fig . 66.— 
Hennebique Pile.

The

distance pieces, which are about | inch in diameter, with 

forked ends, are set at a normal distance of 10 inches 
apart, but at and near the top of the pile the distance 
is reduced to 2 inches. The toe of the pile is a pyramidal 

block of cast iron, into which wrought iron straps have 
beeil inserted. The upper ends of the straps are bent 
inwards towards the centre of the pile. The longitudinal 

rods of the pile are continued as far as the casting, being 

deflected to the required splay.
The Hennebique sheeting -pile is made on the 

same lines as the bearing pile. There are three rows of 
longitudinal rods, arranged in pairs, and connected, as 

before, at 10-inch intervals with iron bands or clips. 

The ends of sheet piles are wedge-shaped, with a down- 
ward splay towards one side. This is extremely useful, 

during the driving process, in keeping a pile in con­
tinuons contact with its neighbour, towards which the 
resultant pressure on the splayed edge causes it to be 
urged. To complété the connection, piles are moulded with cylindrical

grooves in each of their sides, one of which possesses a short spur or pro­
jection, capable of engaging in the groove of an adjoining pile. When two 
consecutive piles have been driven, their combined grooves form a cylinder 
which, after being cleansed by forcing water through it under pressure, is 

grouted with cement.
A slight variant on the Hennebique pile is the Mouchel hollow pile 

(fig. 67). It has the longitudinal rods, wire ties, and distance pieces of the 
former, but, with the object of saving material and reducing weight, it is 
concreted with a core, which, being withdrawn, leaves the pile hollow. Dia-
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phragms at. intervals strengthen the conerete work. The Mouchel pile is 

light and easy to handle. The reduction in strength is such as to be 

practically inappreciable, and does not affect the utility of the pile.

Ficis. 67.—Mouchel Hollow Pile. Fig s . 68. —Johnston Pile.

The Johnston pile (fig. 68) differs from the preceding in that the longi­

tudinal rods are replaced by angle bars at the corners of the pile. These 

are bound together by flat bands and coiled steel wire.

The Chenoweth pile (fig. 69) is constructed on totally different lines. 

A sheet of iron mesh is bent round a longitudinal axis in the form of a 

continuons spiral, forming a cylinder which is surrounded and filled with 
concrète.

The Williams pile (fig. 70) consists of a central rolled steel joist sur­

rounded at intervals by steel wire hoops and having cambered longitudinal 
stiffeners.

Moulding’. — Reinforced conerete piles may be moulded either vertically 

or horizontally. For the former method, it is claimed that it results in greater 

uniformity in density throughout any horizontal layer, while the latter method 

is characterised by greater convenience. The advantage gained by vertical 

moulding is of questionable validity—there is no reason why horizontally 

moulded piles sbould not be absolutely homogeneous—and, in any case, it 

cannot be said to compensate for the greater trouble of moulding in that 

way and the higher cost involved.

In horizontal moulding a box is formed of the dimensions of the pile, but
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without a top—that side being reckoned the top which cornes uppermost 

when the box is laid flat on the ground. The sides of the mould are well 

soaped or oiled to prevent adhesion ; then a layer of concrete is deposited in 

the bottom to the extent of the outermost covering of the metal: that is to

Wire Mesh

Kig s . 69. —Chenoweth Pile.

say, 1 or 2 inches, as the case may be. This is very carefully rammed and 

consolidated before the metal framework is laid upon it. The latter opeiation 

requires great care. The framework must be set perfectly true to the axis of 

the pile, and the shoe, with its bevelled sides, must be accurately adjusted 

and brought into close contact with the ends of the frame. The box is then 

carefully filled with concrete in a series of thin layers, deposited without a
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break, each layer beiiig well punned and the conerete pressed into all corners, 

angles, and recesses. The top, or fourth side of the pile, is formed by striking 

the edges of the box with a straight-edge, so that the conerete just cornes 

flush with them. The pile is left for a week in the mould, then the mould 

is removed and the pile allowed to harden, either in water or while constantly 

wetted. A nionth or six weeks elapses before the pile is ready for driving.

To facilitate lifting, a bolt hole is cast near the top of the pile. The bolt 

and a shackle enable the pile to be swung easily into position. The green 

pile, however, is not handled in this way, but by means of chain slings 

passing round the pile, the sides of which are protected by deals at the points 
of contact.

hor vertical moulding, the box is set upright and the metal framework 

first plaoed in position with the shoe downwards. Conerete is then filled in 

to the mould and around the metal, as carefully as in the previous case. The 

pile is built up in a series of layers from 4 to 6 inches in depth, the fourth 

side of each layer being formed by a batten fixed across the open face by 

fitting into grooves or being otherwise secured to the box, the whole height 

being treated in this way. The remaining operations are as before.

The materials used for reinforced conerete piles must be the best of their 

respective kinds. The conerete particularly calls for special attention. The 

proportions used lie between one part of Portland cement to four or five parts 

of aggregate, the latter compounded of gravel and sand in the ratio of 2 : 1. 

In one system (the Williams’) the aggregate consists of clean shingle, which 

will pass through a f-inch gauge but not through a ^-inch gauge, mixed with 

half its volume of sand. In Hennebique work the gravel is also sifted through 

two sieves. The first has apertures 1 inch square ; the other has four un- 

crossed meshes per linear inch. The residue from the first sieve is thrown 

against the second, and equal parts taken of that which passes through the 

second sieve and that which fails to do so. After the pile has been removed 

from the mould, it is well to give it a coat of pure cement wash. This closes 

the outermost pores and renders the pile more highly impervious, The non- 

porosity of a reinforced conerete pile is obviously essential to its durability. 

It is only by the complété exclusion of moisture from the embedded steelwork 

that the latter can be maintained in a serviceable condition.

Pile-driving’. —Piles are forced into the ground, or driven, by means of 

piling machines, which are actuated by hand or steam power. The exceptional 

use of the screw pile has already been noticed (p. 70). The impelling force 

is commonly a heavy weight or ram, which is allowed to fall within vertical 

guides from any desirable height. In the hand or ringing machine, the 

weight rarely exceeds one-third of a ton, and the fall, 4 feet. In other 

appliances the weight and fall range from 15 cwts. and 10 feet to 3 tons and 

4 feet respectively. A heavy weight and a low fall are preferable to a light 

weight and a considerable fall, owing to the greater oscillation resulting from 

the latter arrangement and the consequent jar in the delivery of the blow, 

which thus tends to injure and split the pile. In conerete piles the absence of
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vibration is of primary importance. Indeed, such is the care which has to 
be exercised to prevent rupture, that the pile head is capped in a very 

elaborate manner. A cast steel helmet completely envelops the head, its 

interior being filled with sawdust and sacking. Between the helmet and the 
ram of the pile-driver is also interposed a wooden dolly, so that a very con­

sidérable proportion of the momentum of the blow is absorbed before it 

reaches the pile.
A much more efficient implement, where conditions admit of its employ- 

ment, is the steam hammer. Blows can be delivered with greater rapidity 
and effect. Timber piles driven by an ordinary weight machine to the utmost 
capability of the ram have responded readily to the steam hammer and have 
been forced to a considerably increased depth. Steam hammers are of two 
types. In the first, the piston is maintained in constant contact with the 

pile head, while the blow is administered by means of a heavy cast-iron 
cylinder, moving up and down under steam pressure. An average cylinder 

will weigh a ton and its stroke will be 3 feet. In the second type the cylinder 
is affixed to the head of the pile and the hammer is attached to the piston. 
The disadvantage attaching to machines of the steam hammer type is the 
leakage of moisture from the cylinder, which softens the head of the pile 
under impact, and reduces it to a pulpy state. This necessitates cutting and 
dressing a fresh head, otherwise the power of producing penetration is much 

impaired.
In driving through sand and sandy gravel, very excellent assistance has 

been derived from the use of the water-jet. A pipe led down the side of the 
pile to be driven, transmits water under pressure to the ground in advance of 
the pile, and main tains the former in a state of fluidity until the required depth 
has been obtained. Immediately after the withdrawal of the pipe, the sand 
consolidates firmly round the pile and there is no further tendency to sinkage 
even under load. Piles treated in this manner rarely have pointed ends, as 
a butt end affords greater bearing area without appreciably increasing the 

difficulty of driving. Indeed, the perpendicularity of a butt-ended pile is 

more easily maintained.
The limit of driving varies so strikingly according to local requirements 

that no precise figure can be assigned to it. Obviously, a pile may support 
a light load with ease where a heavier one would cause sinkage. With a ram 
of one ton weight falling through 10 feet, the pile may justifiably be considered 
adequately driven when eight or ten blows fail to produce a depression of 
more than | of an inch. This will indicate the attainment of thoroughly 
firm ground, and any further attempts at driving will only tend to shatter the 
pile. Pile-ends become “broomed” or splintered under an excessive amount 
of impact. Apparently easy driving, after a check, may be due to this cause, 
and there is no means of ascertaining the faet except by withdrawing the pile.

Sustaining Power.—Piles, if completely embedded and driven to the 
limits stated above, may be loaded safely to the extent of half a ton per 
square inch of the area of the pile section. Those in soft, muddy ground,
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sinking fredy, say 1 inch per blow, at the end of driying operations should 

not be loaded with more than a tenth of a ton per square inch, and even 

then some slight settlement may be anticipated.1

Illustrative of the first class, the following instances may be cited of piles 

driven to refusal in various situations at the port of Liverpool :_

Nature of Super­
structure.

Sectional 
Dimensions 

of Pile.

Sectional
Area of Pile.

Length 
of Pile.

Total Load 
on Pile.

Load per 
sq. inch of 
Pile Area.

Riverside Warehouse . 
Quay Cargo Shed

Riverside Warehouse .

12" dia.
15" x 15"
12" x 12"
14"x l4"

sq. ins.
113
225
144
196

40' to 50' 
40' to 45'
40' to 45' 
40' to 45'

cwts. 
1568 
2296 
1170 
2177

13-88
10-20
812

11 11
——

At the port of New York, the conditions in many instances are sucli as 

to be typical of the second class. Along the North River, for example, where

Fic. 71. —Piled Foundation to New York Quay.

most of the transatlantic liners are berthed, a firm stratum cannot be reached 

by piles 80 feet long. Such piles, therefore, are dependent on the friction of

1 This figure relates to piles of ordinary size, say 12 inehes square in cross section. As a 
matter of faet, the supporting power depends upon the surface exposed to friction and there­
fore is governed by the sectional perimeter of the pile.
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mud against their sides to support both themselves and the load tliey cariy. 

And although, under ciroumstances of this kind, great sustaining power could 

hardly be expected, it is recorded that loads equivalent to 40 tons per pile 

have been safely carried. This figure, indeed, is very much in excess of the 

limit previously specified. At one-tenth of a ton per square incli a circulai 

pile, 18 inches diameter in the butt (such as is commonly used at New York), 

would only support 24 tons and a 22-inch pile not more than 36 tons.

Mr J. A. Bensel, engineer-in-chief of the Department of Docks and Ferries 

at New York, has carried out some experiments on the limiting capabilities of 

the piles employed there.1 A platform was built near the foot of Seventeenth 

Street, North Kiver, and the piles to be tested, all about 80 feet long, were 

driven in four groups within the area of the platform, and arranged as

Fie. 72.—Plan of Piled Platform of Quay Wall, New York Harbour;

follows :— Group I., plain, unlagged piles. Group II., piles lagged with four 

pieces of 5-inch by 6-inch lumber, 30 feet long. Group III., piles lagged 

as in Group II., but arranged in pairs, so as to obtain the effect of greater 

proximity, the piles in each pair being spaced 2 feet 8 inches apart. Group 

IV., piles lagged with two pieces of 5-inch by 6-inch lumber, and two pieces 

of 4-inch by 10-inch lumber, in lengths of 30 feet, this with the object of 

obtaining results for a different style of lagging.
The testing platforms were loaded with granite and concrete blocks 

eighteen davs after the last pile had been driven, thus affording the mud an 

opportunity of consolidating round the piles. A boring, taken at the site of 

the platform, indicated mud of uniform character to a depth of 100 feet below 

mean low water-line. The consistency of the mud at the top was such as to 

admit of the piles sinking by their own weight through 10 or 15 feet when 

lowered graduallyj a little further down the mud attained the consistency

1 Bensel on Dock Work in New York Harbour, Proc. Int. Eng. Cong. St Louis, 1904.
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o f  w e t  m o d e l l i n g  c l a y . T h e  d c p t h  o f  w a t e r  w a s  2 2  f e e t  b e l o w  m e a n  l o w  w a te r  

l e v e l ,  a n d  t h e  p i le s  w e r e  d r i v e n  b y  a  h a m m e r  w e i g h in g  a b o u t  3 0 0 0  I b s . ,  h a v i n g  

a  u n i f o r m  e f f e c t i v e  f a l l  o f  a b o u t  8  f e e t .

T h e  e x p é r i m e n t e  w e r e  s p r e a d  o v e r a  p e r io d  o f f i f t y - f o u r d a y s , w h e n  t h e y  

c a m e  t o  a n  a b r u p t  c o n c lu s io n  o w i n g  t o  t h e  f a i l u r e  o f t h e  p l a t f o r m  u n d e r  t h e  

w a s h  o c c a s io n e d  b y  t h e  p a s s a g e  o f  a  s t e a m s h i p . T h e  l a s t o b s e r v a t io n s  t a k e n  

s h o w e d  t h e  m a x im u m  s e t t l e m e n t  o f  a n y  t e s t  p i le  t o  b e  a b o u t 3 1  i n c h e s , a n d  

t h a t  t h e  s e t t l e m e n t  o f  t h e  w o r k i n g  p la t f o r m  i n  i t s  v i c in i ty  w a s  I f  i n c h e s . I t  

i s  t o  b e  n o t e d  t h a t  t h i s  l a t t e r  s e t t l e m e n t  t o o k  p l a c e  u n d e r  n o  l o a d  b e y o n d  t h e  

w e i g h t o f t h e  p i l e s a n d  t h e  t im b e r u p o n  t h e m , a n d  t h a t , t h e r e f o r e , t h e  

m a x im u m  s e t t l e m e n t  u n d e r  l o a d  o f  a n y  t e s t  p i l e  w a s  p r a c t ic a l l y  o n l y  l f  i n c h e s .  

A  s e t t l e m e n t  o f  t h i s  a m o u n t  a p p e a r s  t o  b e  n o t  u n c o m m o n  i n  l o c a l  p i e r s  f o r m e d  

o f  s im i l a r  p i le s , e v e n  b e f o r e  t h e  s t r u c t u r e  i s  f i n is h e d ,  o r  h a s  r e c e iv e d  a n y  o t h e r  

l o a d  t h a n  i t s  o w n  w e i g h t .

M r  B e n s e l , f r o m  v a r i o u s  c o n s i d e r a t i o n s i n d i c a t e d  i n  h i s  r e p o r t , c o n c l u d e s  

t h a t  t h e  u l t i m a t e  b e a r i n g  p o w e r  i n  t h e  u n l a g g e d  p i l e s o f G r o u p  I . m i g h t b e  

t a k e n  a t  2 0  t o n s  p e r  p i l e , a n d  t h a t  i n  t h e  r e m a i n i n g  g r o u p s  o f  l a g g e d  p i l e s  t h e  

u l t im a t e  b e a r i n g  p o w e r s  w o u l d  b e  3 0 , 2 0 J a n d  3 0  t o n s  r e s p e c t iv e l y , p e r  p i l e .

T h e  f o l lo w i n g  t a b l e  s h o w s d e t a i l s  o f t h e  o b s e r v a t io n s  m a d e  d u r i n g  t h e  

e x p e r i m e n t s . T h e  t o n s  a r e  g i v e n  i n  A m e r ic a n  u n i t s  o f 2 0 0 0  I b s . R o u g h l y ,  

t h e i r  é q u i v a l e n t v a l u e  i n  E n g l i s h  u n i t s  o f 2 2 4 0  I b s . m a y  b e  a r r i v e d  a t b y  

d e d u c t i n g  o n e - t e n t h . T h i s  m o d if i c a t io n  a p p l i e s  a l s o  t o  t h e  f i g u r e s  q u o t e d  i n  

t h e  p r e c e d in g  p a r a g r a p h .

P i l e  T e s t s  a t  N e w  Y o r k  H a r b o u r .
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8 1 7 3 9 0 0 1 9 4 9 '6 1 3 4 9 J 1 8 - 7
7 1 4 2 7 0 0 1 3 5 0 - 9 1 2 7 1 3 4 1 8 - 7
6 1 1 7 3 6 4 0 I I 4 5 '7 1 2 3 1 4 4 1 8 - 7
6 1 7 3 6 0 0 4 6 4 9 '6 2 2 0 4 3 1 - 8

6 4 1 5 2 9 4 0 5 8 5 0 - 1 2 1 9 3 g 3 1 - 8

7 4 1 6 3 4 5 0 4 6 5 1  - 0 2 3 3 4 3 1 - 8
8 1 6 4 3 7 0 0 6 9 4 9 ’3 2 3 8 3 3 1 '8

7 1 7 3 7 0 0 7 0 5 0 '7 2 4 7 3 1 2 8  0
8 1 7 4 4 0 6 0 7 0 4 9 '8 2 4 3 3 J 2 8 - 0

7 4 1 8 4 4 3 7 0 6 4 4 9 '0 2 4 1 3 2 8 - 0
9 1 8 4 4 5 0 8 0 4 9 9 2 5 0 2 1 ' 2 8 - 0
6 2 2 5 7 0 0 9 0 5 2 '6 2 5 7 2 3 2 8 '0

7 4 2 1 5 5 0 0 6 7 4 9 ’ 4 2 4 7 2 f 2 8 - 0

6 4 2 2 5 6 6 0 7 2 4 9 '7 2 4 3 2 Ï 2 8 - 0
9 1 9 4 8 7 0 8 3 4 8 '8 2 4 5 2 4 2 8 - 0
5 1 6 4 3 2 7 0 5 9 5 0 7 2 4 1 3 8 3 4 '6

1 0 1 8 4 4 8 7 0 7 7 4 9 - 4 2 4 7 2 A 3 4 - 6
7 4 1 9 4 6 0 0 4 4 4 7 T 2 3 1 4 8 3 4 '6
7 1 7 4 3 8 9 0 6 5 4 7 '8 2 3 3 2 8 3 4 6
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R e m a r k s .

U n l a g g e d  p i l e s  5  f t .  6  i n .  
a p a r t ; i n  p a i r s , 1 1  f t .  
6  i n .  a p a r t .

P i l e s s p a c e d a s a b o v e  
a n d  l a g g e d  w i t h  f o u r  
5 - in .  x  6 - in .  p ie c e s  3 0  f t  
l o n g .

P i l e s  l a g g e d  a s  i n  G r o u p  
I I . a n d a r r a n g e d i n  
t w o  l in e s  o f  t w o  p a i r s  
e a c h , t l i e s p a c e b e -  
t w e e n  e a c l i l in e  b e i n g  
1 1  f t . 6  i n . ; b e t w e e n  
t h e  p a i r s  i n  e a c h  l in e  
5 f t .  6  i n .  ; a n d  b e tw e e n  
t h e  p i l e s  i n  e a c h  p a i r ,  
2  f t .8  i n .

P i l e s  s p a c e d  a s  i n  G r o u p  
I I .  a n d  l a g g e d  w i t h  t w o  
p i e c e s  5  i n .x 6  i n .  a n d  
t w o  p i e c e s  4  i n .  x  1 0  i n .  
a l l  3 0  f t .  l o n g .
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o f  w e t m o d e llin g  c la y . T h e  d e p th  o f  w a te r  w a s  2 2  f e e t b e lo w  m e a n  lo w  w a te r  

le v e l , a n d  th e  p i le s w e re  d r iv e n  b y  a  h a m m e r  w e ig h in g  a b o u t  3 0 0 0  Ib s . , h a v in g  

a  u n ifo rm  e f fe c t iv e  f a l l o f  a b o u t 8  f e e t .

T h e  e x p e r im e n ts  w e re  s p re a d  o v e r a  p e r io d  o f f i f ty - fo u r d a y s , w h e n  th e y  

c a m e  to  a n  a b ru p t c o n c lu s io n  o w in g  to  th e  f a i lu re  o f th e  p la tfo rm  u n d e r th e  

w a s h  o c c a s io n e d  b y  th e  p a s s a g e  o f  a  s te a m s h ip . T h e  la s t o b s e rv a tio n s ta k e n  

s h o w e d  th e  m a x im u m  s e t tle m e n t o f  a n y  te s t  p i le to  b e a b o u t 3 J in c h e s , a n d  

th a t th e  s e tt le m e n t o f  th e  w o rk in g  p la tfo rm  in  i ts  v ic in i ty  w a s I f in c h e s . I t  

i s  to  b e  n o te d  th a t th is  la t te r  s e t tle m e n t to o k  p la c e  u n d e r  n o  lo a d  b e y o n d  th e  

w e ig h t o f th e p i le s a n d th e t im b e r u p o n th e m , a n d th a t, th e re fo re , th e  

m a x im u m  s e t tle m e n t u n d e r  lo a d  o f  a n y  te s t  p i le  w a s  p ra c t ic a l ly  o n ly  i f  in c h e s .  

A  s e tt le m e n t o f  th is  a m o u n t  a p p e a r s  to  b e  n o t u n c o m m o n  in  lo c a l  p ie r s  fo rm e d  

o f  s im ila r  p i le s , e v e n  b e fo re  th e  s t ru c tu re  i s  f in is h e d , o r  h a s  r e c e iv e d  a n y  o th e r  

lo a d  th a n  i ts  o w n  w e ig h t .

M r  B e n s e l, f ro m  v a r io u s c o n s id e ra t io n s in d ic a te d in  h is r e p o r t , c o n c lu d e s  

th a t th e  u l t im a te  b e a r in g  p o w e r  in  th e  u n la g g e d  p i le s o f G ro u p  I . m ig h t b e  

ta k e n  a t 2 0  to n s  p e r  p i le , a n d  th a t in  th e  r e m a in in g  g ro u p s  o f  la g g e d  p i le s  th e  

u l t im a te  b e a r in g  p o w e rs  w o u ld  b e  3 0 , 2 0 J a n d  3 0  to n s  r e s p e c tiv e ly , p e r  p i le .

T h e fo l lo w in g ta b le s h o w s d e ta ils o f th e  o b s e rv a t io n s m a d e ’ d u r in g  th e  

e x p e r im e n ts . T h e  to n s  a re  g iv e n  in  A m e r ic a n  u n i ts o f 2 0 0 0  Ib s . R o u g h ly  

th e ir é q u iv a le n t v a lu e in  E n g lis h u n i ts o f 2 2 4 0  Ib s . m a y  b e  a r r iv e d  a t b y  

d e d u c tin g  o n e - te n th . T h is  m o d if ic a tio n  a p p l ie s  a lso  to  th e f ig u re s q u o te d  in  

th e  p re c e d in g  p a ra g ra p h .

P i l e  T e s t s  a t  N e w  Y o r k  H a r b o u r .
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R e m a rk s .

I .

in s . in s . Ib s . f t . s q .  f t . in s . to n s . in s . in s .

- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -

1 8 1 8 4 2 0 0 2 6 4 8 1 3 9 8 1 8 ’3 i  

i

U n la g g e d  p i le s  6  f t . 6  in .  

a p a r t ; in  p a ir s , 1 1  f t .  
6  in . a p a rt .

8

7

1 7

1 4

3 9 0 0

2 7 0 0

1 9

1 3

4 9 '6

5 0 '9

1 3 4

1 2 7
9 1

1 3 1

1 8 '7

1 8 -7
4 6 * 1 7 3 6 4 0 1 1 4 5 '7 1 2 3 1 1 1 1 8 -7

I I . 1 6 1 7 3 6 0 0 4 6 4 9 -6 2 2 0 4 3 1 -8 H  

1 A  

H

5
P ile s s p a c e d a s a b o v e  

a n d  la g g e d w ith  fo u r  

5 - in .  x  6 - in .  p ie c e s  3 0  f t

2

3

6 i

7 4

1 5

1 6

2 9 4 0

3 4 5 0

5 8

4 6

5 0 -1

5 1  -0

2 1 9

2 3 3
3 8

4

3 1 -8  

3 1 -8

i f f  

A  

A

I II .

4 8 1 6 4 3 7 0 0 6 9 4 9 -3 2 3 8 3 3 1 -8 l i A
lo n g .

1 7 1 7 3 7 0 0 7 0 5 0 7 2 4 7 3 1 2 8  0 1 *  

1 1
P ile s  la g g e d  a s  in  G ro u p  

I I . a n d a r ra n g e d in
2 8 1 7 4 4 0 6 0 7 0 4 9 ’8 2 4 3 3 1 2 8 -0

8  

£
3 7 4 1 8 4 4 3 7 0 6 4  ; 4 9 -0 2 4 1 3 2 8 '0 1 1 tw o  l in e s o f tw o  p a irs

4 9 1 8 4 4 5 0 8 0  ! 4 9  9 2 5 0 2 8

2 8

2 8 '0 U e a c h , th e s p a c e b e ­

tw e e n  e a c h  l in e  b e in g  

1 1 f t. 6 in . ; b e tw e e n  

th e  p a ir s  in  e a c h  l in e  

5 f t .  6  in .  ; a n d  b e tw e e n  
th e  p i le s  in  e a c h  p a ir , 
2  f t . 8  in .

P ile s  s p a c e d  a s  in  G ro u p  

I I .  a n d  la g g e d  w ith  tw o

5 6 2 2 5 7 0 0 9 0 5 2 '6 2 5 7 2 8 -0
T ff  

1 A
6 7 4 2 1 5 5 0 0 6 7 1 4 9 '4 2 4 7 2 1 2 8 -0 1 1 1
7 5 4 2 2 5 6 6 0 7 2 4 9 '7 2 4 3 2 .7 2 8 '0 1 1

IV .

8 9 1 9 4 8 7 0 8 3 4 8 -8 2 4 5 2 1 2 8 '0 1 1

s

1 5 1 6 4 3 2 7 0 5 9 5 0 7 2 4 1 3 f 3 4 '6 g  

i
2 0 1 8 4 4 8 7 0 7 7 4 9 -4 2 4 7 2 1 3 4 -6
3 7 4 1 9 4 6 0 0 4 4 4 7 -1 2 3 1 4 i 3 4 ’6 IH

1

p ie c e s  6  in .x 6  in . a n d

4 7 1 7 4 3 8 9 0 6 5 4 7 '8 2 3 3 2 1 3 4 '6 X T ß
tw o  p ie c e s  4  in .  x  1 0  in .  
a ll  3 0  f t.  lo n g .



EXPERIMENTAL PLATFORM FOR TESTING EFFICIENCY OF LAGGED PILES.
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The following data1 relating to piles driven at Portsmouth Dock Yard 
extension constitute a typical record of ordinary experience in driving piles into 
very firm ground. The ground consisted of a regularly stratified, argillaceous 

sand, containing perhaps half its bulk of pure clay. The beds were fine, some of 
them not being half an inch thick, wholly impervious to water across the strati­

fication, and very slightly, if at all, pervious in the direction of stratification.
All the piles were of fir 17 feet 4 inches long and 13| inches square. Six 

of them were driven by hand by five men with a monkey weighing 15 cwts., 
and six by steam with a monkey weighing 22 cwts. The maximum fall in 

the first case was 21| feet, and in the second case 14{ feet.

Pile.
Time in 
Driving.

No. of 
Blows.

Max. 
Fall.

Final 
Depression.

Total 
Penetration.

Remarks.

1
2
3
4
5
6
7
8
9

10
11
12

hrs.
14
12 
154 
15 
181
14

31
2
14
24
2
31

228
137
179
169
270
181
265
255
280
180
228
130

ft. ins.
19 0
20 1
21 6
21 10
21 9
21 7

7 8
14 3

9 5
10 9
10 8

9 10

ins.

4

i 
4

A 
i 
4 

V

ft. ins.
12 9
11 8
12 3
12 4
13 11
13 2
10 6 <
14 3
14 8
14 0
13 9
11 0

-
S

te
am

 m
ac

hi
n

e.
 H

an
d

 m
ac

hi
ne

.

Piles in all cases ex- 
cept two driven to 
the stage of pro- 
nounced or incipient 
splitting. In cases 
9 and 12, as much 
as 3 feet and 4 feet 
6 inches respectively 
had to be cut off the 
top of the piles from 
this cause.

Formulæ professing to give the exact sustaining power of piles are 
numerous, radically different in form, and conflicting in results. They are to 
be found in all engineering pocket-books, and little advantage would be 
derived from quoting them here. Some are extremely complex, embodying 
elements which have little or nothing to do with the capabilities of a pile to 

sustain an imposed load. When all has been said, it must be evident that 
the true test of sustaining power is the resistance offered to the final blow. 
The leugth, weight, and modulus of elasticity of the pile, are factors possessing 
no practical value, and a simple formula, linking up the weight of the ram 
and its fall with the resulting depression, should give all that is required. 
Major Saunders’s formula is certainly based on these lines, but, unfortunately, 

it does not adapt itself to all cases. Thus, with a depression of ^ inch under 

the last blow of a 2000-lbs. ram falling 9 feet, the safe load becomes 270,000 
Ibs. To sustain such a load, a pile, in the author’s estimation, should be not 
less than 15| inches square, and, by Rankine’s rule, 16| inches. Any pile, 
therefore, of less dimensions would be incapable of supporting so heavy a load 
with reasonable regard to safety, whereas, as a matter of fact, many 11- and 
12-inch piles have been driven to comply with the standard stated in the 
formula. The values given by the formulæ of other authorities for similar 
conditions are as follows :—Haswell, 30,000 to 60,000 Ibs. ; Weisbach, 26,800 
to 28,000 Ibs.; Wellington, 32,727 Ibs.; Trautwine, 32,460 to 97,380 Ibs.,

1 Min. Proc. Inst., C.E., vol. xliv. p. 204.
6



8 2 H A R B O U R  E N G I N E E R I N G .

t h e  r a n g e  i n  e a c h  c a s e  b e in g  d u e  t o  t h e  l im i t s  i n  t h e  c o e f f ic i e n t o r f a c to r o f  

s a f e ty , w h ic h  m u s t a lw a y s r e m a in  a m a t te r o f c o n je c tu r e a n d  a r b i t r a r y  

s é le c t i o n . T h e  m u l t ip l e s , i n  f a e t , l i e  a n y w h e r e  b e tw e e n  |  a n d

A n o th e r  a n d  n o  l e s s  e s s e n t i a l p o in t  t o  b e  n o te d  i s  t h a t  t h e  v a lu e s  o b ta in e d  

b y  t h e s e  f o r m u læ  r e l a te  s o l e ly  t o  l o a d s  im p o s e d  u p o n  p i l e s w h ic h  a r e  c o m -  

p le te ly  e m b e d d e d  i n  t h e  g r o u n d . I n  s o  f a r , t h e r e f o r e , a s a  p i l e  a c ts  m e r e ly  

a s  a  f o u n d a t io n  f o r  a  p ie r  c o lu m n , t h e  f o r e g o in g  e s t im a te s  o f i t s  r e s is t a n c e  t o  

p r e s s u r e a r e  s t r i c t l y  a n d  l e g i t im a te ly  a p p l ic a b l e . B u t w h e n  a  p i l e  i s o n ly  

p a r t i a l l y  e m b e d d e d  i n  t h e  g r o u n d , t h e  c a lc u l a t io n s  f o r i t s  s t a b i l i t y  a r e  o f a  

d u a l  n a tu r e : f i r s t , a s  a  p i l e  p u r e  a n d  s im p le  u p  t o  t h e  s u r f a c e  o f  t h e  g r o u n d ,  

a n d  s e c o n d ly , a b o v e  t h e  g r o u n d  l e v e l , a s  a  c o lu m n  o r  s t r u t .

T h i s  a s p e c t  o f  t h e  c a s e  c a l l s  f o r  c a r e f u l  c o n s id e r a t io n ,  b e c a u s e  a  f r a m e w o r k  

w h a r f , o r  p ie r , m a y  f a i l t h r o u g h  t h e  f l e x u r e  o f i t s v e r t i c a l m e m b e r s a s  m u c h  

a s  t h r o u g h  t h e  s u b s id e n c e  o f  t h e i r  b a s e s . T h e  l o n g e r  t h e  u n s u p p o r t e d  l e n g th ,  

t h e l e s s b e c o m e s t h e p e r m is s ib le l o a d . A n d  i t f o l l o w s , a s a n  o b v io u s  

c o r o l la r y , t h a t c r o s s a n d  d ia g o n a l b r a c in g  s h o u ld  b e  i n t r o d u c e d  f r o m  t h e  

l o w e s t  l e v e l a t  w h ic h  i t  b e c o m e s  p r a c t i c a b le .

F a i lu r e  b y  f l e x u r e  i n v o lv e s  a n  i n v e s t i g a t io n  o f t h e  r e la t i v e  v a lu e s  o f t h e  

r e s is t a n c e  o f  a  m a te r i a l t o  t e n s io n  a n d  c o m p r e s s io n . W ith in  t h e  l im i t s  o f t h e  

p r e s e n t  t r e a t i s e , i t  i s  n o t  f e a s ib le  t o  e n t e r  i n to  a l l  t h e  d e t a i l s  o f  s o  c o m p le x  a  

p r o b l e m . N e i th e r  i n  t h e  p r e s e n t c o n n e c t i o n  i s i t e v e n  d e s i r a b l e . G o r d o n ’s  

w e l l - k n o w n  f o r m u la  f u r n i s h e s  a l l t h e  i n f o r m a t io n  n e c e s s a r y  f o r e m p i r i c a l l y  

d e t e r m in in g  t h e  l im i t i n g  l o a d  o n  c o lu m n s , w h e th e r  i n  t h e  s e a  o r a s h o r e , a n d  

a n y  f u r th e r i n f o r m a t io n  o n  t h e  s u b je c t s h o u ld  b e  s o u g h t i n  w o r k s  d e a l in g  

s p e c i a l l y  w i th  c o lu m n s  a n d  s t r u c tu r a l  w o r k  g e n e r a l l y .

G o r d o n ’s  f o r m u la  f o r  t h e  d e t e r m in a t io n  o f t h e  l im i t i n g  l o a d s  o n  l o n g  

c o lu m n s  o r  s t r u t s  m a y  b e  e x p r e s s e d  a s  f o l l o w s  :  —

1

w h e r e  p = u l t im a te  l o a d  p e r  s q u a r e  i n c h  o f  s e c t i o n a l  a r e a ;

f — c o m p r e s s iv e  s t r e s s  p e r  s q u a r e  i n c h  o f  t h e  m a te r i a l ;

y = r a t io  o f l e n g th  o f c o lu m n  t o  i t s  d ia m e te r , o r  t o  i t s  l e a s t d im e n s io n  

i n  c r o s s - s e c t io n  ;

a— c o e f f i c ie n t g iv e n  i n  t a b le  b e lo w .

T h e  u l t im a te  c o m p r e s s iv e  s t r e s s  ( / )  m a y  b e  t a k e n  a s f o l l o w s , a c c o r d in g  t o  

t h e  m a te r i a l  o f  w h ic h  t h e  s t r u t  i s  c o m p o s e d  :—

T h e  v a lu e s  o f  t h e  c o e f f i c i e n t a  a r e  g iv e n  i n  t h e  s u b jo in e d  t a b l e ,

T im b e r . . 2  t o  4  t o n s  p e r  s q u a r e  i n c h .

W r o u g h t  i r o n . 1 6 » , H

M ild  s te e l 3 0 n  n

C a s t  i r o n 4 0 »  ,>

C o n c r e t e  ( 4  t o  1 ) . . 2 »  > ,

d o ( S  t o  l ) . .  1 > 5  > 5
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C o e f f i c i e n t s  i n  G o k d o n ’ s  F o r m u l a .

M a te r ia l . C r o s s  S e c t io n .

V a lu e s  o f  a.

B o th  e n d s  

r o u n d e d .

B o th  e n d s  

f ix e d .

O n e  e n d  r o u n d e d ,  

o n e  f ix e d .

T im b e r . R e c ta n g u la r  o r  c i r c u la r . ih f in T in

W r o u g h t  i r o n R e c ta n g u la r .  . 1

C ir c u la r  ( s o l id  o r  h o l lo w )  f 2 /0 7 î ïw T A V S

LT+D=Ii_l 1 1 7 5 n in a H

C a s t  i r o n C ir c u la r  ( s o lid ) 1 0 0 T H y in

, , ( h o l lo w ) . 

R e c ta n g u la r .
l i in A in n in

3  
in n n A T A

R e in f o r c e d [

C ro s s - s h a p e d  . . . v is
3  

n n n s iv

C irc u la r  ( s o l id ) . S O IT ’ A o i s h i

c o n c r e te ( R e c ta n g u la r  ( s o l id ) T S Ï n o n T A T

I n  th e  c a s e  o f  c o m p o u n d  c o lu m n s  o f  c o n c r e te  a n d  s te e l  ( r e in f o rc e d  c o n e r e te ) ,  

i t  i s  n e c e s s a r y  to  f in d  th e  e q u iv a le n t s e c t io n a l  a r e a  in  t e r m s  o f  o n e  m a te r ia l  a n d  

m a k e  th e  e n s u in g  c a lc u la t io n s  o n  th a t b a s is . T h u s , i f p b e  th e  r a t io  o f th e

E
c o e f f ic ie n t o f e la s t ic i ty  o f  s te e l to  th a t  o f  c o n c r e te , th a t i s , i f  p = ^  , th e n  a n  

a r e a  A  o f  s te e l  i s  e q u iv a le n t in  r e s is ta n c e  to  a n  a r e a  p A  o f  c o n c r e te . I f A  i s  

th e  a r e a  o f  a  r e in f o r c e d  c o n c r e te  s e c t io n  ( in c lu d in g  th e  a r e a  o f th e  s te e l r e ­

in f o r c e m e n t ) , a n d  A , i s  th e  a r e a  o f th e  s te e l , th e n  th e  e q u iv a le n t  s e c t io n  A ( in  

s im p le  c o n c r e te  w ill  b e
A c =  A + ( p  -  l ) A a .

T h e  s t r e n g th  o f  a  r e in f o r c e d  c o n c r e te  p i le  c a n  th e r e f o r e  b e  d e te r m in e d  b y  

t r e a t in g  i t  a s  a  s im p le  c o n c r e te  p i le  o f a u g m e n te d  a r e a , th e  e q u iv a le n t a r e a  

b e in g  d e te r m in e d  a s  a b o v e . T h e  v a lu e  o f  d in  th e  t a b le  c o r r e s p o n d s to  th i s  

m e th o d  o f  t r e a tm e n t . T h e  v a lu e  o f  p m a y  b e  t a k e n  a s  1 5 " .



CHAPTER V.

STONE: NATURAL AND ARTIFICIAL.

Stone Supplies —Qualities désirable—Density and Hardness—Weight of Stone—Obtainment 
—Mine Firing—Drilling Operations—Implements—Charging—Taniping—Firing— 
Fuses and Detonators—Seam Firing—Wedging—Blasting Agents—Description 0 of 
Quarrying Operations for Breakwaters at Goodwiek, Alderney, and Holyhead—Concrète 
—Its Ingredients -Their Qualities and Proportions—Sea-water in its relationship to 
Concrète—Model Spécification for Concrete in Maritime Works—Japanese Standards.

Stone.

Natural Stone.—One of the most important considérations in connection 

with the construction of a breakwater is the supply of stone. Even in the 

case of those breakwaters which consist mainly of concrete blocks, it is 

eminently desirable, from an economical point of view, to pack the concrete 

with as many stone burrs, plums, or displacers, as possible. And in mound 

breakwaters a plentiful supply of rubble is obviously a paramount requirement.

The matter opens out into two branches. First, there is the quality of 

the stone, and secondly, the cost of obtaining it. The former question involves 

a considération of physical characteristics and chemical qualities ; the second, 

the proximity of a suitable quarry and the means of transport.

Quality.—In regard to physical characteristics, there are two features 

of pre-eminent importance—density and hardness. Density, or high specific 

gravity, is essential, because, when immersed in water, a stone loses a very 

considerable part of its effective weight; and when the sea is in motion, its 

stability as an inert mass is thereby reduced to a very great extent. Further- 

more, if, compared with its weight, the stone possess a very large bulk, it 

presents a correspondingly large surface to wave action, thus increasing the 

scope or field of the disturbing force. These two factors of volume and weight 

must therefore be taken into joint considération ; they show that the smaller 

the surface area of a stone and the greater its unit weight, the less likelihood 

there is of disturbance. In other words, the higher the specific gravity, the 

greater the stability.

A concrete example will perhaps render this fact clearer. Take two 

blocks of stone of the same size—say exact cubes, each containing one cubic 

yard—but with specific gravities, represented in one case by 3 and in the 

other by 2. In air, the weights are 5184 Ibs. and 3456 Ibs. respectively.

84
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In sea-water, the weights (after deducting the weight of the volume of water, 

which is the same for both) are 3456 Ibs. and 1728 Ibs.—a ratio of 2 to 1, 

representing an increase of 33 per cent. As the exposure to wave-stroke is 

the same in both cases, it is obvions that, when immersed, the stability of one 

block has relatively increased from half as much again to twice that of the other.

The second point is hardness, or durability. A good stone in this respect 

is one which is dense, compact, impervious, and free from all susceptibility to 

disintegration. In maritime situations, stones are subjected to much wear and 

friction—certainly more so than on land. The swell of the sea keeps those of 

sma.11 size in a state of continuai agitation, rolling them over one another and 

chafing them until they assume that smooth spherical or ellipsoidal form 

which is so characteristic of pebbles along the beach. Moreover, in stormy 

weather, shingle, shells, and gravel are taken up by the waves and dashed 

with tremendous force against any surface upon which the waves happeu to 

break. The efiect of continuai impact of this kind is to wear away even the 

hardest masonry. Wave action is supplemented by that of the wind, which 

blows sand in great volumes with the severity of a sand-blast. The cumulative 

results of abrasion and attrition are to be observed on any rocky coast, where 

towering cliffs stand honeycombed and fretted into fantastic shapes, while the 

strand is strewn with the comminuted fragments of quondam boulders.

The chemical qualities of a stone are not perhaps of such striking 

importance as its physical characteristics, but they are nevertheless deserving 

of considération. The acidity and salinity of sea-water may, and often does, 

bring about molecular changes in minerals containing soluble salts. Certain 

compounds of lime are decomposed and softened by sea-water, and they also 

give rise to the formation of other compounds which tend to destroy the 

cohesion of the material of which they are ingredients, by producing cracks and 

fissures. Caustic lime and caustic magnesia, which are to be found in inferior 

and imperfectly made artificial stone or concrète—more rarely in natural 

stone,—are causes of disintegration by reason of their expansion under 

hydration, and also on account of their solubility. Still, on the whole, the 

chemical aspect of the question assumes a secondary importance, because 

those rocks which corne under the category of minerals available for marine 

purposes, on account of their physical properties, are mostly, if not altogether, 

free from unstable constituents. The only exception, perhaps, is granite, 

which is a composition of three minerals—quartz, felspar, and mica, in a state 

of physical, not chemical, incorporation. Of these, the quartz is durable beyond 

cavil—it is practically indestructible; but certain varieties of felspar are 

liable to decomposition, and the mica is always more or less easily disintegrated. 

Nevertheless, granites, as a class, have gained a high reputation for strength 

and permanence, and it is only in very inferior qualities that the imperfections 

just mentioned manifest themselves, or where any appreciable deterioration is 

produced by natural agencies.

The heaviest and most durable varieties of stone are, generally speaking, 

those of igneous origin, such as basalts, granites, and traps, and metamorphic
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rocks such as quartzite. M any of the harder sedim entary rocks, though  

suitable in other respects, are unfortunately subject to the depredations of 

tw o troublesom e m olluscs, the Pholas dactylus and the Saxieava, both of 

w hich attack lim estone and sandstone. Lim estone blocks at Plym outh  

breakw ater have had to be replaced by granite blocks on account of the  

ravages of the Pholas, w hich has already been m entioned in connection w ith  

its attacks on tim ber structures. B oring its holes in close proxim ity  to one  

another, it honeycom bs m asonry w ork until it brings about its destruction.

The w eights and  specific gravities of stone suitable for m aritim e purposes  

are som ew hat as follow s. It w ill be understood, of course, that there is often  

a considerable range of w eight in m aterial of the sam e class, according to  

locality , ow ing to variations in com position and texture.

W e ig h t  a n d  S t r e n g t h  o f  S t o n e .

W eiglit in  Ibs. 

per cub. ft.
C rushing  Load in  

Ibs. per sq. in .
Specific G ravity .

; G ranites. 160  -  190 8,000  -  14,000 2 ’5 to  2 ’97
B asalts and  Traps . 170-199 8,000  -  16,000 2'65 to 2-97
Lim estones 130-170 3,000- 9,000 2 ’03 to 2 ’65
Sandstones 150-170 2,000- 8,000 2-34 to 2 ’65

G ranite has been used in the construction of tw o notable breakw aters in  

th is country  — those of Plym outh and Portland. The stone used at Plym outh  

cam e from  the quarries of C olcerrow  and R oughtor in C ornw all and Pew tor in  

D evonshire. Penryn in Leicestershire, in addition to C ornish quarries, 

supplied stone to Portland, w here a large quantity of the local lim estone w as 

also used. H olyhead breakw ater w as built of A nglesea stone, w hich, 

nom inally a granite, is really a quartzite. A lderney breakw ater consista 

m aiuly of the native M annez stone, a sandstone grit of such extraordinary  

hardness as to exceed that of the neighbouring G uernsey granite.

O btainm ent.— N ext to the selection of a stone cornes the  question  of the  

facilities for its obtainm ent and the cost of conveyance. C ertain breakw aters  

have been so fortunate as to be located in the im m ediate neighbourhood of a  

suitable quarry. In other cases stone has had to be transported from som e  

distance. G enerally  speaking, upon  a rocky coast stone is likely to be fairly  

pleutiful and cheaply procurable; on a sandy shore, w here stone is not so  

accessible, other form s of construction, such as fascine w ork, m ay com m end  

them selves to preference on econom ical grounds.

Q uarrying ’.—  The art of quarrying is one w hich is often applied to  

spécial purposes: som e quarries being m ainly w orked for building blocks and  

others alm ost entirely for setts and road m etalling. O bviously, neither of 

these departm ents claim any attention here. Stone w hich is required for 

breakw ater purposes is of an in term ediate character— not so sm all as for 

m acadam , nor so regular as for architectural w ork. The rubble w hich is
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desirable for maritime undertakings is of varying size, and, in fact, is such as 

results more or less naturally from the simple blasting of rock. Except for 

copings and string courses, no dressing is required, and the main bulk of the 

work is executed in blocks of irregular size and shape. In order to obtain 

these blocks to fairly large dimensions, some discrimination has to be exercised 

both in regard to the manner of boring the holes for blasting purposes 

and the nature and amount of the charges employed.
Much, of course, depends upon the disposition of the working face of the 

quarry and its relationship to the strike and dip of the strata. Natural 

joints and beds should obviously be taken advantage of to the fullest extent. 

These features are most irregular and uncertain in the igneous rocks, and 

therefore call for the aid of some skill and experience in their utilisation.

When blasting operations are projected on a large scale, the system of 

mine firing ’ is adopted, and headings are driven in from a vertical face, or 

shafts are sunk from the top—the relative economy of these methods being 

dépendent ou the height of the quarry escarpment. Drainage and ventilation 

are more readily assured by the use of headings. In this case galleries are 

fornied of the smallest possible sectional area consistent with the working 

space required for a man in each ; they are arranged zigzag in direction or 

with one or more abrupt turns, and they terminate in chambers which are 

filled with explosives. Shafts, on the other hand, are straight and vertical.

Mine firing, which produces buge downfalls of stoue—ranging, in many in­

stances, from 100,000 tons to 500,000 tons—results in the dislodgment of so 

many and such enormous masses of rock that these last have to be again broken 

up into serviceable sizes by nieans of smaller charges. The method, there­

fore, does not altogether obviate the alternative system of small-charge firing, 

which, in less extensive operations, is more generally adopted.

Drilling - Operations.—For the purpose of boring the necessary holes, 

either to receive the blasting charge proper or as a preliminary in the forma­

tion of a shaft or heading, various kinds of drilling instruments are employed, 

including the jumper, the haud-drill, and the machine drill. Of these, the two 

former involve manual labour; the last is mechanical and automatic. Where 

the work is sufficiently extensive to justify the initial cost of installation, 

there can be little doubt as to the superior economy and efficiency of machine 

drills. They can be worked much more accurately and with greater ease and 

convenience, there being situations where the application of hand-drilling 

would prove awkward, tedious, and slow.
The Jumper is an Implement worked by one or several men. It consiste 

of a long heavy bar of steel, sometimes circular or cruciform in section, but 

generally octagonal. The length varies from 6 to 8 feet, and, thougli not 

commonly the case, the bar is sometimes thickened in the middle in oidei to 

give increased momeiitum to the blow. In drilling a vertical hole, the jumper 

is lifted and allowed to fall, its uprightness being maintained throughout. It 

is caught at each rebound and raised again, being given, at the same time, a 

slight turn. For horizontal work, the drill is swayed backwards and forwards
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and slowly rotated as before. One drawback of the jumper is its liability to 

deflection from its assigned direction if it happens to corne across a vein of 

harder material. Guidance is practically absent at the moment of impact.

The Hand-drill is a short steel bar of octagonal section, manipulated either 

by one man, who holds the bar with one hand while he strikes it on the head 

with a hammer held in the other, or by two, or even three men, one of whom 

acts as holder and the others as strikers. The command over a hand-drill is 

more effective in maintaining its alignment than it is in the case of a jumper.

The limiting amount of useful penetration by the hand-drill is about 2 

feet and it is chiefly used for making the short plug-holes, some few inches in 

depth, which enable large blocks to be split up into smaller pieces. The 

jumper may be effectively used for holes of from 3 to 4 feet in depth. The 

rate of progress in either case depends, of course, mainly on the hardness of 

the rock, and, in the second place, on the diameter of the hole, but it may be 

ta en, on an average, at from 1 foot to 5 feet per hour; the former rate for holes 

of 2 inches diameter in granité, and the latter for IJ-inch holes in limestone.

At the Kirkmabreck granite quarry, the following rates of work obtain • 

viz., three men will bore about 7 feet per day of 2j-inch hole, and 84 feet per 

day of 2-inch hole. Of plug-holes 9 inches deep, three men will drive 24 feet 

per day to 1J inches diameter, and 32 feet per day of holes f inch diameter 

and 4 inches deep. One man alone can do 14 feet per day of «-inch plug- 
holes 3 inches deep. 8 r a

Machine drills are either rotary or percussive in action, and are actuated 

vanously by steam, compressed air, water under pressure, and electricity.

Purely rotary drille generally take the form of a tube with an annular 

cutting edge, formed either with hardened steel teeth or with a row of

Fig . 74.—Core-bit or Cutting Edge of 
Rotary Drill, set with Diamonds.

Fig . 75. —Core Lifter.

diamonds. In the Brandt drill, steel teeth are forced against the surface of 

the rock under enormous hydraulic pressure, while the tube makes from live 

to eight revolutions per minute. In the ordinary diamond drill, the periphery 

of the “core-bit,” as it is termed, has a number of diamonds embedded in it 

and rotation is much more rapidly performed—from 200 to 400 revolutions per 

minute. The core, which results from the action of the tube, is subsequently 

broken off and withdrawn by a “core-lifter,” which forms part of the internal 
mechanism of the drill.

The annular form of such drills lends itself to the supply of water to the
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point of incision, an adjunct which is of decided advantage in all forms of 

drilling, whether by hand or mechanism. In this respect hydraulic motive 

power may serve a double purpose, the waste water from the pressure cylinder 

acting also as a lubricant and dust preventer.

Percussion drills, which also have a subsidiary rotary movement, conform

to the principle of the manual drill 

in that they are driven forcibly 

against the rock by steam or other 

pressure. The essential parts are 

a cylinder and piston, the latter of 

which receives the pressure alter- 

nately on eacli of its faces and acts 

as a combined hammer and drill, 

or perhaps more closely resembles 

the jumper. The drill rod proper 

is solid throughout and attached 

to the end of the piston. It is 

provided with a cutting edge or bit, 

of I, X,1 or Z shape. The bit 

requires sharpening every 2 to 4 

feet of penetration. The pressure 

employed is about 60 to 70 Ibs. 

per square inch. About 300 blows 

are delivered per minute, and the 

rate of progress ranges from 3 to 

10 feet per hour when the diameter 

of the hole lies between 1 and 2 

inches. One man suffices to operate 

a machine, which may comprise 

several drills, but two or three 

men are required to transport it,
Fro. 76.-—Ingersoll Percussive Drill.

and two are generally in attendance. In granite, two men working a steam

Fiö. 77. —Section of Ingersoll Drill.

drill can do about three times the amount of work which would be done by 

hand in the same time.

1 An X shape is preferable to an exact cross, as it affords less likelilrood of the same 

grooves being struck repeatedly.
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T h e  c u t t i n g  e d g e s ,  o r  “  b i t s , ”  o f  p e r c u s s i v e  d r i l l s ,  t h e  w i d t h s  o f  w h i c h  

r a n g e  d o w n w a r d s  f r o m  4 ,  o r  e v e n  5  i n c h e s  i n  m e c h a n i c a l  d r i l l s  a n d  f r o m  

F i g .  7 8 .  — D r i l l  S t e e l s .

2  i n c h e s  i n  m a n u a l  d r i l l s ,  a r e  s l i g h t l y  w i d e r  t h a n  t h e  

s h a n k s  o f  t h e  b a r s  o n  w h i c h  t h e y  a r e  w o r k e d ,  i n  

o r d e r  t o  e n s u r e  t h e  n e c e s s a r y  c l e a r a n c e  i n  d r i v i n g .  

F o r  t h e  s a m e  r e a s o n ,  t h e  d i a m e t e r  o f  t h e  d r i l l  i s  

d i m i n i s h e d  a s  t h e  d e p t h  a t t a i n e d  i s  i n c r e a s e d ,  a t  t h e  

r a t e  o f  a b o u t  T \  i n c h  e v e r y  1 8  i n c h e s  d r i l l e d  b y  h a n d ,  

a n d  a b o u t  |  i n c h  e v e r y  2  f e e t  d r i l l e d  b y  m a c h i n e .  

T h u s  a  2 0 - f o o t  h o l e  c o m m e n c i n g  w i t h  a  d i a m e t e r  o f  

3 |  i n c h e s  a t  t h e  t o p  w o u l d  b e c o m e  r e d u c e d  t o  2  i n c h e s  

b y  t h e  t i m e  t h e  b o t t o m  w a s  r e a c h e d .

C h a r g i n g * . — A f t e r  d r i v i n g  h a s  b e e n  c o m p l e t e d  t o  

t h e  r e q u i r e d  e x t e n t ,  t h e  h o l e  i s  c l e a r e d  o f  d é b r i s  a n d  

m o i s t u r e  p r i o r  t o  t h e  i n s e r t i o n  o f  t h e  c h a r g e . T h e  

a m o u n t  o f  t h e  c h a r g e  i s  c a l c u l a t e d  o n  t h e  s a m e  

p r i n c i p l e  a s  t h a t  w h i c h  u n d e r l i e s  t h e  p r e p a r a t i o n  o f  

t h e  b o r e h o l e ,  v i z . , t h a t  t h e  e x p l o s i v e  a c t s  i n  t h e  

d i r e c t i o n  o f  t h e  l i n e  o f  l e a s t  r e s i s t a n c e ,  o r  a l o n g  t h e  

s h o r t e s t  r o u t e  f r o m  t h e  c h a r g e  t o  t h e  n e a r e s t  o p e n  

f a c e ; t h e  h o l e  s h o u l d  b e  c o n s i d e r a b l y  l o n g e r  t h a n  

t h i s  d i s t a n c e ,  a t  l e a s t  t w i c e  a s  l o n g . O n  t h e  b a s i s  

s t a t e d ,  w e  h a v e  t h e  f o l l o w i n g . f o r m u l a  : —

C h a r g e  i n  I b s .  =  ( l i n e  o f  l e a s t  r e s i s t a n c e  i n  

f e e t )  8  x  c o e f f i c i e n t ,

i n  w h i c h  t h e  c o e f f i c i e n t  d e p e n d s  u p o n  t h e  n a t u r e  o f  

t h e  r o c k  a n d  o f  t h e  c h a r g e ,  b e i n g  o n l y  d e f i n i t e l y  

d e t e r m i n a b l e  b y  a c t u a l  e x p e r i e n c e . F o r  o r d i n a r y  

b i a s t i n g  p o w d e r  i n  g r a n i t e  i t  i s  a p p r o x i m a t e l y  ' 0 4 ,  

a n d  i n  s o f t e r  s t o n e  ’ 0 3 . F o r  h i g h e r  e x p l o s i v e s  i t  w i l l  

b e  l e s s ,  i n  p r o p o r t i o n  t o  t h e i r  s p e c i f i c  p o w e r . T h u s ,  

f o r  d y n a m i t e  t h e  c o e f f i c i e n t  b e c o m e s  ' 0 0 5  o r  ’ 0 0 4 .  

G u n p o w d e r  e x e r t s ,  a c c o r d i n g  t o  i t s  p r é c i s e  c o m p o s i ­

t i o n ,  a n  e x p l o s i v e  f o r c e  o f  f r o m  1 8  t o  4 0  t o n s  p e r  

s q u a r e  i n c h . F o r  b l a s t i n g  p u r p o s e s  o n l y  t h e  l o w e r  

p o w e r  i s  u s e d , a n d  a  c u b i c  y a r d  o f  q u a r r y  r o c k  

o r d i n a r i l y  r e q u i r e s  a  c h a r g e  o f  f r o m  |  I b .  t o  2  I b s .  

a c c o r d i n g  t o  i t s  n a t u r e  a n d  p o s i t i o n ;  i n  t u n n e l s  a n d  

s h a f t s  a s  m u c h  a s  6  I b s .  p e r  c u b i c  y a r d  h a s  b e e n  u s e d .

B l a s t i n g  p o w d e r  m a y  b e  d e p o s i t e d  i n  t h e  b o r e h o l e  i n  b u l k ,  b u t  h i g h  

e x p l o s i v e s  a r e  u s u a l l y  m a d e  u p  i n  t h e  f o r m  o f  c a r t r i d g e s ,  a n d  t h e  d i a m e t e r  o f  

t h e s e  i s  a r r a n g e d  s o  a s  t o  f i t  t h e  h o l e  e x a c t l y . T h e  c h a r g e  w i l l  c o n s i s t  o f  a s  

m a n y  c a r t r i d g e s  a s  m a y  b e  c o n s i d e r e d  n e c e s s a r y ,  c a r e f u l l y  p r e s s e d  i n t o  c o n t a c t  

w i t h  o n e  a n o t h e r  b y  m e a n s  o f  a  b l u n t - e n d e d  w o o d e n  t a m p i n g - r o d . T h e  t o p -
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most cartridge is fitted with the cap, or detonator, required to produce 

explosion.

Tamping’. — The next step after charging, prior to explosion, is tamping. 

This consists in packing the hole with granular or plastic material, so as to 

completely confine the charge and its gaseous products. For powder, dry, 

tough clay and powdered brick make good tamping material. By reason of 

its rapid action, dynamite does not require tamping to such an extent as is 

necessary for slower explosives. Even water will serve the purpose in deep 

vertical holes. Mud, sand, brickdust, and clay, are all used in connection with 

high explosives. Care must be taken in pressing home the first portion of a 

tamp, so as to avoid prematurely exploding the cap. Only a blunt wooden 

tamping-rod should be used.

Firing’.—There is a difference of procedure in regard to the circumstances 

attendiug detonation. Low explosives, such as gunpowder, expand progres- 

sively by combustion, the gases accumulating until the resistance to expansion 

gives way. High explosives, on the other hand, act instantaneously, but 

they require a sharp initial explosion to develop their action fully, and this is 

provided by means of the detonator.

The detonator in general use is a small, solid-drawn copper tube, closed at 

one end and partly filled with an explosive compound (fulminate of mercury 

and chlorate of potash in varying proportions) which is capable of producing

intense local force and heat. The detonator itself may be exploded either by 

means of a combustible fuse or by the electric current.

The ordinary (safety) combustible fuse burns at the rate of 2 to 3 feet per 

minute. There is also a “lightning” fuse for simultaneous firing, burning at 

the rate of 150 feet per second.

Electrical discharge, of course, takes place instantaneously. There are 

two methods of firing. One, called the low tension (fig. 80), consists in
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sending an electric current through a thin platinum wire contained in the 
detonator, whereby it is made red-hot and so ignites the inflammable material 

in which it is incased. lu high tension fuses (fig. 81), the wire terminals are 
not connected, but a spark is passed between them, effecting the same result.

Fig . 81. —High-tension Fuse.

Seam Firing'. —It has already been remarked that the efficacy of a 
blast depends to a very large extent upon the judicious selection of the site 
and direction of the bore-holes. Tlie natural faults to be found in rock 
manifestly lend themselves to an economical disposition of the disruptive 
forces, and it is often a wise plan to try the effect of a small preliminary 
charge by way of ascertaining to what extent any latent lines of weakness 
are developed. Thus, in a quarry at Penmaenmawr, in North Wales, where 
the rock is a hard, compact trap, it is the practice to bore a hole, say 20 to 23 
feet deep, and charge it with only 5 Ibs. or so of powder. On explosion, 
certain cracks are produced, the traces of which are followed and enlarged 
by additional holes until a final charge can be suitably placed for bringing 
down the whole mass. Similarly, at Goodwick, Pembrokeshire, a hole 20 feet 

deep and 2| inches in diameter at its extremity would be sprung several 
times by means of single gelignite cartridges of 1{ inches diameter, producing 

a pear-shaped cavity capable of receiving the larger quantity—50 or 60 Ibs.— 
required for complété dislocation.

Another method adopted in a granite quarry at Kirkmabreck, Kirkcud­
brightshire, where the seams are fairly regular, extending along the face-line 
for some distance, is to open out a seam by means of plugs and wedges until 
it is wide enough to admit of the lodgment of a charge of powder. A 
chamber for the charge is prepared by shaping a couple of boards to fit the 
seam and setting them temporarily a couple of feet apart. Tamping is tightly 
rammed against the outsides of the boards, which are then withdrawn. The 
method of charging is to insert the fuse after the deposition of a third of the 
powder, the remainder being added on top and covered with a layer of lightly 

pressed hay followed by tamping above. The first foot of tamping is lightly 
rammed, the rest compactly.

Wedging.—-Where the rock is of good quality and is required in the 
form of large, sound blocks for ashlar work in copiugs, facings, and string 

courses, a system of obtainment by wedging is adopted in preference to that 
of blasting, which may produce unsuspected planes of weakness as well as 
undesirable cracking and cleavage. In this case, a series of plug-holes, about 
1J inches in diameter and 9 inches deep, are driven along the line of some 

natural joint. Plugs and feathers are inserted into these holes, and driven by 
a succession of blows from a 26-lb. hammer until the seam has been sprung to



Fig . 82. —Quarrying for Fishguard (Goodwick) Breakwater. The cliffs before blasting.

Fig . 83.—A Mine Explosion at Fishguard.

[To face p. 94.
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an extent admitting of the use of plates and wedges. These last are driven 

simultaneously, and as the fissure produced widens out, it is kept weil packed 

with hand rubble. When the block is detached and ready to corne away, an 

iron dog is attached to the stone, from which a chain passes to a crane, the 

tension of which, aided by men with crowbars and levers acting directly 

upon the block, causes it to become completely dislodged. It can then be 

converted into convenient sizes by plugging as before, and be dressed to 

requirements.

When the height of the quarry face is considerable, it is desirable to place 

planks and pièces of old timber upon the ledges of rock and upon the floor of 

the quarry, to avoid undue breakage of blocks falling from the upper layers.

Biasting* Agents.—The number of explosives available for working 

purposes in a quarry is legion. From a practical point of view, despite the 

dissimilarity of their ingredients and methods of production, they fall into 

two classes, viz., (1) those in which a high local intensity is produced, causing 

much shattering and splintering into small fragments, and (2) those in which 

the expansive power is more widely and less violently exerted, resulting in 

disruption and dislocation rather than shattering. The first class is repre­

sented by dynamite, the second by gunpowder.

The basis of dynamite is nitro-glycerine, which forms a number of Com­

pounds possessed of similar attributes, but varying in power. Nitro-glycerine 

is a fluid combination of glycerine and of nitric and sulphuric acids. The 

majority of its various combinations, therefore, have a plastic, gelatinous 

nature, but the first to be noticed below has not this characteristic.

Dynamite consists of nitro-glycerine with the addition of a granular 

absorbent, which may either be an inert substance or, in itself, an explosive. 

The material more specially employed is a silicious infusorial earth occurring in 

Hanover, and called “ kieselguhr.” Commonly, the proportions are 75 parts, by 

weight, of nitro-glycerine to 25 parts of earth. If cartridges remain immersed 

in water for any length of time, the nitro-glycerine exudes and the charge 

deteriorates. Moreover, the substance is affected by changes in temperature 

and freezes at a higher temperature than the freezing point of water, so that 

some trouble is incurred in winter-time in thawing cartridges, the operation 

requiring much care and circumspection. The effects of firing are, as stated 

above, an intense rapidity of explosion producing extreme local shattering.

Other combinations of the same character are :—

Blasting Gelatine, containing 93 per cent, of nitro-glycerine and 7 per cent, 

of nitro-cotton. This is probably the most powerful blasting agent known at 

the present day. It is also very little, if at all, affected by immersion in 

water.

Gelatine Dynamite, somewhat inferior in strength to the foregoing, is a 

compound of nitro-glycerine, nitro-cellulose, and nitrate of potash.

Gelignite contains nitro-glycerine, nitro-cotton, nitrate of potash, and wood 

meal. It is rather more powerful than ordinary dynamite.

Forcite is a mixture of nitro-glycerine with cellulose, the latter being
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gelatinised by heating in water under considérable pressure. Nitrated cellu­

lose is also used in admixture with oxidising salts.

Gun cotton, which is cotton dipped into a mixture of nitric and sulphuric 

acids and itself an explosive, gives rise to the following, amongst other, 
compounds :—

Tonite is finely divided, or macerated, gun cotton, combined with an equal 

weight of nitrate of baryta. There are two varieties—the white and the 

black. The former is very shattering in its action, and is therefore chiefly 

applicable to the breaking up of extremely hard stone, such as quartz. Black 

tonite, containing a larger proportion of baryta and some charcoal, is more 
disruptive.

Chlorate of potash forms the basis of two well-known explosives, viz., 

Rack-a-rock and Cheddite. The former consists of compressed cartridges of 

chlorate of potash, impregnated with dead oil, either alone, or in conjunction 

with bisulphide of carbon, or mixed with nitro-benzol. Cheddite, an admirable 

product of more recent date, contains chlorate of potash, naphthaline, and 
castor oil.

It is needless to extend the list further. There are many other excellent 

explosives on the market, and fresh compositions are continually being evolved, 

each with its own special advantages. But while many of them are character- 

ised by extremely high power, resulting in the production of almost incredible 

downfalls of rock, yet in ordinary quarrying operations where, as has been 

pointed out, intense local effect is by no means sought after, it is probable 

that in the majority of cases biasting powder is every whit as serviceable, and 

certainly more economical.

Gunpowder, the earliest of explosives, is a mixture of saltpetre, sulphur, 

and charcoal, in proportions ranging between 6:1:1 and 15:3:2. These 

are the proportions used for service powder for military purposes. Blasting 

powder is distinguished from gunpowder, properly so called, in that it contains 

rather less saltpetre and that it is not manufactured with the same particular 

selection of material and delicacy of treatment. The effective power is 
therefore lower.

Quarrying1 for Goodwick Breakwater.—The following particulars 

relating to the quarrying of stone for the breakwater in Pembrokeshire, 

forraing a protection to the Fishguard terminus of the new Fishguard, Rosslare 

(Great Western) route to Ireland, have been compiled from information kindly 

supplied by Mr G. Lambert Gibson, the engineer in charge.

When the works were begun in the year 1896, they were carried out 

tentatively with a small outfit of plant, but with a considerable body of men. 

The start was a difficult one, the men having to attack the face of precipitous 

cliffs of an intensely hard and vitreous texture, rising from the sea to heights 

of one and two hundred feet. The boring of the rock to receive explosives 

was done entirely by hand ; and, owing to the want of foothold, the men had 

often to be slung by ropes from the top of the cliff. After six years of some- 

what slow progress in this manner, more vigorous measures were decided



]?iG> 84. —Quanying for Fishguard Harbour. The clilfs after blasting.

[Toface p. 94.
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upon. A  com plété  installation of coinpressed air drilling-plant w as put dow n, 

and the w ork  of boring w as let to  a firm  of oontractors.

U nder the new system , both single firing and m ine blasting operations  

w ere carried on. In the first case, holes 20 feet deep and 2 | inches in  

diam eter w ere charged w ith 20 to 50 Ibs. of gelignite. In the second case, 

the m ethod adopted w here the cliff w as lofty and the rock exceptionally hard , 

a tunnel som e 40 feet long w as driven square in to the face of the cliff, w ith  

tw o branches, eaeh also about 40 feet in length , right and left of it, the com - 

bined  galleries tak ing the shape of the letter T . A t the ends of the cross 

tunnels sm all cham bers w ere form ed, w ithin w hich w ere placed a  charge of, 

usually , 7 tons of gunpow der in tw o boxes; the tunnels w ere then built 

up and the charges fired by electricity . V ery little noise or shock to the  

neighbourhood  is said to have been caused by the firing , although as m uch  

as 113,000 tons of rock have been dislocated by  a 7-ton charge. T he yield , 

how ever, varied  considerably , according  to the nature of the rock at various 

places along the half m ile of quarry  face, and in som e cases 9 tons of gun ­

pow der w ere required to  produce a fall of 70,000 tons of rock.

G enerally speaking, it w as found that w here a drill could penetrate 15  

feet per day— the average depth of the holes,— the cost of single hole firing  

w as equal to the cost of m ine-firing w ith a w orking face of 120 feet. In  

other w ords, w hen the height of quarry face exceeded 120 feet, or w hen the  

drills failed to accom plish 15 feet per drill per day, m ine-firing proved the  

m ore econom ical m ethod.

T he  rock, having been  blasted , w as loaded in to  w aggons. Stones from  3 to  

15 tons w eight w ere tipped on the sea side of the breakw ater ; those from 1  

cw t. to 3 tons on the harbour side. Stones of 1 cw t. and  less w ere sent to a  

ballast crusher for use in the concrete blockw ork.

T he rock-getting  and depositing  plant consisted of one 120 H .-P. air-com - 

pressor engine, nine 8 H .-P. Ingersoll rock drills, five locom otives, fifteen  steam  

cranes of pow ers ranging from  1J to 15 tons, and 175 w aggons.

T he quantity of rock dealt w ith am ounted in all to about tw o m illion  

tons.

Q uarrying for A lderney B reakw ater.1— T he stone of w hich the  

greater part of the breakw ater is built is a local stone obtained from the  

M annes quarries, and, although a sandstone grit, considerably harder than  

granite. T he quarries w ere situated  a couple of m iles aw ay from the site of 

the breakw ater, and had a w orking face 75 feet high. T he hardness of the  

stone m ay be gauged  from  the fact that w here one jum per sufficed to  bore a  

hole in granite, tw o w ere required for the M annez stone.

T he m ode of quarry ing w as as fo llow s :— Shot holes from  6 to 8 feet deep  

w ere drilled at the toe of the quarry face, charged and exploded. W hen the  

rock w as sufficiently  underm ined in th is m anner, a deep hole w as drilled dow n  

from  the top of the quarry to a slielf or bed, of w hich there w ere several, 

inclined at an  angle of from  25° to 45° to the face. T his hole w as charged  

1 V ide Min, Proc, Inst. C.E., vol. xxxvii. p. 86.
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w i t h  p o w d e r , l i g h t l y  t a m p e d  a n d  e x p l o d e d  s e v e r a l t i m e s , t i l l a  c r a c k  w a s  

m * d e  1 ° in g l t " d ‘ n a 1 1 ^  5 t h e n >  i n t °  t h e  c r a c k ,  l a r g e  g r a i n e d  p o w d e r  w a s  p o u r e d  

a n d  e x p l o d e d ,  b r m g i n g  d o w n  a  c o n s i d é r a b l e  m a s s  o f  r o c k . B y  t h i s  m e a n s  t h e  

s t o n e  w a s  n o t t o o  v i o l e n t l y  s h a k e n , a n d  g o o d  f a c e  s t o n e s  w e r e  o b t a i n e d .  

M a n y  o f  t h e s e  w e r e  9  f e e t  l o n g  b y  3  f e e t  3  i n c h e s  t h i c k  a n d  1 5  f e e t  o n  t h e  

b e d . T h e  c o s t  o f  d r e s s i n g  t h e m  i n t o  s h a p e  c a m e  t o  6 d .  p e r  c u b i c  f o o t . T h e  

s t o n e s  s e l e c t e d  f o r  r u b b l e  h e a r t i n g  w e i g h e d  f r o m  3  t o  1 5  t o n s . T h e  g r e a t e s t  

q u a n t i t y  o f  m a t e r i a l c o n v e y e d  t o  t h e  b a n k  i n  o n e  d a y  w a s 3 0 0 0  t o n s .  

S e v e n t y - f o u r  t o n s  o f  p o w d e r  w e r e  c o n s u m e d  p e r  a n n u m .

Q u a r r y i n g  f o r  H o l y h e a d  B r e a k w a t e r ? - T h e  s t o n e - a  q u a r t z  r o c k  

w a s  o b t a i n e d  f r o m  a n  a d j o i n i n g  h i l l k n o w n  a s  H o l y h e a d  M o u n t a i n , a n d  

h e  q u a r r i e s  w e r e  d i s t a n t  r a t h e r  l e s s  t h a n  a  m i l e  f r o m  t h e  c o m m e n c e m e n t  

o i  t h e  w o r k .

A t  t h e  o u t s e t ,  q u a r r y i n g  o p e r a t i o n s  w e r e  c a r r i e d  o n  b y  a  s y s t e m  o f  s i n g l e -  

h o l e  f i r i n g , b u t , a l t h o u g h  m a n y  h a n d s w e r e  e m p l o y e d , t h e  o u t p u t  p r o v e d  

i n s u f f i c i e n t f o r r e q u i r e m e u t s . B l a s t i n g  o n  a  m u c h  l a r g e r  s c a l e  w a s t h e n  

r e s o r t e d  t o , b y  s i n k i n g  s h a f t s  a n d  d r i v i n g  h e a d i n g s  o r  d r i f t w a y s  t o  r e c e i v e  

l a r g e  q u a n t i t i e s  o f  p o w d e r .

T h e  f i r s t l a r g e  m i n e s  w e r e  i n  s h a f t s  a b o u t  6  f e e t  b y  4  f e e t ,  s u n k  f r o m  t h e  

t o p  a n d  o f  v a r y i n g  d e p t h s ,  a c c o r d i n g  t o  t h e  h e i g h t  o f  t h e  f a c e ;  b u t  w h e n  t h e  

q u a r r i e s  h a d  b e e n  m o r e  o p e n e d  a n d  t h e  f a c e  g o t  v e r y  h i g h ,  s o m e t i m e s  t h e  t o p  

o n l y  w a s  p r e p a r e d  f o r  b l a s t i n g  b y  s h a f t s , a n d  t h e  b o t t o m  b y  h e a d i n g s  o f  t h e  

s a m e  s i z e , o r  s o m e w h a t l e s s . U l t i m a t e l y , h e a d i n g s  w e r e  p r e f e r r e d  t o  s h a f t s  

a n d  a d o p t e d  w h e n e v e r  p r a c t i c a b l e . T h e y  p r o v e d  m o r e  c o n v e n i e n t ,  a s  t h e  m e n  

c o u l d  w o r k  i n  f r o n t  i n s t e a d  o f  a t  t h e i r  f e e t  ; t h e  m e n  d i d  n o t  g e t  w e t  f r o m  

r a m  a n d  t h e  v e n t i l a t i o n  w a s  b e t t e r . H e a d i n g s  w e r e  a l s o  l e s s  d a n g e r o u s ,  a s  

t i e  t a m p i n g  w a s  l e s s  h a b l e  t o  b e  b l o w n  o u t . O n  t h e  o t h e r  h a n d ,  s h a f t s  w e r e  

m o r e  e a s i l y  t a n i p e d  a n d  r e q u i r e d  s m a l l e r  c h a r g e s  o f  p o w d e r ,  t h e  r o c k  b e i n g  

a l r e a d y  w e a k e n e d  b y  t h e  e x c a v a t i o n .

O n  a n  a v e r a g e ,  4  t o n s  o f  r o c k  w e r e  b l a s t e d  p e r  I b .  o f  p o w d e r ,  t h e  e x t r e m e s  

r a n g i n g  f r o m  5  t o  2  t o n s . G e n e r a l l y  t h e  c h a r g e s  v a r i e d  f r o m  6 0 0  I b s t o  

2 1 , 0 0 0  I b s . E x p e r i e n c e  d e t e r m i n e d  t h e  f o l l o w i n g  c o e f f i c i e n t s  f o r  t h e  f o r m u l a  

g i v e n  o n  p a g e  9 0  : —

F o r  o r d i n a r y  s h a f t s ,  c o e f f i c i e n t = T \  t o  ^ = - 0 6 6  t o  ' 0 5 ;

F o r  o r d i n a r y  h e a d i n g s ,  c o e f f i c i e n t  = ^  =  ' 0 8 3 .

I n  t h e  e x c e p t i o n a l l y  d i f f i c u l t  c a s e  o f  a  m i n e  c a l l e d  a  ‘ ' r o o t e r - o u t , ”  t h e  

c o e f f i c i e n t  b e c a m e  - 1 . T h i s  w a s  a  m i n e  i n  w h i c h  t h e r e  w a s  a  n a t u r a l  j o i n t  o n  

o n e  s i d e  o n l y ,  s o  t h a t  t h e  r o c k  h a d  p r i n c i p a l l y  t o  b e  t o r n  a w a y  f r o m  t h e  s o l i d  

m a s s . I n  s u c h  c a s e s  t h e  l o w e s t  r e s u l t s  w e r e  a c h i e v e d ,  a n d ,  f u r t h e r ,  t h e  s t o n e  

d i s p l a c e d  w a s  u s u a l l y  i n  l a r g e  m a s s e s  r e q u i r i n g  f u r t h e r  b r e a k i n g  u p ,  w h i l e  i n  

m o r e  f a v o u r a b l e  c a s e s  t h e  s t o n e  r e s u l t i n g  f r o m  a  b l a s t w a s  s u i t a b l e  f o r  

i m m é d i a t e  u s e .

F i g s .  8 6  a n d  8 7  a r e  t y p e s  o f  t h e  b e s t  a n d  w o r s t  k i n d s  o f  m i n e  r e s p e c t i v e l y .

1 H a y t e r  o n  H o l y h e a d  N e w  H a r b o u r ,  Afin, Proc. Inst., C.U., v o l .  x l i v .



Fic. 85. —Fishguard Breakwater in course of construction.
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I n  t a m p i n g  t h e  h e a d in g s ,  t h e  p o w d e r  w a s  o f t e n  b u i l t  i n  f o r  a  f e w  f e e t  w i t h  

a  d r y  r u b b l e  w a l l , a n d  t h e  r e m a i n d e r  o f  t h e  g a l l e r i e s  r a m m e d  w i t h  c l a y ,  

o b t a i n e d  f r o m  a  d e c o m p o s e d  p o r p h y r y  d y k e  i n  t h e  q u a r r y . T h e  s h a f t s  w e r e  

m o r e  r e a d i l y  t a m p e d  w i t h  q u a r r y  d é b r i s , s t o n e s a n d  c l a y  t h r o w n  i n  a n d  

r a m m e d . O c c a s i o n a l l y , e s p e c i a l l y  a t  t h e  o u t s e t , a  s p a c e  w a s  l e f t r o u n d  t h e  

c h a r g e , b u t  i t  i s  b e l i e v e d  t h a t  t h i s  w a s  o f  l i t t l e  u s e .

T h e  c o s t o f  q u a r r y i n g  t h e  r o c k , i n c lu d i n g  d r i v i n g ,  p o w d e r  a n d  s u n d r i e s ,  

w a s  4 J d .  p e r  t o n ,  a n d  t h e  c o s t  o f f i l l i n g  i n t o  w a g g o n s , i n c l u d in g  b l a s t i n g  t h e  

l a r g e  s t o n e s , w a s  a b o u t  t h e  s a m e . T h e  p r i c e s ,  h o w e v e r , r e f e r  t o  t h e  p e r i o d  o f

D e p t h  o f  s h a f t , 4 4  f e e t .

L i n e  o f l e a s t  r e s i s t a n c e ,  2 1  f e e t .

C h a r g e , 9 0 0  I b s .

P r o d u c e , 2 0 0 0  t o n s .

F i g . 8 6 .  — M i n e  a t  H o l y h e a d .

H e i g h t  o f  F a c e . . 1 1 0  f e e t .  

L e n g t h  o f  F a c e . . 1 4 0 , ,  

L e n g t h  o f  H e a d i n g . 8 9 , ,  

G r i p  o f  H e a d i n g  . . 3 5 , ,  

D e p t h  o f  S i n k . . 1 3 4  

C h a m b e r s .

N o . l . N o .  2 . N o  3 . N o . 4 .

L e n g t h 1 2 1 '  

2 3 * '

1 2 ' 9 ' 4 '  

1 8 'L i n e  o f  l e a s t  r é s i s t a n c e 2 4 ' 2 5 '

C h a r g e  i n  I b s . 4 , 5 0 0 4 , 0 0 0 3 , 0 0 0 1 , 5 0 0

P r o d u c e ,  u p w a r d s  o f  6 0 , 0 0 0  t o n s .

F i a .  8 7 . — “  R o o t e r - o u t ”  

M i n e  a t  H o l y h e a d .

m a x i m u m  o u t p u t . T h e  c o s t  o f  d r i v i n g  t h e  h e a d i n g s  r a n g e d  f r o m  1 0 s . t o  2 5 s .  

p e r  l i n e a l  f o o t , o u t  o f  w h i c h  t h e  m i n e r s  h a d  t o  p a y , o n  a n  a v e r a g e ,  a b o u t  2 s .  

f o r  p o w d e r , f u s e s , e t c . T h e  a v e r a g e  l e n g t h  o f  h e a d in g  d r i v e n  w a s  5  f e e t  p e r  

w e e k  w i t h  f o u r  m e n  e m p l o y e d .

C o n c r è t e .

T h e  s u b j e c t o f  n a t u r a l s t o n e  l e a d s  o n  a l m o s t i n s e n s i b l y  t o  t h e  k i n d r e d  

t h e m e  o f a r t i f i c i a l s t o n e , f o r  w h i c h  a n  e q u a l l y  v a l u a b l e , a n d  a  p r a c t i c a l l y  

u n l i m i t e d , f i e ld  o f u s e f u l n e s s e x i s t s . T h o s e  p a r t s  o f m a r i t i m e  s t r u c t u r e s  

w h i c h  a r e  b y  f a r  t h e  m o s t  i m p o r t a n t  a n d  m o s t  p r o m i n e n t ,  a r e  n o w  c o n s t r u c te d  

i n  c o n c r e t e , i n  p l a c e  o f t h e  e l a b o r a t e m a s o n r y  w h i c h  c h a r a c t e r i s e d  a n d  

d i s t i n g u i s h e d  t h e  o p e r a t i o n s  o f  p a s t  g e n e r a t i o n s  o f  e n g i n e e r s .

T h e  c a u s e  a n d  r e a s o n  f o r  t h i s  i s  n o t  f a r  t o  s e e k . B l o c k s  o f  s t o n e  o f  l a r g e  

s i z e  a r e  d i f f i c u l t  t o  p r o c u r e ,  e x p e n s i v e  t o  d r e s s ,  a n d  e q u a l l y  e x p e n s i v e  t o  c o n v e y  

a n d  s e t  i n  p o s i t i o n . S m a l l e r  s to n e s  i n v o l v e  a  m u l t i p l i c i t y  o f  j o i n t s . T h e s e ,  

7
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in themselves, are a source of weakness, but when their use is inseparably 

combined with an intricate system of keyage and bonding, they prove doubly 

unsatisfactory and afford but an indifferent sense of security. What masonry, 

with its vertical and horizontal breaks and intersections, and its costly chisel- 

work, fails to ensure, is readily achieved by concrete, easily moulded while in 

a plastic condition to any required shape or outline, and deposited in position 

by the simplest means, with a minimum expenditure of time, money, and 

labour.

Concrete, as the term is generally understood amongst engineers, is an 

admixture of various mineral substances which, under chemical action, become 

incorporated into a solid body. Of its ingredients one group is inert, the 

other is active.

The inert group is called the aggregate, and it comprises any number of 

the following substances: slag, shingle, burnt clay or earthenware, broken 

stone, broken brick, gravel, and sand.

The active elements are hydraulic lime or cement and water. These 

constitute what is called the matrix.

The uses and applications of concrete are manifold. We have, however, 

to confine our attention to those points alone which are of pre-eminent im­

portance and value in regard to maritime work, leaving other features and 

adaptations for treatment elsewhere.

The first thing to be noticed—which has already been animadverted upon 

in the earlier part of this chapter—is the necessity for an aggregate of high 

spécifie gravity. The reasons need not be repeated. From this point of view, 

heavy materials, such as slag and broken granite, are preferable to broken 

brick and sandstone.

Secondly, in order to ensure close adhesion, the aggregate should be rough 

and angular. Porous surfaces are admirable in this respect, but they do not 

generally appertain to heavy substances. However, the coarse crystalline 

texture of granite offers a sufliciently marked advantage over the smooth 

polished surfaces of flints and pebbles to constitute an excellent instance of 

what is meant by compliance with this requirement.

Thirdly, in order to reduce the number and volume of interstices, fragments 

of different sizes should be employed so that the smaller material may fill 

up the voids in the larger. At the same time, it is not desirable to use 

fragments of greater linear dimension than 4 inches, nor sand so fine as to 

be dust-like. It is usual to specify that the stone shall pass through a fj­

or 2-inch ring, and that the sand shall be coarse and sharp. If fine sand 

be used, the grains cohere when watered and impede the introduction of 

the cement, besides requiring a greater quantity to effect the same complète 

envelopment.

Lastly, the aggregate should be perfectly clean and free from grease, clay, 

mud, and any other impurity whatever. Such substances have no adhesive 

value; they intervene between the parts which should corne in contact, 

and are themselves readily soluble and removable by water, leaving the
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mass in which they happen to be incorporated in a porous and laminated 

condition.

The matrix is almost universally Portland cement, though hydraulic lime 

has been, and is still used, and also Roman cement. Hydraulic lime of a 

special character—the Teil lime—is a favourite with French engineers for sea 

work. It has been very largely employed in their works on the Mediter- 

ranean coast and along the English Channel, and, with one or two exceptions, 

seems to have answered satisfactorily. The use of Roman cement is limited 

to situations where rapidity of execution is essential, and where the hardening 

of the mortar is required to take place within a very short period. Neither 

hydraulic lime nor Roman cement has anything like the strength and 

durability of Portland cement.

Portland cement is an artificial product obtained by calcining, at a high 

temperature, an intimate compound of clay or shale with chalk or other 

limestone. In this condition, it contains a number of ingredients, of which 

the principal are lime, silica, alumina, and oxide of iron. These form about 

nineteen-twentieths of the whole, within the following limits, viz. : —

Lime, . . . . 60 to 64 per cent.

Silica, .... 20 to 24 „ 

Alumina, . . . 6 to 10 „

Oxide of Iron, . . . 3 to 5 „

The remaining ingredients are magnesia, sulphuric acid, certain alkalies, 

and moisture. Of these, the magnesia should not be permitted to exceed 

5 per cent., nor the sulphuric acid 1 per cent.

So great a variation has been manifested in the character of the different 

brands of cements emanating from the numerous manufacturers both in this 

country and abroad, and so much divergence of opinion has been exhibited in 

regard to standards and tests to be adopted for reference and comparison, 

that it was recently felt desirable, and even necessary, to draw up a spéci­

fication for general use among engineers. This has been done by the 

Engineering Standards Committee, and the result of their deliberations is 

embodied in the spécification at the end of this chapter. It is not necessary, 

therefore, at this stage, to enter into the more general requirements of the 

model spécification.

Effect of Sea-water on Conerete. —The most vital considération in 

regard to the matrix is the effect of sea-water upon conerete. On this point 

there is scope for much discussion and some ground for difference of view. 

On the one hand, there is abundant practical exemplification to demonstrate 

that Portland cement conerete is, in general, a thoroughly sound and durable 

material, in every way adaptable to maritime situations as elsewhere; on the 

other hand, there are indubitable instances of deterioration and failure. 

These instances obviously demand a searching inquiry, for in the absence of 

definite and authoritative refutation they must inevitably produce a feeling of 

doubt and uncertainty as to the propriety of using Portland cement in situa-
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tioiis where its possible failure would entail consequences of the most serions 

nature.

The author has already, in another work, devoted some considerable space 

to a discussion of the subject,1 and he does not feel that it will be considered 

incumbent upon him to restate the particulars and details of the investigation 

which led him to the conclusion that any defects which have exhibited them­

selves in the behaviour of Portland cement concrete in sea-water are due solely 

and entirely to inherent deficiencies in the quality of the cement used, and in 

the materials with which it was mixed, as also, in part, to indifferent and 

imperfect manipulation.

Briefly stated, the facts in cases of known failure show that disintegration 

is (1) inaugurated by symptoms of expansion, and (2) subsequently accomplished 

by the solvent action of the sea.

Now, the constituent elements of sea-water which have any effect upon 

cement are the sulphates and chlorides, especially the sulphate and chloride 

of magnesia. On coming in contact with lime, the magnesia in these salts is 

precipitated as a hydrate, with the simultaneous formation of chloride of 

calcium and sulphate of lime. Both these latter products are more or less 

soluble, especially the former, and the washing action of the sea soon occasions 

their removal.
But, in order that this interchange of constituents may take place, it is 

essential that there should be present a certain amount of lime, either actually 

in a free, uncombined condition, or, at least, in the form of a very unstable 

compound. The silicates and aluminates of lime produced during calcination, 

at the proper temperature for the manufacture of Portland cement, are all 

more or less fixed; at any rate there is abundant evidence to show that 

neither of these combinations necessarily breaks down in a marine environment. 

It is usual, therefore, to attribute the change to some caustic lime which has 

failed to combine with the silica and alumina. The supposition is not out of 

consonance with observed phenomena. The slaking of lime causes expansion, 

with the formation of a hydrate which is readily soluble in water. One 

authority,2 however, suggests that a truer explanation of the expansion and 

disintegration is to be found in the formation of a “vitreous high-lime 

compound which slakes or hydrates so extremely slowly that it may be 

months before visible hydration even commences; but in such cases hydration 

is accompanied by enormous expansion, the increase in bulk amounting to 

many times the original size of the mass, sufficient to cause the disruption 

and total disintegration of the previously set particles in the cement.”

The precise nature of this “ vitreous high-lime compound ” is difficult to 

identify, but from whatever source the lime be forthcoming, there seems no 

doubt that it exercises a deleterious effect, and that measures should be taken 

to ensure its absence wherever possible, and, in the second place, to limit the 

action of sea-water to the outer skin or surface. This can only be achieved

1 Dock Engineering, p. 123 et seq.
2 Butler, Portland Cement, London, Spon., 1905.
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by making the concrète as impervious as possible, so that the bulk of it may 

be inaccessible to external influences.

Concrète made from sound Portland cement, mixed in proper proportions 

and thoroughly incorporated, is sufficiently impermeable for all practical 

purposes. It may not be absolutely water-tight—this is by no means 

essential1 and can only be attained by the exercise of cousiderable trouble,— 

but it will display amply serviceable resistance to infiltration, which will prove 

little more than superficial. Even in those cases where chemical changes 

have taken place, the evidence simply points to the deposition of magnesian 

salts in the outer pores of concrete from which the calcic hydrate has been 

removed. The magnesia is an inert substance, and while, in itself, an 

evidence of decomposition, its presence is attended by no additional ill effects ; 

in fact, it may even be claimed that it exerts a beneficial action in closing up 

pores which would otherwise remain open for the further penetration of sea- 

water into the interior of the mass.

In order to secure the highest degree of impermeability, a sufficiency of 

water must be used for mixing the concrete. An excess, of course, is objec- 

tionable, chiefly on the ground that it forms an incompressible volume in the 

fluid concrete, which passes away in evaporation, tending to leave the concrete 

porous. But, on the other hand, an insufficiency is attended by the evil that 

particles of cement may escape hydration, and this is a more vital considéra­

tion, in that there is a conséquent lack of present cohesion and a source of 

future disturbance. It is better, on the whole, to water the concrete weil 

rather than sparsely ; some proportion of moisture will be absorbed by the 

environment, the foundation, and adjacent work, and unless the mass be 

allowed to harden without undue abstraction of moisture, its strength will 

become impaired.

Speaking from long experience of a wide range of concrete work deposited 

in a tidal estuary, where the fluctuations of level are very great and where 

the circumstances are most propitious to the exercise of decomposing 

influences, the writer is convinced that the dangers attending the use of 

concrete work in maritime situations are often greatly and needlessly 

exaggerated. Ordinary care and discretion in the processes of mixing and 

deposition will prevent any evil consequences, provided, of course, the cement 

be of unassailable character, conforming in all respects to the requirements of 

the standard spécification.

Another point affecting the use of Portland cement concrete in maritime 

work is the influence exerted by sea temperature upon its setting properties. 

The crystallisation or setting of cement is favoured by warmth and retarded 

by cold. The presence, therefore, of cold or warm currents in the sea exercises 

a corresponding effect upon the setting time, so that it is not a matter for 

surprise to find considérable variation at different places, aud even at the 

same place at different seasons, in the period during which concrete work

1 The remark, needless to say, applies to block work and not to reinforced concrete, the 
special treatment of which is described elsewhere (p. 76).
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b ard en s. O f co u rse, th e m o re th e tim e is p ro lo n g ed th e g rea te r d ifficu lty  

w ill b e ex p erien ced in p reserv in g th e so ft co n cre te fro m th e ch afin g  

ac tio n o f w av es  ; b u t, o n th e o th er b an d , it seem s to b e p re tty c learly  

estab lish ed th a t th e slo w er th e se ttin g ac tio n th e g rea ter th e u ltim ate  

stren g th a tta in ed .

B y  w ay  o f co m p le tin g  th is b rie f rev iew  o f th e  su bjec t, a  m o d el sp écifica tio n  

is ap p en d ed , d raw n u p fro m  a h arb o u r en g in eer ’s p o in t o f v iew , an d th ere-  

fo re co n ta in ing  sev era l stip u latio n s  o f a sp ec ia l ch arac te r in ap p licab le to co n ­

d itio n s e lsew h ere. T h e q u ality  o f th e P o rtlan d cem en t, h o w ev er, is stric tly  

in  acco rd an ce w ith th e te rm s o f th e  E n g in eerin g  S tan dard s C o m m ittee ’s sp éc i­

fica tio n , th e c lau ses ex trac ted  fro m  w h ich  are  in d ica ted  b y  q u o ta tio n  m ark s.

S p é c i f i c a t i o n .

T h e aggregats sh a ll co n sist o f g rav e l an d b ro k en sto n e o f v ary ing size  

m ix ed w ith  san d , th e q u an tity  o f san d b ein g su fficien t to fill co m p le te ly th e  

in te rstices in th e la rg er m ateria l. T h e p rec ise p ro p o rtio n o f san d is to b e  

ascerta in ed  b y  g au g in g  th e v o lu m e o f w ater co n tain ed in a v essel w h ich h as  

b een  p ack ed  w ith  th e m ax im um  am o u nt o f g rav e l an d sto n e it can co n ta in  

u p  to , an d  flu sh  w ith , th e  lev el o f th e  b rim . N o  frag m en t sh a ll m easu re  m o re  

th an 4 lin ear in ch es in an y d irec tio n , an d ev ery p iece m u st b e cap able o f 

p assin g  th ro ug h  a  rin g  2 | in ch es in in te rn a l d iam eter. T h e len g th , b read th , 

an d  d ep th  o f th e la rg er p ieces m u st n o t b e g rea tly  u n eq u al, i.e. th ere m u st 

b e  an  ab sen ce  o f lo n g , fla t, sla ty  slips , as a lso o f sm o o th , w ater-w o rn  p eb b les. 

T h e  sto n e  m u st b e  h eav y , w eig h in g  in  th e so lid m ass n o t less th an 1 5 0 Ib s. 

p er cu b ic  fo o t. S lag  fro m  iro n w o rk s m ay  b e  u sed  in  p lace o f, o r in  co n ju n c tio n  

w ith , sto ne , p ro v id ed  it co n form  to  th e  sam e co n d itio n s o f w eig h t an d  size  an d  

is n o t b rittle  o r friab le  in  an y  p art. B o th g rav e l an d sto n e o r slag m u st b e  

p erfec tly  c lean an d  free fro m  ad m ix tu re w ith an y  fo re ig n su b stan ce , w h eth er  

m in era l o r v eg etab le , an d  n o  g rav el w h ich h as co rn e as sh ip s ’ b allast w ill b e  

accep ted .1 T h e  san d  m u st a lso  b e  c lean ; sh arp , an d  n o t to o  fin e , i.e. it sh o u ld  

a ll b e  re tain ab le o n a siev e o f 3 2 S .W .G ., h av in g 9 0 0 m esh es to th e sq u are  

in ch . D u st an d  p o w d er, as w ell as earth y  an d g reasy  m atte r g en erally , m u st 

b e rig id ly  ex e lu d ed .

C o n crete d escrib ed as æ to 1 sh a ll b e u n d ersto o d to m ean x p arts b y  

m easu re o f g ro ss ag g reg a te as d eta iled ab o v e , co m b in ed w ith 1 p art o f  

P o rtlan d  cem en t.

[A ssum in g  th a t th ere is o n an av erag e so m e 3 5 p er cen t, o f in terstitia l 

sp ace 2 in th e m ix ed sto n e an d g rav e l, an d a llow iu g 5 p er cen t, m arg in to  

co v er ex trem e cases, th e  q u an tity  o f  san d  req u ired  w ill b e 4 0 p er cen t. T h e  

p ro p o rtio n  o f san d  to  cem en t sh o u ld  n o t ex ceed 3 to 1 . T h erefore th e m in i­

m u m  am o u n t o f cem en t w ill b e 1 3  p arts in  4 0 .

1 O n  acco u n t o f  th e  liab ility  o fa  sh ip ’s  h o ld  to  g reasin ess  w h en u sed  fo r m ix ed  cargo es, 

esp ec ia lly  in  th e  case  o f  o il in  b arre is , e tc .
2 S u b stan tia ted  b y  ex p erim en t.
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Totalling the aggregates, we have : —

Gravel and stone, 60 parts

Sand, . . 40 „

100 „

Cement, . . 13 ,,

113 „

or a limiting ratio for the conerete of 8^ to 1. For general work in bulk,1 

8 to 1 is a serviceable proportion ; for vertical facings, 6 to 1 ; for quay floors, 

4 to 1 ; for quay steps and landings, 2 to 1.]

Displacers or plums—large stones and boulders of quality at least equal to 

that specified for the aggregate—may be inserted in the body of the concrete- 

forming mass or bulk work, provided that no two stones corne within 6 indres 

of each other and that no part of any stone corne within 6 inches of a 

moulded face. The rock or stone used for the purpose must either be 

brought fresh from the quarry, or, if old material from paving or building 

works, it must be thoroughly cleaned by picking and washing so as to 

free from all mortar, earth, and other accretions. The plums must be Sound, 

hard, compact, and shapely, with no excessive elongation or attenuation 

and no cracks or flaws, and they must possess rough, preferably rugged, 

surfaces.2
The matrix shall consist of Portland cement manufactured by a firm of 

good standing, and conforming in all respects to the tests and conditions 

stated below.
“ The cement shall be prepared by intimately mixing together calcareous 

and argillaceous materials, burning them at a clinkering temperature, and 

grinding the resultant clinker. No addition of any material is to be made 

after burning.”3
(The standard spécification permits the addition of water or calcium 

sulphate, in neither case exceeding 2 per cent., but only by the express 

permission of the purchaser.)

As soon as possible after the delivery of the whole of any consigument on 

the works, samples for testing will be taken from ten separate bags or parcels, 

in different positions. Equal portions of the several samples will be mixed 

together, and the cement so obtained will be considered as representative of 

the whole consignment and tested accordingly.

“ Before gauging the tests the resultant sample shall be spread out for a 

depth of 3 inches for twenty-four hours, in a temperature of 58 to 64 degrees 

Fahrenheit.”4
Grinding.—“ The cement shall be ground to comply with the following

1 10 to 1 conerete is sometimes used for hearting purposes, but the proportion is some- 
what extreme.

2 No limits of size need be imposed.
3 This paragraph not transcribed in full.

The limits of temperature throughout are applicable to the climate of the British Isles.



1 0 4 H A R B O U R  E N G IN E E R IN G .

c o n d it io n s o f f in e n e ss . O n e h u n d re d  g ra m m e s (4  o z s . a p p ro x .) s h a ll b e  c o n -  

t in u o u s ly  s if te d  fo r  a  p e r io d  o f  f if te e n  m in u te s w ith  th e  fo llo w in g  re s u lts  :  —

“  T h e re s id u e o n  a  s ie v e 7 6 b y  7 6  =  5 7 7 6  m e sh e s p e r s q u a re in c h  is  n o t  

to  e x c e e d  3  p e r  c e n t.

“  T h e  re s id u e  o n  a  s ie v e 1 8 0 b y  1 8 0  =  3 2 ,4 0 0  m e sh e s p e r s q u a re in c h  is  

n o t to  e x c e e d  1 8  p e r  c e n t.

“  T h e  s ie v e s  a re  to  b e  p re p a re d  f ro m  s ta n d a rd  w ire , th e  s iz e  o f  th e  w ire  fo r  

th e  5 7 7 6 m e sh  b e in g '0 0 4 4 in c h , a n d fo r th e  3 2 ,4 0 0  m e sh , '0 0 2  in c h . T h e  

w ire  c lo th  s h a ll b e  w o v e n  (n o t tw ille d ) , th e c lo th  b e in g  c a re fu lly  m o u n te d  o n  

th e  f ra m e s  w ith o u t d is to r t io n .

‘  'T h e  s p é c if ie g ra v ity  o f th e c e m e n t, w h e n  f re s h  b u rn t  a n d  g ro u n d , s h a ll  

n o t b e  le s s th a n 3 '1 5  o r 3 ’1 0 w h e n  i t c a n  b e p ro v e d  to th e s a tis fa c tio n o f  

th e e n g in e e r (o r o f th e p u rc h a se r ) th a t th e c e m e n t h a s b e e n g ro u n d  fo r  

fo u r w e e k s .”

T h e c e m e n t s h a ll b e d e liv e re d in p a c k a g e s m a rk e d w ith th e m a n u -  

fa c tu re r ’s n a m e . 1

Chemical Composition.— “ T h e c e m e n t s h a ll c o m p ly w ith th e fo llo w in g  

c o n d it io n s a s to i ts c h e m ic a l c o m p o s it io n . T h e re s h a ll b e n o e x c e ss o f  

l im e ; th a t is to s a y , th e p ro p o r tio n  o f l im e s h a ll n o t b e g re a te r th a n  is  

n e c e s s a ry  to  s a tu ra te  th e  s il ic a a n d  a lu m in a p re s e n t .2 T h e p e rc e n ta g e o f  

in s o lu b le re s id u e s h a ll n o t e x c e e d  1 -5  p e r c e n t.; th a t o f m a g n e s ia  s h a ll n o t  

e x c e e d 3 p e r c e n t. ; a n d th a t o f s u lp h u r ic a n h y d r id e s h a ll n o t e x c e e d  

2 '7 5  p e r c e n t.

“  T h e quantity of water u s e d in g a u g in g s h a ll b e a p p ro p r ia te to th e  

q u a lity  o f th e  c e m e n t, a n d  s h a ll b e s o p ro p o rtio n e d  th a t w h e n  th e  c e m e n t is  

g a u g e d i t s h a ll fo rm  a  s m o o th , e a s ily  w o rk e d  p a s te ,  

th a t w ill le a v e  th e  t ro w e l c le a n ly  in a c o m p a c t m a s s . 

F re sh w a te r s h a ll b e u s e d fo r g a u g in g , a n d th e  

te m p e ra tu re  th e re o f a n d  th a t o f th e  te s t- ro o m , a t th e  

t im e  th e  s a id  o p e ra tio n s a re p e r fo rm e d , s h a ll b e f ro m  

5 8 to 6 4 d e g re e s F a h re n h e it. T h e c e m e n t g a u g e d  

a s  a b o v e  s h a ll b e  f i lle d , w ith o u t m e c h a n ic a l ra m m in g ,  

in to  m o u ld s  o f  th e  fo rm  s h o w n in  f ig . 8 8 , e a c h m o u ld  

re s tin g u p o n  a n  i ro n  p la te u n til th e  c e m e n t h a s  s e t . 

W h e n th e c e m e n t h a s s e t s u ff ic ie n tly  to  e n a b le th e  

m o u ld  to  b e  re m o v e d  w ith o u t in ju ry  to  th e  b r iq u e tte  

s u c h re m o v a l is to  b e e f fe c te d . T h e b r iq u e tte  s h a ll  

b e k e p t in  a  d a m p  a tm o s p h è re  fo r tw e n ty - fo u r h o u rs  

a f te r  g a u g in g , w h e n  i t s h a ll b e p la c e d  in f re sh  w a te r

F i g . 8 8 .  — S ta n d a rd  

B riq u e tte .

a n d a llo w e d to re m a in th e re u n ti l re q u ire d fo r b re a k in g , th e w a te r in

1 A n y  p u rc h a s e r w is h in g  to  h a v e  th e  c e m e n t d e liv e re d  in  s e a le d  b a g s , o r in  b a g s o f  

a n y  c e r ta in  s iz e , s h o u ld  s o  s p e c ify  a t  th e  t im e  o f  o rd e r in g .

2 T h e  p ro p o r tio n  o f l im e to  s i lic a a n d  a lu m in a s h a ll n o t b e g re a te r th a n  th e  ra t io  

(c a lc u la te d  in  c h e m ic a l é q u iv a le n ts ) re p re s e n te d b y o ^ r r r r  =  2 '8 5 . T h e m o le c u la r  

w e ig h t o f  l im e  =  5 6  ; s i l ic a = 6 0  ; a lu m in a  =  1 0 2 .
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which the test briquettes are submerged being renewed every seven days and 

the temperature thereof maintained between 58 and 64 degrees Fahrenheit.

“ Briquettes of neat cement of the shape and dimensions shown in fig. 88, 

having a minimum section of 1 inch square, shall be gauged for breaking 

at 7 and 28 days respectively, six briquettes for each period. The average 

tensile strength of the six briquettes shall be taken as the accepted tensile 

strength for each period. For breaking, the briquettes shall be held in 

strong, metal jaws of the shape shown in fig. 89, the briquettes being 

slightly greased where gripped by the jaws. The load must then be steadily

PLAN.

Fig . 89. —Standard Jaws for Briquette.

and uniformly applied, starting from zero and inereasing at the rate of 

100 Ibs. in twelve seconds. The briquettes shall bear, on the average, 

not less than the following tensile stresses before breaking :—

7 days from gauging, 400 Ibs. 

28 „ „ 500 ,,

The increase from 7 to 28 days shall not be less than : —

25 per cent, when the 7 days’ test falls between 400 to 450 Ibs.

20 ,, ,, „ „ 450 to 500 „

15 „ „ „ „ 500 to 550 „

10 „ „ „ „ 550 to 600 „

5 „ ,, ,, is 600 Ibs. or upwards.
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“ The cement shall also be tested by means of briquettes prepared from one 
part of cement to three parts by weight of dry standard sand, the briquettes 
being of the shape described for the neat cement tests; the mode of gauging, 
the filling of the moulds, and the breaking of the briquettes shall also be 
similar. The proportion of water used shall be such that the mixture is 
thoroughly wetted, and there shall be no superfluous water when the briquettes 
are formed. The cement and sand briquettes shall bear the following tensile 
stresses :—

7 days from gauging, 150 Ibs.
28 „ „ 250 ,,

The increase from 7 to 28 days shall not be less than 20 per cent.
“ The standard sand referred to is to be obtained from Leighton Buzzard.

Fia. 90.—Needle for Cement 
Testing.

It must be thoroughly washed, dried, and 
passed through a sieve of 20 by 20 meshes 
per square inch, and must be retained on a 
sieve of 30 by 30 meshes per square inch, 
the wires of the sieves being -0164 inch and 
■0108 inch in diameter respectively.

“There shall be three distinct gradations 
of setting time, which shall be designated as 
Quick, Medium, and Slow.1

“ Quick : The final setting time shall be 

not less than ten minutes nor more than 

thirty minutes.

“ Medium : The final setting time shall be 
not less than half an hour nor more than 
two hours.

“Slow : The final setting time shall be 
not less than two hours nor more than seven 
hours.

“ The temperature of the air in the test- 
room at the time of gauging, and of the 
water used, shall be between 58 and 64 
degrees Fahrenheit.2

“ The cement shall be considered as finally 
set when a needle of the form shown in 
fig. 90, having a flat end inch square, 
weighing in all 2| Ibs., fails to make an 
impression when its point is applied gently 
to the surface.

“The pats shall be mixed as previously described.
“The cement shall be tested by the Le Chatelier method, and shall in

1 When a specially slow setting cement is required the minimum time of final setting 
shall be specified.

2 Ths limits of temperature are applicable to the British Isles.
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n o  c a s e  s h o w  a  g r e a t e r  e x p a n s io n  t h a n  1 0  m i l l im e t r e s  a f t e r  tw e n ty - f o u r  h o u r s ’ 

a é r a t i o n  a n d  5  m i l l im e t r e s  a f t e r  s e v e n  d a y s ’ a é r a t i o n .

“  T h e  a p p a r a tu s  f o r c o n d u c t in g  t h e  L e  C h a te l ie r t e s t ( f i g . 9 1 ) c o n s i s t s  

o f  a  s m a l l  s p l i t c y l in d e r o f s p r in g  b r a s s  o r o th e r s u i ta b l e  m e ta l  o f  0 '5  m il l i -  

m e tr e  ( ’0 1 9 7  i n c h )  i n  t h ic k n e s s , f o r m in g  a  m o u ld  3 0  m i l l im e t r e s  ( 1 ^  i n c h e s )  

i n te r n a l  d ia m e te r  a n d  3 0  m i l l im e t r e s  h ig h . O n  e i th e r  s id e  o f t h e  s p l i t a r e  

a t ta c h e d  tw o  i n d i c a to r s  w i th  p o in t e d  e n d s  A A , t h e  d i s t a n c e  f r o m  t h e s e  e n d s  

t o  t h e  c e n t r e  o f  t h e  c y l in d e r  b e in g  1 6 5  m i l l im e t r e s  ( 6 | i n c h e s ) .

“  I n  c o n d u c t in g  t h e  t e s t , t h e  m o u ld  i s t o  b e  p la c e d  u p o n  a  s m a l l  p ie c e  o f  

g la s s  a n d  f i l l e d  w i th  c e m e n t g a u g e d  i n  t h e  u s u a l  w a y , c a r e  b e in g  t a k e n  t o

Split Cylinder o.F Spring 

Brass or other suitable 

Metal about /a^int 

thickness. y

Elevation.

F i g . 9 1 .  — A p p a r a tu s  f o r  L e  C h a te l i e r  T e s t .

k e e p  t h e  e d g e s  o f  t h e  m o u ld  g e n t ly  t o g e th e r  w h i le  t h i s  o p e r a t io n  i s  b e in g  p e r -  

f o r m e d . T h e  m o u ld  i s  t h e n  c o v e r e d  w i th  a n o th e r  g la s s  p la t e  ; a  s m a l l  w e ig h t  

i s  t o  b e  p la c e d  o n  t h i s , a n d  t h e  m o u ld  i s  t h e n  t o  b e  im m e d ia t e ly  p la c e d  i n  

w a te r  a t a  t e m p e r a tu r e  o f 5 8  t o  6 4  d e g r e e s F a h r e n h e i t a n d  l e f t t h e r e  f o r  

tw e n ty - f o u r  h o u r s .

“  T h e  d i s ta n c e  s e p a r a t i n g  t h e  i n d i c a to r p o in t s  i s  t h e n  t o  b e  m e a s u r e d , a n d  

t h e  m o u ld  p la c e d  i n  c o ld  w a te r , w h ic h  i s t o  b e  b r o u g h t t o  b o i l in g  p o in t i n  

f i f te e n  t o  t h i r ty  m in u te s  a n d  k e p t b o i l in g  f o r s ix  h o u r s . A f te r  c o o l in g , t h e  

d i s ta n c e  s e p a r a t i n g  t h e  p o in t s  i s  a g a in  t o  b e  m e a s u r e d . T h e  d i f f e r e n c e  b e tw e e n  

t h e  tw o  m e a s u r e m e n t s  r e p r e s e n ts  t h e  e x p a n s io n  o f  t h e  c e m e n t , w h ic h  m u s t  n o t  

e x c e e d  t h e  l im i ts  l a id  d o w n  i n  t h i s  s p é c i f i c a t i o n .”

T h e  f o r e g o in g  t e s ts s h a l l , a s f a r a s p o s s ib l e , b e  m a d e w i th in  f o u r t e e n  

d a y s  f r o m  f u l l d e l iv e r y  o f e a c h  c o n s ig n m e n t o f c e m e n t , a n d  a n y  c o n s ig n -  

m e n t , t h e s a m p le s o f w h ic h d o n o t p r o v e s a t i s f a c to r y i n t e s t in g , s h a l l  

b e  r e j e c t e d .

S o m e  o f t h e  t e s t  b r iq u e t t e s  m a d e  a s d e s c r ib e d  a b o v e  w i l l b e  k e p t i n ta c t  

f o r a  p e r io d  o f s ix  w e e k s , a n d  t h e s e  w i l l b e  e x a m in e d  f r o m  t im e t o  t im e .  

S h o u ld  a u y  o f  t h e m  s h o w  s ig u s  o f  c r a c k in g  o r  d i s in t e g r a t i o n  w i th in  s ix  w e e k s
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from date of gauging, the whole of the cement represented by the defective 

briquettes will be condemned.

The whole of any individual consignment of cement must be delivered on 

the site of the works sufficiently in advance of its intended use to allow of the 

foregoing tests being completed and adjudicated upon.

Contractors, or others using the cement, must provide on the site a 

suitable, water-tight, dry, wooden-floored store, capable of accommodating one- 

hundred ton lots so as to be kept distinct from each other. The cement is to 

be spread out over the floor to a depth not exceeding 3 feet, for a period of 

three weeks, immediately prior to using, and is to be turned over twice a 

week.1 In humid weather the cement is to be protected from an excessive 

absorption of moisture. The stock must never be allowed to fall below 

six weeks’ requirements.

Cement which has failed to corne up to the requirements of the spécifica­

tion must be removed forthwith, and no cement must be used until a certificate 

pf its efficiency has been issued.

For the purpose of gauging the ingredients for concrete, strongly constructed 

measuring boxes are to be provided.

The mixing of the concrete may be done either by haud or by a machine 

of approved make.

For hand-mixing the following procedure is to be adopted. A wooden 

platform must first be laid down, and upon this a cubie yard of the aggregate 

will be deposited and spread out into a uniform layer 12 inches in depth. 

This layer is to be evenly covered by the proper proportion of cement, and the 

whole turned over three times dry. Then water is to be added, applied 

through a rose-ended sprinkler, while the concrete is again turned over three 

times wet. On no account is the concrete to be deposited until perfect incor­
poration has been effected.

The quantity of water used must be adequate to bring the concrete to a 

viscous condition, of the consistency of slime. There must not be any excess, 

however, such as would wash the cement from the aggregate.2

In windy weather suitable screens are to be provided to prevent loss of cement.

In frosty weather no concrete is to be prepared without definite sanction 

and under appropriate conditions.3

No concrete is to be allowed to stand after being mixed, but must be used 

forthwith. It may not be thrown into foundations from a greater height than 

6 feet, and it must be deposited in such a manner as to secure homogeneity 

and compactness.

Concrete work shall, as far as practicable, be carried on continuously in a 

series of layers not exceeding 3 feet in thickness, extending over the whole of the

1 In view of modern methods of treating the cement prior to delivery, this clause is not 
now generally necessary.

2 This applies to concrete used in situations free from water. For deposition under 
water, special measures are required which cannot be covered by a general spécification.

3 Such as the use of very salt water and, possibly, of sugar. The work will also require 
covering. 1
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site. Where this is impossible, the higher part of it must be racked or stepped 

downwards to mect the lower, in steps about 5 feet high by 2 feet broad, and 

vertical joints must be avoided unless necessitated by particular requirements.

The scum arising from the concrete is to be allowed to drain away, and 

any that settles on the surface of a layer is to be carefully removed. After a 

layer has set, for which purpose two days must be allowed, an additional layer 

may be deposited, but not before the surface of the former layer has been well 

picked, washed with cleau water, and brushed.
The surfaces of all brickwork, masonry, or concrete, on or against which 

concrete is to be laid, must be thoroughly cleaned and wetted immediately be­

fore the concrete is applied.
All wooden moulding boards are to have their surfaces paid over with 

oil, or a suitable composition, to prevent the concrete from adhering to them.

The exposed surfaces of all concrete work must present a fair and smooth 

appearance where such is desired, and any superficial irregularities must be 

made good with mortar composed of 1 part Portland cement to 2 parts of 

clean, sharp sand.
Where a facing of higher quality concrete is to be worked on to a lower 

quality backing, the division between the two portions is to be formed by a 

movable hånd shutter. The two qualifies (as 8 to 1 and 6 to 1) are to be 

deposited simultaneously and the shutter gradually raised, so that there may 

be thorough incorporation and the absence of any break or joint.

Inspection.— Finally, it may be observed that owing to the dependence of 

sound concrete upon perfect manipulation, both in mixing and in depositing, 

too much stress cannot be laid upon the desirability of appointing a trust- 

worthy and competent man to personally supervise all concreting operations. 

In the case of work done by contract, it is a most essential step; in this way 

alone can the character of the workmanship be guaranteed, and without that, 

the best materials may prove practically worthiess.

As a matter of interesting comparison, the conditions laid down in a 

modern Japanese spécification are appcnded.

Co n c r e t e in Bl o c k s a t  Os a k a  Ha r b o u r  Wo r k s , Ja pa n .1

The proportions of the concrete were as follows :—

Portland cement, . 25 Ibs. to 1 cubic foot of sand.

Sand, . . • 2I by volume.

Gravel, ...

Since each block contained 120 cubic feet, the corresponding ingrédients 

were :—
Cement, . . . ■ 1500 Ibs.

Sand, .... 60 cubic feet.

Gravel .... 90 cubic feet.

1 Shima on Osaka Harbour Works, Trans. Am. Soc. C.E., vol. liv.; Int. Eng. 
Conf., 1904.
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Samples of the cement were taken from 2 per cent, to 5 per cent, of 

the barreis of every cargo. Extracts from the principal clauses of the 

spécification are as follows :—

Chemical Analysis.—“If a sample of cement shows by chemical analysis 

that it contains either more than 1 per cent, of anhydrous sulphuric acid, or 

a trace of calcium sulphide, or more than 3 per cent, of magnesia, or more 

than 4 per cent, of ferrie oxide, or that the hydraulic index is less than 42, 
the cement shall be rejected.”

Setting.—“ Cements which begin to set in less than one hour or finish 

setting in less than three hours or later than twelve hours, shall be rejected.”

'lensile Strength.—“The tensile strength of the neat cement briquettes 

after seven days shall be not less than 285 Ibs. per square inch, and after 

twenty-eight days not less than 500 Ibs. per square inch; that of the 

standard sand mortar briquettes after seven days shall be not less than 110 

Ibs. per square inch, and after twenty-eight days not less than 215 Ibs. per 

square inch. (The standard sand mortar consists of 1 part of cement to 3 
parts of standard sand.)”

The sand was obtained at the mouth of the River Yamato; its grains 
were clean, sharp, and angular. The sand was screened before being°used, 

on a sieve of j^inch square meshes.

No special variety of gravel was specified, but it was limited to that from 

sea beaches. It was obtained mostly from the north-western coast of Osaka 

Bay. The particles were hard and clean, but not very sharp. They were 

screened between 2-inch and f-inch sieves.



CHAPTER VI.

BREAKWATER DESIGN.

Importance of Breakwaters—Régime— The Sea Ware—Form, Height, and Length— 
Breaking Waves—Dynamical Value—Measurement of Wave Stroke—Dynamometers— 
Recorded Pressures— Instances of Wave Action—Classification of Breakwaters—Com- 
parison in Cost of Construction and Maintenance and in Efficiency—Conditions of 
Stability—Stresses in Wall Breakwaters—Summation of Type Characteristics—Ex- 
amples of Breakwater Design at Genoa, Marseilles, Algiers, Sandy Bay, and Tynemouth.

Th k most important work, as also the most prominent and fundamental 

feature, in connection with artificially sheltered harbours and roadsteads, is 

the Breakwater. As the name implies, its function is to break up and 

disperse heavy seas, preventing them from exerting their destructive influence 

upon the area inclosed for the reception of shipping. Manifestly, then, a 

breakwater must be characterised by great strength and stability. The 

safety of helpless vessels and the efficiency of the harbour as a place of 

refuge are bound up in the essential permanence and immobility of the 

breakwater.

Before proceeding to an investigation of the principles which underlie the 

design of breakwaters and by which these objects may be attained, we have 

to pass in review the conditions and environment to which such structures 

must conform and the general circumstances attending their construction and 

maintenance.

Régime of Breakwaters.—Structures erected within the domain of the 

sea and submerged for the greater part of their bulk, if not altogether, are 

subjected to physical experiences of a nature very different from those which 

are characteristic of structures on land. The fact of immersion materially 

modifies the effect of gravity upon a body, reducing its apparent weight to a 

very considerable extent. That this condition must be applicable to mari­

time structures is obvious, unless, indeed, the foundation be absolutely 

impervious and there be an entire absence of duets for the penetration of 

water—conditions which, in many cases, are quite unrealisable, and in most 

are so imperfectly guaranteed as to render them inacceptable as working 

hypothèses. The solvent properties of water combined with the extreme 

mobility of its particles, cause it to act in a most prejudicial and injurious 

manner upon much of the material used in breakwaters, as well as upon the 

foundation itself, and these merely mechanical effects are supplemented and
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aggravated by physical and molecular changes, resulting in deterioration in 

strength and durability. The intensity of the external forces which make 

for disruption is enormous, exceeding beyond all comparison the power of the 

wind on land structures. Wave agency is a thousandfold more potent than 

the most intense atmospheric movement. There are, moreover, insidious 

denizens of the sea, infesting it by millions, which, by their concerted action, 

Fie. 92. —Section of Portland Breakwater.

are capable of undermining the hårdest and soundest building materials, and 

that in the most secret and surreptitious manner, the damage being as un- 

suspected as it is irrémédiable.

Such inimical natural phenomena constitute the normal and characteristic 

environment of all maritime structures. They are bonded together, as it 

were, in an offensive alliance to urge incessant and unrelenting war upon 

mau’s handiwork—sapping, wearing, battering, making subtle inroads and 

open breaches, working now by patient effort, long sustained, and now by 

sudden, prodigious feats, month after month, year in and year out, knowing 
neither truce nor armistice.

The Sea Wave.—But by far the mightiest of the forces arrayed against 

the harbour barrier is the sea wave. This mysterious product of wind and water 

is endowed with tremendous disruptive power. It acts with all the magnipotent 

impulse of a huge battering ram, while, at the same time, it is equipped with 

the point of the pick and the edge of the wedge. It is, in fact, one of the 

most complex, the most volatile, the most pertinacious, and the most incom­
préhensible of natural forces.

From an engineering point of view, we have little to do with abstract 

theories of wave formation. Mathematically, the subject is too abstruse for 

any but very accomplished and capable mathematicians, and the intricacies 

of calculation are interesting only as academical exercises. Many of the 

theories advanced are merely tentative and lack substantial corroboration • 

others, while generally accepted, are still the subjects of spéculation and 

inquiry. Thus, no useful purpose would be served by pursuing an investiga­

tion into the laws and phenomena of water undulation. Students who 

wish to do so, however, may consult the articles on Wave and Tide in the
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Encyclopedia Britannica or the Fmeyclopedia Metropolitana. The late Sir 

George Airy, the distinguished Astronomer-Royal, also wrote a treatise on 

Tides and Waves, and this, with the works of Scott Russell and Weber, and 

later, of Wheeler, afford sufficient scope for reference.

Yet, while disclaiming any intention of probing into the depths of abstruse 

speculation, we cannot abstain from alluding in general terms to those 

principles of wave action which have reference to their physical effects upon 

engineering structures. Such information is essential to an appréciation of 

the problems of breakwater design.
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Fig . 93. —Section of Plymouth Breakwater.

For the present purpose, it suffices to state that water waves have con- 

veniently been divided into two classes, viz., waves of oscillation, without 

forward motion, and waves of translation, possessing it. Yet, in spite of this 

distinction—a purely artificial one,—it seems probable that all waves are more 

or less waves of translation, causing the particles of which they are composed 

to advance permanently to some slight extent, at least. So far as sea waves 

are concerned, those which possess the power of exerting any appreciable 

effect on the stability of maritime works are undoubtedly waves of the 

second division.

Form of Waves. —The formation of storm waves takes place in the open 

sea, and their inception is, of course, due to the wind. The outline assumed 

is extremely variable, depending both upon the length of the undulation and 

its period, the lastnamed being the interval of time in which the wave 

traverses a distance equal to its length. The crest, or summit, of a wave is 

sometimes rounded, sometimes acute, and, in either case, it attains a height 

above mean sea level greater than the depth of the trough below it. In a 

swell in the open sea, the profile of a wave perhaps most nearly resembles a 

sinoidal curve, the slope directly exposed to wind action being more gradual 

and less steep than the leeward slope.

Under the conditions of modern investigation, however, as exemplified in 

the researches of Weber, Scott Russell, Enry, and Aimé, the hypothesis has 

been advanced that there is an orbital movement in waves, each particle of 

which they are composed pursuing a regular geometrical path. The precise 

nature of the path depends upon local conditions. Where the depth of water
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is sufficiently great, that is, where the depth is at least equal to the length of 

the wave from crest to crest, the motion of the particles of water is rotary 

along the circumference of a circle, as shown in fig. 94. The wave is one of

oscillation, and each particle complétés a revolution, returning approximately 

to its initial position. The profile of the wave, then, is a cycloidal curve traced 

out by a generating circle, which constitutes the orbit of the surface particles.

Fig . 95.—Wave in Shallow Water.

Accordingly, the actual momentary direction of motion of each of the 

particles is independent and variable. Thus, at the crest, the motion is 

horizontally forward ; in the trough, it is horizontally backward ; whilst at the
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midpoint between these extremes, it is purely vertical. Below the surface 

level the circular paths diminish rapidly to an insensible minuteness. At a 

depth equal to the length of the wave, the displacement of the water particles 

Is TJX of that of the surface particles, and at double the depth the ratio is 

reduced to 000,000*
In shallow water of uniform depth, that is, in water the depth of which is 

less than the length of the wave, the orbit of the water particles is approxi- 

mately elliptical with the major axis horizontal, as shown in fig. 95. The 

centre of the orbit lies slightly above the position of rest. With this exception, 

the same dispositions hold good as in the previous case as regards the move- 

ment of the particles. The ellipses of movement become flatter as the 

distance below the surface increases, until finally at the bottom there is 

horizontal motion only. In water which has a depth of only one-tenth of the 

length of the wave, the ratio of the elliptical axes at the surface is about ^, 

and at nine-tenths of the depth it is y^.

When, instead of remaining uniform in depth, the water in which a wave 

is travelling becomes increasingly shallow (fig. 96), the orbits of the particles

of water become correspondingly distorted. Owing to the friction exerted 

along the bottom, the major axis of revolution acquires an inclination to the 

horizontal, which is continually augmented. The wave ceases to be purely 

oscillatory : it undergoes a graduai transformation. The front of it becomes 

steeper than the back, the crest gaining more and more upon the trough until 

it actually overhangs. Then it falls forward and breaks into surf. At this 

point the wave is altogether a wave of translation, and the forward motion of 

the particles is exactly equal to the velocity of the wave. It is in this phase 

that waves possess their most formidable potency.

Any sudden change in the level of the ground over which a wave is 

travelling is capable of producing the disruption of the wave. This effect is 

not confined to shallow reaches, but extends to depths as great as 16 to 20 

fathoms, or even more, in the open sea. Thus, on the Herreca reef, seven 

miles from land, breakers are apparent in tempestuous weather in a depth of 

90 feet of water.

Height of Waves. —The inception of waves being due to the wind, their 

development manifestly depends upon the extent of surface acted upon. 

Waves generated without restriction are capable, under propitious circum- 

stances, of attaining a very high degree of development, both as regards height 

and length. On the Lake of Geneva, for instance, storm waves are stated to 

reach a height of 10 feet; in the German Ocean, from 12 to 15 feet; in the



I l6 HARBOUR ENGINEERING.

Mediterranean Sea, from 15 to 20 feet ; in the Bay of Biscay, from 25 to 30 

feet ; in the open Atlantic, from 30 to 40 feet; and in the Pacific (off Cape 

Horn and the Cape of Good Hope) from 50 to 60 feet. Other estimates of a 

much higher nature have been made, but it is open to question whether they 

have not been influenced by an uneonscious tendency to exaggeration on the 

part of the observer, due to the inspiring nature of the spectacle, or been 

founded upon mistaken and erroneous data. There is, in such cases, a strong 

and an acknowledged inducement to use picturesque language and to speak of 

waves as “ mountains high,” to which, of course, numerical values must as far 

as possible correspond. Indeed, viewed at close quarters, a formidable wall 

of water towering suddenly above the spectator’s line of sight, even when 

on the upper deck of a vessel, can hardly fail to produce an illusory sense 

of enormous magnitude and overwhelming menace. So far, however, as 

unquestionable records go, it may safely be asserted that 50 feet is about the 

maximum height attainable by unbroken waves, and this view is supported 

by the opinions and testimony of Sir George Airy, Captain Scoresby, and 

other observers.

The heights of waves breaking against the cliffs and headlands of a rocky 

coast do not, of course, corne within this category. The summits of columns 

of water thrown up by the force of impact attain, as might be expected, to 

much greater altitudes. The effect is particularly noticeable in the case of 

lighthouses and prominences with vertical or nearly vertical faces. Thus, at 

The Hague heights of 75 feet, at Bell Rock 100 feet, and at Eddystone 

150 feet, have frequently been recorded, and Lord Dunraven has observed 

heights of 150 feet on the precipitous South West Coast of Ireland.
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Fig . 97. —Section of Holyhead Breakwater.

On the basis of the evident connection existing between the development 

of waves and the generating distance, Stevenson, the eminent harbour 

engineer, devised an empirical formula to determine the height of waves from 

the Fetch, or extent of sea available for the purpose of generation. Taking H
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as the height, in feet, of the wave, and F as the length, in miles, of the fetch, 

he found that approximately

H=r5^  ..................................... (a)

or, more closely, for short fetches of less than 30 miles,

11= 1'5 s/F  +  (2-5-4 x/F) . ...  (0)

The following instances afford a comparison of the results of calculation  

based upon these formulæ, with the values obtained from  actual observation.

H e ig h t  o f  W a v e s .

Place of Observation.
Length of Fetch, 

Nautical M iles.
Observed Height 

of  W aves in Feet.

Calculated Height in Feet.

Formula (a). Formula (0).

Scalpa Flow 1-0 4-0 1-5 3-0

Firth of Forth . 1-3 1-8 1-8 3'2

Lough Foyle 7-5 4-0 4-1 4 ’96

Clyde. 9-0 4-0 4 ’5 5-25

Colonsay . 9-0 5-0 4-5 5'25

Lough Foyle 11 0 5-0 5-0 5-7

Anstruther 24-0 6-5 7-5 7'7

Lake of Geneva . 30-0 8-2 8-2 8-37

Buckie 40'0 8-0 9 ’5

Douglas, I.O.M . . 65-0 10-1 12-0

Kingstown . . . 114'0 15-0 16-0

Sunderland 165-0 15-0 19-3

Peterhead . 400-0 22-6 30-0

It is manifest, however, that waves cannot attain their full development 

where there is inadequate depth. No wave can have a height greater than 

the depth of water through which it passes. Consequently, the intervention  

of shoals in the path of a wave serves to limit its size. Reefs and sandbanks, 

even though entirely submerged, materially reduce the range of undulation, 

and the length of fetch must be gauged accordingly. Thus the effective 

length of open sea may be much less than the apparent length.

But, even with this restriction, the fetch is far from being an exact or 

reliable indication of wave height in every locality. It is true that the 

maximum height attainable can be calculated therefrom with some approach  

to accuracy ; but the faet must not be overlooked that winds may not always, 

or often, or indeed ever, blow along the line of maximum fetch. There is a 

stretch of 500 miles of open sea leading to the harbour of Kurrachee with 

unrestricted depth, yet the highest waves— those from the south west— are 

said not to exceed 15 feet. Other instances might be adduced— such as 

Peterhead in the preceding table— to show that the maximum fetch alone is 

by no means an infallible criterion of wave height. There is also another 

point of no slight importance. Not only is it possible for the severest gales 

to blow from some other quarter of the compass than that lying in the direction
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of the greatest fetch, but it is also a matter of experience that heavy rollers 

are frequently deflected so as to reach a point on the coast which does not lie 

upon their direct path. This is exemplified in the case of a headland and bay 

in fig. 98, and the same effect is noticeable at the pierheads of artißcially 

sheltered harbours. Islands also act as pivots in many cases, causing the 

waves to wheel round and break upon their leeward shores. The result is 

due, no doubt, to the retardation produced by shallowing ground upon the 

nearer portion of waves approaching a coast obliquely, or running parallel 

thereto.

Furthermore, the convergency due to narrowing inlets tends to accentuate, 

to a greater degree even, the eccentricities of wave development. Pent 

between lateral arms drawing gradually closer together, the volume of water is 

raised above the level it would normally assume, and so gives rise to breakers 

of a character equally marked.

As a corollary to what has been said, it is evident that waves of great 

height cannot reach any coast-line, and, for that matter, any artificial 

barrier, unless there be an unbroken extent of deep water penetrating close 

into them.

Leng’th of Waves.—The length of waves is a feature which seems to be 

independent of the height, though it is connected in some way with the 

amount of exposure to wind action, and it influences the force of the wave. In 

the Atlantic Ocean waves of from 500 to 600 feet between crests have been 

observed, while in the Pacific they are stated to reach anything from 600 to 

1000 feet.

The length of waves, however, in the open sea is a difficult matter to 

determine satisfactorily, owing to the absence of any reliable linear standard. 

Alongside jetties and piers, the obstacles in the way of exact measurement are 

not so great, and serviceable computations may be made with the aid of 

Bertin’s formula. Observing the length of time in seconds which elapses 

between the passage of the same point by two successive crests—in other words,
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th e  p e r io d  o f th e  w a v e , c a ll in g  th is  p e r io d  P  a n d  th e  le n g th  o f th e  w a v e  in

f e e t L ,— w e  h a v e

o r , f a i r ly  a p p ro x im a te ly ,

T  _  P 2? .
L ”  2 7 ’

L = 5  P 2 .

T h e  le n g th  o f  th e  w a v e  in  c o n ju n e t io n  w ith  th e  d e p th  o f w a te r  d é te rm in e s  

th e  s p e e d o f m o v e m e n t o f th e w a v e a n d , c o n jo in t ly , th e v e lo c ity  o f th e  

p a r t ic le s  o f w h ic h  i t i s c o m p o s e d . T h e  r e la tio n s h ip  e x is t in g  b e tw e e n  th e s e  

e le m e n ts w ill b e  d is c u s s e d a  l i t t le  la te r .

B re a k in g  ’ W a v e s .— W e  h a v e  n o w  to  c o n s id e r th e  m a n n e r in  w h ic h  a  

w a v e a c ts u p o n  a n y  f ix e d o b s ta c le in i t s p a th , w h e th e r i t b e  th e  b e a c h  

u p o n  w h ic h i t i s s p e n t o r a n a r ti f ic ia l b a r r ie r w h ic h c a u s e s i t s a b ru p t

c o l la p s e .

D e a l in g  f i r s t w ith  th e  o s c i l la to ry w a v e , a n d  a s su m in g  th a t i t r e a c h e s a  

w a ll o r o th e r o b s tru c t io n  h a v in g  a n  a b ru p t, v e r t ic a l f a c e , w e f in d  th a t i t i s  

r e f le c te d  in  th e m a n n e r in d ic a te d b y  f ig . 9 9 . T h e p a r t ic le s o f w a te r in  

c o n ta c t w ith  th e  w a ll (A ) m o v e u p  a n d  d o w n  < ;^

th ro u g h  a  h e ig h t w h ic h  i s tw ic e th e  h e ig h t o f > ^ \ b  

th e  o r ig in a l w a v e , a s a ls o d o th e p a r t ic le s in  

th e  t r o u g h  (C ) h a lf  a  w a v e - le n g th  d is ta n t . A t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

a p o in t (B ) m id w a y  b e tw e e n  th e t r o u g h a n d ' Z^ ^ ^ ^ ^ ^ g  

th e  w a ll, th a t i s , o n e  q u a r te r o f a  w a v e - le n g th _ _ _ _ _ _ _ _ _ _ F io . 9 9 . 

f ro m  e i th e r , th e p a r t ic le s m o v e h o r iz o n ta l ly  

b a c k w a rd s  a n d  fo rw a rd s , w h ile  a t  in te rm e d ia te  p o in ts  th e  p a th  o f th e  p a r t ic le s  

i s in c l in e d  a t v a r io n s a n g le s . T h e w h o le m o tio n , in  f a c t, i s th e  in v e r s e  o f  

th a t w h ic h  o c c u r s  in  th e  u n o b s tru c te d  w a v e .

W h e n , o n  th e  o th e r  h a n d , w ith o u t  m e e tin g  w ith  a n y  a b ru p t o b s ta c le , th e  

w a v e a d v a n c e s in to  r a p id ly  s h o a l in g  w a te r , i t s e n e rg y  i s c o m m u n ic a te d to  

s m a lle r  a n d  s u c c e s s iv e ly  d e c re a s in g  m a ss e s . C o n s e q u e n tly  th e r e  i s  a  te n d e n c y  

to p ro d u c e in th o s e m a s s e s a n  a g i ta t io n  o f in e r e a s in g  v io le n c e . B u t th is  

e f f e c t i s g e n e ra l ly d im in is h e d , a n d s o m e t im e s e n t ir e ly c o u n te r a c te d , b y  

th e lo s s o f e n e rg y d u e to f r ic tio n a lo n g th e b o t to m , a n d to s u rg in g .  

O n th e o th e r h a n d , th e in f lu e n c e o f c o n c e n tr a t io n a r is in g f ro m  fu n n e l-  

s h a p e d in le ts i s c le a r ly to in te n s i fy  th e a g i ta t io n , a n d th e s a m e e f f e c t  

i s p ro d u c ib le b y s u b m e rg e d ro c k s w ith d e e p  n a r ro w  g o rg e s b e tw e e n , in  

p a s s in g  th ro u g h  w h ic h  th e  w a te r i s h e a p e d  u p  in to  m a ss e s o f c o n s id é ra b le  

v o lu m e .

W h e n , h o w e v e r , th e  b o t to m  f r ic t io n  h a s p ro d u c e d  th e  n e c e s s a ry  r e ta rd a ­

t io n , th e  c re s t o f th e w a v e f a l ls fo rw a rd , a s h a s a lr e a d y  b e e n  e x p la in e d , a n d  

im p a c t ta k e s p la c e a t th e  p re c is e s ta g e  a t w h ic h  th e  fo rw a rd  m o tio n  o f  th e  

p a r t ic le s  h a s  b e c o m e  e q u a l to  th e  v e lo c i ty  o f th e w a v e , s o th a t th e  s t ro k e o f  

th e  la tte r  i s  d e l iv e r e d  w ith  m a x im u m  e f f e c t .

T a k in g  a l l th e s e  d iv e rs e  p h e n o m e n a  in to  c o n s id é ra t io n , i t i s e v id e n t th a t  

b re a k in g  w a v e s  r e s u l t in  th e  g e n e ra tio n  o f fo u r s e p a ra te  a n d  d is t in c t fo r c e s
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acting individually and collectively upon all obstacles and structures in their 
path.

(1) A direct horizontal force, exerting compression.

(2) A deflected vertical force, acting upwards and tending to shcar off any 

projections beyond the face line of the obstacle, whether cliff or wall.

(3) A vertical downward force due to the collapse of the wave and 

exercising a particularly disturbing effcct ou mounds in shallow water and 
beaches.

(4) The suction due to back-draught or after-tow. This also produces its 

most noticeable results on foundation beds, whether natural or artificial.

Applying these unmistakable and fundamental phenomena to the question 

of breakwater design, it will be reoognised that the forces to which they give 
rise are as follows :—

(1) A powerful momentary impact, combined with
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Fig . 100. — Section of Leixoes Breakwatei
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(') Hydrostatic pressure continuons for some short period, however minute, 
after the first shock.

Attending these principal forces there will be several subsidiary results, 
such as: —-

(1) A vibration of the whole structure, tending to weaken the connection 
of the varions parts.

(2) A series of impulses imparted to the water contained in the pores, 

joints, and interstices of the structure, producing internai pressures in varions 
directions.

(3) The alternate condensation and expansion of the volumes of air which 

are confined in cavities and which may be unable to escape freely or not 
at all.

The exact determination of these stresses is practically impossible. Some- 

thing, however, may be done towards estimating their scope and extent. 

How far this lies within the range of definite and effective calculation is our 
next concern.
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The Dynamical Value of Wave Action.—The difficulties attending 
a determination of the précise effort of a wave are due to several causes. In 
the first place, there is the incompressibility of water combined witli the 
extreme mobility of its particles. Arrested suddenly in the course of motion, 
it produces all the percussive effects of a solid body in an infinite number 
of directions. No clearer evidence of this could be produced than the 
phenomenon known as water-hammer. If the outlet valve of a hydraulic 
service-main be shut down abruptly, a blow is administered to the pipe which 
may be, and often is, sufficient to produce rupture, even at a considerable 
distance from the outlet, unless, as is generally the case, a relief valve is 
provided to prevent such a disastrous effect.

In the second place, the wave-stroke is both abrupt and continuous. Its 
first action is a blow, sharp and decisive and of higli momentary intensity.

10-5 0 <0 20 jo 40 so
umiuiil___ i ___ ii i (

Sca/e of feet

Fio. 101. —Section of Ymuiden Breakwater.

This is succeeded by statical pressure during the small but perceptible 
interval of time which suffices for the dispersai of the wave. Accordingly, 
there are two phases to be considered : (a) the initial concussion, and (i) the 
subséquent pressure. Üsually the question is dealt with entirely as a matter 
of simple, continuous impact, but it should be noted that wave action is far 
from being completely identical with the unbroken impulse of a water-jet.

Now, according to the principles of dynamics, the reaction of a surface 
st bjected to continuous impact is measured by the rate at which momentum 

is destroyed. If, therefore, w be the weight of a unit volume of water, — 

is the mass which impinges on unit surface in unit time, and — is the rate 

at which momentum is consumed. Hence, if p be the pressure on unit 
surface, we have
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A c c o rd in g ly , i f i t b e p o s s ib le to d e te rm in e th e v e lo c ity o f im p a c t , th e  

p re s su re  m o m e n ta r i ly  e x e r te d  m a y  b e  d e d u c e d  f ro m  th e  a b o v e  r e la t io n s h ip .

N o w , th e  v e lo c ity  o f  a  w a v e  in  s h a l lo w  w a te r  h a s  b e e n  fo u n d to  b e  n e a r ly  

th e  s a m e  a s th a t w h ic h w o u ld  b e  a c q u ire d  b y  a  h e a v y  b o d y  f a l l in g f r e e ly  

f ro m  r e s t u n d e r th e in f lu e n c e  o f g ra v i ta t io n  th ro u g h  a h e ig h t e q u a l to  th e  

s e m i-d e p th o f th e w a te r p lu s th re e - fo u r th s o f th e  h e ig h t o f th e w a v e . In  

s y m b o ls ,

W h e n  th e  d e p th  o f w a te r  e x c e e d s  th e  le n g th  o f th e  w a v e , th e  s p e e d  o f th e  

la t te r  is p ra c t ic a l ly  in d e p e n d e n t o f th e d e p th , a n d  is a lm o s t e x a c t ly  e q u a l to  

th e  v e lo c ity  a c q u ire d  b y  a  b o d y  f a l l in g  f r e e ly  th ro u g h  a h e ig h t e q u a l to  o n e -  

h a lf th e  r a d iu s o f th e c irc le , th e  c irc u m fe re n c e o f w h ic h c o n s ti tu te s th e  

le n g th  o f th e  w a v e . T h a t is :  —

R e v e r t in g  to  th e  f i r s t , ( a ) , o f th e fo re g o in g  e q u a t io n s , w e m a y  r e c a l l th e  

f a c t th a t i f th e  v e lo c ity  o f  a  f a l l in g  b o d y  b e  e x p re s s e d  in  te rm s o f th e  h e ig h t  

(Ä ) , o r  p e rh a p s , m o re  c o r re c tly , th e  d e p th  b e lo w  th e  p o s i tio n  o f r e s t , w e h a v e

v 2  =  2gh;

a n d , s u b s t i tu t in g  th is  v a lu e  fo r  V 2 in  ( a ) ,

p= 2wh . . . ..  (8 )

w h ic h  le a d s  u s  to  th e  c o n c lu s io n  th a t th e p re s su re  in te n s i ty  o f a w a te r - je t is  

e q u a l to  th e  w e ig h t o f  a  c o lu m n  o f w a te r  twice a s  h ig h  a s th e  a m o u n t o f f r e e  

f a l l r e q u ire d  to  g e n e ra te  th e  s p e c if ie d  v e lo c ity  in  a  h e a v y  p a r t ic le .

W e  s e e , h o w e v e r , th a t th e  n u m e r ic a l c o e f f ic ie n t in  th is la s t e x p re ss io n  is  

n o t a p p lic a b le  to  w a v e  p re s s u re s , o w in g  to  th e  m o d if ic a t io n s  in  th e  v a lu e  o f v 

g iv e n  a b o v e  in  ( / I )  a n d  (y ) . A s  a  m a tte r o f f a c t , th e  v a lu e o f th e  c o e f f ic ie n t 

is  v e ry  v a r io u s ly  s ta te d  b y  d if fe re n t a ù th o r it ie s , s o  th a t a l l th a t is ju s ti f ia b le  

is  to  w rite  in  g e n e ra l te rm s ,

p= kwh . . . ..  ( e )

w h e re  k h a s  a  f a ir ly  w id e  r a n g e  o f  v a lu e s .

T h u s , D u b u a t g iv e s  £ = 1 ’8 5

R a y le ig h „ Æ = 1 ‘9 6

M a rio t te , , Z c = l '2 5

G a il la rd , , £ = 1 '3 1

J æ ss e l , , 4 = 1 6 2

T h ib a u lt , , Z r= l '8 5 ,

th e  a v e ra g e  v a lu e  b e in g  1 ’6 .

I t is to  b e n o te d , h o w e v e r , th a t G a illa rd  c o n s id e r s th e  v e lo c i ty  o f th e  

c re s t o f th e w a v e , w h ile  b re a k in g , to  e x c e e d  th e v e lo c i ty  o f th e b o d y  o f th e
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wave by 30 per cent., so that, if we give effect to this modification, his co­

efficient becomes raised to 2’33. This value, though much higher than any 

of the values of the other experimentalists quoted above, is not without 

support from the observations of Bidone, who obtained coefficients ranging 

from 1’5 to 2'3 for the pressure of water-jets.

The values assigned to k in the foregoing equation are all based on the 

assumption that the line of action of the wave is perpendicular to the surface 

on which it impinges. When the line of incidence makes an angle a with 

the surface, the coefficient undergoes further modification, and, according to 

Lord Rayleigh, k becomes

‘ig-rrsin a

2 +j/7r sin a

When a = 90° it will be noticed that this expression becomes approximately 

2, which, to a certain extent, coincides with the value of 7c given previously.

One point of interest about the fundamental equation p=kwh is that it 

may be written

p=^x2kgh;

and since w, the weight of salt water in Ibs. per cubic foot, differs imper- 

ceptibly from the value of 2g, the equation becomes practically

p=2kgh; .............................................. ©

or, giving k its mean value of say 1’6,

p=^gh .............................................. (g)

which is also transformable into

p=l'6w2 ..... (0)

Measurement of Wave-stroke. —It is a matter for regret that few 

or no appliances are available for satisfactorily comparing the results of 

theoretical calculation with actual pressures. It is true that various kinds 

of apparatus have been contrived for the express purpose of registering the 

compressive force of the wave-stroke, but for certain reasons these records 

cannot be considered an absolutely reliable criterion. The recoil of a spring 

is far from being a satisfactory niethod of gauging the colliding force of 

incompressible bodies. The very elasticity of the spring robs it of one of 

the most characteristic features of the ideal breakwater, and the retreat of 

the surface plate before the impulse of the wave is not in accordance with 

actual conditions. The real intensity of the blow, in fact, lies in the absence 

of yielding in either body. Theoretically, the effect of such impact is infinite, 

and in practice it must often far transcend the imperfect records of a none 

too sensitive spring dynamometer.

Furthermore, the assumption of uniform distribution of pressure involved 

in such means of measurement is untenable. Wave power is at least as 

subtle and irregular as wind pressure. Waves strike hardest in isolated
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Section.

Fig . 102. —Stevenson’s Wave-stroke 
Dynamometer.

places al. uncertain intervals. The location of the dynamometer may or may 

not coincide with these places ; in any case, it is a matter of mere hazard and 

surmise.

Yet, imperfectly as they realise ideal conditions, instruments of this class 

are as yet the only available means of obtaining practical data in regard to 

the force of waves. Stevenson’s apparatus is perhaps the best known. It 

is illustrated in Hg. 102. Several im- 

provements have been contrived since 

it was first designed, but in principle 

it consists of a flat disc, perpendicular 

to which, and behind it, are arranged 

four rods passing through a firmly fixed 

cylinder. The disc is set fronting the 

sea, and when it is struck by a wave the 

rods are forced back simultaneously 

through the cylinder, thereby extending 

a spring connected with the front of the 

latter. On each rod is a leathern ring, 

which, prior to movement, is in contact 

with the back plate of the cylinder. The 

passage of the rods through this plate is 

unrestrained ; but the rings cannot pass, 

and so they are forced along the rods. 

When the latter resume their original 

position under the recoil of the spring, 

the distance travelled by the rings is a 

measure of the intensity of the blow. 

An instrument on these lines, but 

with special features, was constructed a 

short time back by Messrs W. H. Bailey 

and Co., Ltd., of Manchester, for use 

on the coast of Japan. It is illustrated 

in fig. 103. The principal modihcation 

consists in placing the instrument on 

trunnions with a swivel base-plate, so 

that it may be adjusted both horizontally and vertically to any desired angle. 

A pencil attached to the index-rod and a revolving drum, enable the record 

to be kept graphically over a continuons period.

The calibration of these instruments is effected in the same way as 

ordinary spring balances; that is, by the imposition of dead loads. This 

method is open to the objection already stated, that statical pressure is quite 

a different thing from dynamical force, and a more appropriate system would 

be to calibrate by means of falling weights in units of kinetic energy. Yet, 

even then, there would be the difficulty of the conversion of these last into 

their statical équivalents. No satisfactory solution has yet been put forward.
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A dynamometer, lately devised by Major Gaillard of the Corps of 
Engineers of the U.S. Army, possesses a cylinder fitted with an elastic 
diaphragm and filled with liquid, which is in communication with a gauge. 
The mobility of the fluid particles enables the wave-stroke to be administered 
with less loss of energy than in the case of the solid plate, where the inertia

of the moving parts has to be overcome. But the appliance is characterised 
by the same absence of conformity with actual conditions, to which attention 

has already been drawn.
The maximum pressure actually recorded by the marine dynamometer 

does not appear to have exceeded 3| tons per square foot. At Skerryvore 
(in the Atlantic) a pressure of from 2^ to 2| tons per square foot has been 
observed; at Bell Rock (German Ocean) 1| tons; at Dunbar (East Lothian)
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3 J  t o n s ;  a n d  a t  B u c k i e  ( B a n f f s h i r e )  3  t o n s . S t e v e n s o n  n o t e d  t h a t  t h e  f o r c e  

o f  i m p a c t  o n  a  r i s i n g  s l o p e  i s  s i x  t i m e s  a s  g r e a t  a s  t h e  p r e s s u r e  o n  a  s t e e p  w a l l .

S o m e  i n f e r e n t i a l  r e c o r d s  m a y  b e  a d d u c e d  i n  c o n f i r m a t i o n  o f  t h e  a b o v e .  

F r o m  e x p e r i m e n t s  m a d e  w i t h  c o n c r e t e  b l o c k s  s l i d i n g  u p o n  a  w e l l - w e t t e d  

c o n c r e t e  f l o o r ,  M r  S h i e l d  d e t e r m i n e d  a  f r i c t i o n a l  c o e f f i c i e n t  o f  ' 7 . I n  1 8 9 1 ,  

a  s e c t i o n  o f  t h e  b r e a k w a t e r  a t  P e t e r h e a d ,  w e i g h i n g  3 3 0 0  t o n s  i n  a  s i n g l e  

m a s s ,  w a s  s l e w e d  b o d i l y  t o  t h e  e x t e n t  o f  2  i n c h e s ,  w i t h o u t  a n y  d i s l o c a t i o n  o f  

t h e  s u b s t r u c t u r e . T h e  w a v e s ,  t h e r e f o r e , m u s t  h a v e  e x e r t e d  a  p r e s s u r e  o f
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F i o .  1 0 4 .  — S e c t i o n  o f  M a d r a s  B r e a k w a t e r .  

o v e r  2 3 1 0  t o n s ,  w h i c h ,  u p o n  t h e  s u r f a c e  e x p o s e d ,  w o r k s  o u t  t o  a n  a v e r a g e  

p r e s s u r e  o f  r a t h e r  m o r e  t h a n  2  t o n s  p e r  s q u a r e  f o o t . 1

A t  P e n z a n c e , M r  F r a n k  L a t h a m  h a s  n o t e d  p r e s s u r e s  o f  f r o m  1 8  t o  

2 0  c w t s .  p e r  s q u a r e  f o o t . A t  C h e r b o u r g ,  w a v e  p r e s s u r e  i s  s t a t e d  t o  v a r y  

f r o m  5  t o  7  c w t s .  p e r  s q u a r e  f o o t .

E x a m p l e s  O f  W a v e  A c t i o n . — N o t e w o r t h y  i n s t a n c e s  o f  w a v e  a c t i o n  

a r e  n u m e r o u s ,  a n d  m a n y  o f  t h e m  r e m a r k a b l e  t o  a  d e g r e e  v e r g i n g  o n  t h e  

i n c r e d i b l e . A t  G e n o a ,  i n  1 8 9 8 ,  b l o c k s  o f  a r t i f i c i a l  s t o n e  w e i g h i n g  4 0  t o n s  

e a c h  a r e  s a i d  t o  h a v e  b e e n  d r i v e n  a  d i s t a n c e  o f  o v e r  1 6 0  f e e t . 2 A t  W i c k ,  i n  

1 8 7 2 ,  a  h u g e  m o n o l i t h  w e i g h i n g  1 3 5 0  t o n s  i s  r e c o r d e d  a s  h a v i n g  b e e n  r e m o v e d  

b o d i l y  f r o m  i t s  s e a t i n g ,  a n d  d e p o s i t e d  i n t a c t  s o m e  c o n s i d e r a b l e  d i s t a n c e  a w a y .  

A n o t h e r  e n o r m o u s  m a s s  o f  2 6 0 0  t o n s  a t  t h e  s a m e  p l a c e  w a s  b r o k e n  i n t o  t w o  

p i e c e s  a n d  s i m i l a r l y  d i s p l a c e d . 8 Y e t  a n o t h e r  i n s t a n c e  i s  a f f o r d e d  b y  t h e  

m o v e m e n t  o f  t h e  3 3 0 0 - t o n  m a s s  a t  P e t e r h e a d ,  a l r e a d y  a l l u d e d  t o .

Storm at Genoa.— I t  w i l l  n o t  b e  w i t h o u t  i n t e r e s t  t o  c o n s i d e r ,  i n  s o m e  

d e t a i l ,  t h e  d e s c r i p t i o n  o f  a  g r e a t  s t o r m  w h i c h  d a m a g e d  t h e  b r e a k w a t e r s  a t  

G e n o a  i n  1 8 9 8 . T h e  f o l l o w i n g  a c c o u n t  i s  c o n d e n s e d  f r o m  t h e  r e p o r t  o f  M .  

B e r n a r d i n i  t o  t h e  I n t e r n a t i o n a l  M a r i t i m e  C o n g r e s s  a t  M i l a n  i n  1 9 0 5 .

T h e  m a x i m u m  f e t c h  a t  G e n o a  i s  a b o u t  6 0 0  n a u t i c a l  m i l e s ,  a n d  t h e  s e c t o r  

o f  e x p o s u r e  h a s  a n  a n g l e  o f  3 0 °  o p e n  t o  t h e  s o u t h  w e s t .

1 Min. Proc. Inst. C.E., v o l .  c x x x v i i i .  p .  4 0 0 .

2  B e r n a r d i n i  o n  t h e  G a l l i e r a  M o l e ,  Proc. Inst. Nav. Cong. Milan, 1 9 0 5 .

3 Min. Proc. Inst. C.E. v o l .  x l i i i .
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On the evening of 26th February 1898, after several days of rainy 

weather and rough sea, both wind and waves became suddenly intensified. 

The gale augmented in violence as night advanced, reaching ite maximum 

shortly after midnight. The wave crests, mounting higher and higher, 

finally leapt over the parapet of the Galliera mole and fell upon the inner 

quay. The light at the pierhead was visible until 3 a .m ., when it suddenly 

went out. Although, as M. Bernardini admits, it was easy to confuse the 

spray with the wave itself, and the grandeur of the scene was a temptation

Fig . 105.—Harbour of Genoa.

towards exaggeration, it can certainly be said that the columns of water 

thrown up by the force of the waves, as they broke against the mole, attained 

a height of 65 feet during the early hours of the morning of 27th November. 

This is without taking into account a few small columns here and there, 

which rose to much greater heights—at least 100 feet. The height of the 

waves themselves is estimated from careful observation to have been about 

25 feet.

It is curious to note that, contrary to what might have been expected, the 

atmospheric pressure did not fall in proportion to the unusual violence of the
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gale. In faet, the diagram recorded by the local hydrographie bureau indi- 

cates that the minimum pressure was attaiued on the night preceding this 

great storm, which exceeded all previous memorable storms in intensity.

The break water at Genoa is somewhat of the shape of a slightly distorted 

Z, and is divided into two sections, known as the Nuovo mole, adjacent to the 

shore, and the Galliera mole, further out. The Nuovo mole is 2950 feet long,

Fig . 106.

while the Galliera mole comprises two arms 2155 feet and 2765 feet long 

respectively. In all, the breakwater is a mile and a half long. The damage 

wrought by the storm was as follows.

Of the Nuovo mole a length of rather over 800 feet flanking the deepest 

portion of the sea had its foundation laid bare, both the natural and artificial 

protection blocks being swept away and the front apron demolished, so that 

the foot of the wall lay exposed to the full effect of the waves. The nature

<5-0°M 10.(10 .

Fig . 107. — Part Section of Nuovo Mole.

of this transformation is indicated in fig. 107, which shows the section of the 

mole both prior and subséquent to the storm.

The Galliera mole had never suffered in any way from the frequent south- 

westerly gales to which it had been exposed.during the ten years of its 

existence preceding the storm of 1898. All that had been necessary was to 

renew from time to time the cement coating which had been applied as a 

preservative to the artificial blocks lying above water. When, therefore, the 

storm broke, every part of the mole was in perfect repair.
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During the early hours of the morning of 27th November, despite the faet 

that the outline of the mole was almost completely obscured by foam and spray, 

the shelter wall of the outer arm was observed to be split into several sections 

for a distance of 500 feet from its junction with the inner arm. Some of these 

sections had merely shifted in position, but others had been completely over­

turned on to the inside quay. As the day ad- 

vanced the breach was extended, until eventually 

it was 65 feet wide, the wall continuing to break 

away and small portions of it to be swept into 

the harbour. Fig. 109 is a plan of the damaged 

portion, and figs. 110, 111, and 112 are cross 

sections at various points.

In the first length, A.B., for a distance of 

about 230 feet from the commencement of the 

bend, the pitching or oovering of artificial stone 

blocks was torn off to depths varying from 6 feet 

6 inches to nearly 20 feet, the blocks in some 

cases being deposited along the outer slope, and 

in other cases projected a long way out 

side. The protecting apron was com- 

pletely swept away, but the founda- 

tion of the mole structure was not 

damaged beyond a few cracks near the 

base, which were neither large nor 

deep.

In the length B.C., the topmost 

course of artificial blocks of stone 

was overturned, and the lower courses 

were dislocated and partially damaged. 

The shelter wall was broken into five 1
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enormous blocks, of which four were ; 

shifted parallel to their original posi­

tion and one (number IV. on plan) was over­

turned on to the quay. Detailed particulars of 

the blocks are as follows : —

aij

No. of Block 
on plan.

Volume in 
cub. ft.

Weight in 
tons.

I. 15,510 1,012
II. 6,980 455
III. 4,935 322
IV. 13,395 894
V. 14,030 915

Il

In the length C.D. the shelter wall was entirely demolished and the 

artificial blocks disturbed, though not to the extent experienced in the
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Fig . 110. —Section of Damaged Portion of Galliera Mole from A to B, fig. 109.

Fie. 109. — Plan of Portion of Galliera Mole showing extent of damage,
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adioining sections. One characteristic feature of the damage was the dis-
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ruption effected by the air compressed within and below the masonry, which 

caused the latter to be projected upwards as if by explosion.

Several of the artificial blocks, laid as headers in the upper course, were
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displaced in a manner which deserves attention. They were found leaning 

against adjoining blocks, as if they had been acted upon simultaneously by 
two forces, one vertical and the other lateral.

Throughout the undamaged section of mole, the protection blocks were 
set back about a yard. One bollard, struck by a portion of falling shelter 
wall, was sheared flush with the quay level. Several blocks of concrete, each 
weighing about 40 tons and having a volume of over 600 cubic feet, were 
driven a distance of 165 feet. This movement, of course, could not have 

been accomplished by any single stroke, but must have been the cumu­
lative effect of repeated blows.

Stolen ai Bilbao.—Equally remarkable is the account of the damage 

wrought by a storm on the last day of the year 1894 at the port of 
Bilbao.

On that evening the action of the waves became so violent that the whole 
mass of protecting blocks covering the breakwater was completely carried 
away. These blocks had each a volume of 39| cubic yards and a weight of 
over 60 tons ; they had been laid with the greatest care in contact with one 
another, forming an apron to the superstructure 26 feet by 16 feet, and 
consisting of two rows in width and depth alike. The toe of the super­
structure being then unprotected, the latter work was soon undermined and 
demolished. The most striking feat of the storm, however, was the removal 
of a large monolithic mass of 1046 cubic yards volume and 1700 tons weight 
placed at the extremity of the breakwater: it was carried a distance of 105 
feet into the interior of the harbour.

These instances suffice to exbibit the vagaries which attend a demonstra­
tion of wave power by nature in her more violent moods. We pass on now 
to an application of these facts to breakwater design.

Classification of Breakwaters.—Practically all breakwaters fall 
within the limits of two types, the respective characteristics of which are

(1) the heap, or mound, and
(2) the wall.
The former of these is a heterogeneous assemblage of natural rubble, or 

undressed stone, in pieces of varying size, supplemented in many cases by 
artificial blocks of bulk larger than can be conveniently quarried in the 
natural State, the whole being deposited pell-mell, without any regard to bond 
or bedding.

The latter involves in whole, or mainly, the construction, in a regular and 

systematic manner, of a masonry or concrete wall, with vertical, or nearly 

vertical, faces.
Subsidiary classes form a series of gradations between these two distinctive 

types, so that strict lines of demarcation are not always easy to draw. The 

combination of wall and mound in varying proportions constitutes indeed, by 
far, the bulk of instances in modern practice. Sometimes the mound pre- 
dominates and is simply capped by a slight superstructure of regular 
masonry, as at Algiers and Oran; in other cases, it is reduced to a minimum,
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Fie. 113. —View of Genoa Breakwater after Storm of 1898. [To face p. 132.
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becoming a mere foundation layer for a wall of massive and substantial 

proportions, such as is exemplified at Ymniden and Zeebrugge;

The advantages and disadvantages attaching to each of the two principal

l .w .o .s  t .
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Fro. 114. —Section of Battery Pier, Douglas, I.O.M. 

types may be considered under the heads of (1) Cost of Construction, (2) 

Cost of Maintenance, and (3) Efficiency.

Cost Of Construction.—As regards the first point, much, of course, 

dépends upon the locality of the breakwater and its coastal environment.

Where stone is plentiful and quarries lie conveniently adjacent to the 

site, the rubble mound will commend itself on account of the facility with 

which it can be formed, and the comparative economy resulting from the use 

of undressed stone, with its attendant unskilled labour. Such was the case 

at Portland, where there was not only an abundance of stone, but also a 

practically unlimited supply of convict labour.

In the absence, however, of these essential conditions, and provided the 

depth of water be not great and the foundation be sufficiently firm, the wall, 

involving, as it does, a much less quantity of material, will be found preferable. 

Especially will this be the case where skilled labour happens to be plentiful 

and cheap. Even the difficulty of a defective foundation may be overcome 

by one or other of several expedients without perceptibly altering the relative 

positions. But where the sea bottom lies at a great depth, the superior 

economy of the pure wall cannot be maintained.

Taking (merely for comparative purposes) the cost of rubble stone at the 

quarry at say eighteen pence per ton, and allowing 1J to 1J tons to the cubic 

yard of stone, in situ (after deducting 20 to 30 per cent, for interstices), the 

total cost of obtaining and depositing a rubble mound under favourable 

conditions may be stated at from 3s. to 3s. 6d. per cubic yard of volume.1 

This, of course, applies to natural rubble deposited at random in the body of,

1 The cost of the rubble mound at Holyhead ranged from 2s. 3d. to 2s. 7d. per ton, 
deposited in place. The cost of quarrying was 9d. per ton.

At Sandy Bay, U.S.A., Is. 9d. per ton was paid for ordinary rubble deposited in situ ; 
larger blocks, averaging 5 tons, were rated at 4s. lød.
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a n d  f o r m i n g  t h e  b u l k  o f , e h e  b r e a k w a t e r . D a r g e r  a n d  s p e c i a l  m a t e r i a l  f o r  

p r o t e c t i n g  t h e  s u r f a c e  s l o p e s  w i l l  r u n  t o  - 6 s .  a n d  7 s .  p e r  c u b i c  y a r d . P o s s i b l y  

4 s .  o r  5 s .  p e r  c u b i c  y a r d  m i g h t  b e  t a k e n  a s  a n  a v e r a g e  a l l - r o u n d  c o s t  f o r  t h e  

w h o l e .

F o r  d r e s s e d  m a s o n r y  o r  c o n c r e t e  w o r k ,  e i t h e r  i n  t h e  f o r m  o f  b l o c k s  o r  i n  

b u l k ,  s e t  m a i n l y  b e l o w  t h e  w a t e r  l e v e l ,  i t  i s  d i f f i c u l t  t o  a s s e s s  a  r a t e  w i t h o u t  

a  f u l l  k n o w l e d g e  o f  t h e  c i r c u m s t a n c e s  a n d  r e s o u r c e s  a t  d i s p o s a i  ; y e t  i t  w o u l d  

b e  u n j u s t i f i a b l e  t o  i m a g i n e  t h e  w o r k  a s  c a p a b l e  o f  b e i n g  c a r r i e d  o u t  a t  a  l o w e r  

r a t e  t h a n  2 s .  a  c u b i c  f o o t , a n d  i t  m i g h t  e a s i l y  a t t a i n  a  v e r y  m u c h  h i g h e r  

f i g u r e . 1 E v e n  t h i s  m i n i m u m  r a t e  i s  f r o m  e l e v e n  t o  t h i r t e e n  t i m e s  t h a t  o f  

r u b b l e  w o r k ,  s o  t h a t ,  ceteris paribus, t h e  b u l k  o f  t h e  m o u n d  w o u l d  h a v e  t o  

e x c e e d  t h e  b u l k  o f  t h e  w a l l  i n  s o m e t h i n g  l i k e  t h e  s a m e  r a t i o  b e f o r e  i t  c e a s e d  

t o  b e  t h e  m o r e  e c o n o m i c a l  m e t h o d .

T h e  c o s t  o f  c o m p o s i t e  b r e a k w a t e r s  c o m b i n i n g  a  f o u n d a t i o n  m o u n d  w i t h  a n  

u p p e r  w a l l  w i l l ,  o f  c o u r s e , l i e  b e t w e e n  b o t h  e x t r e m e s ,  a n d  p r o b a b l y ,  i n  t h e  

m a j o r i t y  o f  c a s e s ,  i t  w i l l  p r o v e  t o  b e  r a t h e r  m o r e  t h a n  h a l f  t h e  c o s t  o f  a n  

e q u i v a l e n t  u p r i g h t  w a l l .

A c t u a l  e x a m p l e s  a f f o r d i n g  a n y  d e g r e e  o f  s e r v i c e a b l e  c o m p a r i s o n  a r e  d i f f i c u l t  

t o  q u o t e ,  a s  s o  m u c h  d e p e n d s  u p o n  t h e  p a r t i c u l a r  c i r c u m s t a n c e s  a n d  c o n ­

d i t i o n s  o f  e a c h  c a s e . I t  w o u l d ,  i n  f a c t ,  b e  n e c e s s a r y  t o  g o  v e r y  m i n u t e l y  i n t o  

d e t a i l  i n  o r d e r  t o  e s t i m a t e  t h e  r e l a t i v e  v a l u e  o f  e a c h  v a r i a t i o n  f r o m  i t s  f u n d a ­

m e n t a l  t y p e ,  a n d ,  a p a r t  f r o m  t h i s ,  n o  e f f e c t i v e  c o m p a r i s o n  c o u l d  b e  m a d e .  

A l l  t h a t  c a n  b e  s a i d  i s  t h a t  b r e a k w a t e r s  h a v e  c o s t  a n y t h i n g  f r o m  £ 5 0  t o  £ 4 0 0  

p e r  l i n e a l  f o o t . T h e  l o w e r  l i m i t  a p p e r t a i n s  t o  m i n o r  s t r u c t u r e s  o n l y . A m o n g  

t h o s e  o f  g r e a t e r  i m p o r t a n c e  m a y  b e  c i t e d  t h e  f o l l o w i n g . P o r t l a n d  b r e a k w a t e r  

c o s t  a p p r o x i m a t e l y  £ 1 3 0  p e r  f o o t  r u n ;  H o l y h e a d , £ 1 6 0 ; C o l o m b o ,  £ 1 7 0 ;  

A l d e r n e y , £ 2 3 5 ;  P l y m o u t h ,  £ 3 0 0 ;  P e t e r h e a d ,  £ 3 0 0 2 ;  a n d  D o v e r , ’  £ 3 7 0 . 2  

O t h e r  i n s t a n c e s  w i l l  b e  f o u n d  i n  c o n n e c t i o n  w i t h  t h e i r  d e t a i l e d  d e s c r i p t i o n s .

C o s t  o f  M a i n t e n a n c e . — A  c o m p a r i s o n  o f  t h e  e x p e n d i t u r e  u p o n  u p k e e p  

o f  t h e  w a l l  a n d  t h e  m o u n d  a d m i t s  o f  o n l y  o n e  c o n c l u s i o n .

T h e  w a l l ,  p r o v i d e d  i t  b e  c a r e f u l l y  a n d  p r o p e r l y  c o n s t r u c t e d  i n  t h e  f i r s t  

i n s t a n c e , c a l l s  f o r  n o  f u r t h e r  a t t e n t i o n  s a v e  f o r  s u c h  r a r e  a n d  o c c a s i o n a l  

d a m a g e  a s  r e s u l t s  f r o m  s o m e  s t o r m  o f  e x c e p t i o n a l  s e v e r i t y .

I h e  m o u n d ,  o n  t h e  o t h e r  h å n d ,  i s  p e c u l i a r l y  s u s c e p t i b l e  t o  t h e  c o n s t a n t  

f r e t t i n g  a n d  a t t r i t i o n a l  a c t i o n  o f  w a v e s . C o n c u s s i o n  a n d  b a c k - d r a u g h t ,  o r  

s u c t i o n , c o n s t i t u t e  t w o  a l t e r n a t i n g  f o r c e s  c o n t i n u o u s l y  a n d  i n c e s s a n t l y  a t  

w o r k ,  e v e n  i n  t i m e s  o f  m o d e r a t e  a n d  c a l m  w e a t h e r . R o u g h  r u b b l e  i s  s m o o t h e d  

a n d  r o u n d e d  b y  r e p e a t e d  m o v e m e n t ,  u n t i l  i t  i s  e a s i l y  s u c k e d  o u t  o f  p o s i t i o n  

a n d  r o l l e d  a w a y . T h e  s u r f a c e  s l o p e s  t h u s  b e c o m e  g r a d u a l l y  l e s s  s t e e p ,  w h i l e  

t h e  f l a t t e n i n g  c o r r e s p o n d i n g l y  i n e r e a s e s  t h e  p o w e r  o f  t h e  w a v e s ,  c o n v e r t i n g  

t h e m  m o r e  a n d  m o r e  f r o m  t h e . o s c i l l a t o r y  i n t o  t h e  t r a n s l a t o r y  v a r i e t y . T h e

1  P a i  t i e u l a r s  o f  a s h l a r  w o r k  a t  H o l y h e a d  b r e a k w a t e r  : R u n c o r n  s a n d s t o n e  b e l o w  z é r o  

2 s .  I l d .  p e r  c u b i c  f o o t . A n g l e s e a  l i m e s t o n e  b e l o w  z é r o ,  3 s .  5 ’ d .  p e r  c u b i c  f o o t . R u n c o r n  

l i m o s t o n e  a b o v e  z e r o ,  i s .  9 d .  p e r  c u b i c  f o o t . A n g l e s e a  l i m e s t o n e  a b o v e  z e r o  2 s  3 ' d  n e r  

c u b i c  f o o t . ’ ■ -  • 1

2  I n c o m p l è t e  ;  e s t i m a t e s  o n l y .
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ultimate dispersai of a rubble mound left entirely to itself is only a matter of 

time. The preservation of a mound breakwater necessitates, therefore, a 

constant repleuishment of material.1

The pitching of seaward slopes with ashlar work, or with massive concrète 

blocks, goes far to neutralise the destructive action; but the protection 

afforded is not always complète, and in cases where it has proved effectuai, 

the result has only been attained by a much greater outlay than could 

justifiably be assigued to the formation of a simple rubble mound.

Efficiency.—The efficiency of a type is, after all, the consideration of 

greatest importance. Cheap construction and maintenance, though points to 

be carefully weighed, must inevitably be subservient to the attainment of the 

object in view.

The wall, rising up sheer from a sea bottom below the zone of disturbance 

with its exposed face vertical, or practically so, receives the wave before any 

conversion of oscillation into translation can take place. The wave is de- 

flected upwards, and it falls back and down upon a bed of water too deep to 

permit of any deleterious influence upon the foundation.

On the rubble mound, with face slopes of 1, 2, 3, 4, and 5 to 1, the stroke 

of the converted wave is delivered with powerful and inimical effect not 

only as regards the breakwater structure, but also the area which it incloses. 

The mass of water rushing up the seaward slope eventually falls over the 

crest, beating down upon the inner face and tending to effect a breach which 

must ultimately lead to serious results. Furthermore, even if the wave do 

not surmount the crest of the mound, the undulations of the sea are trans- 

mitted through the interstices of the stone mass and the harbourage area is 

kept more or less in a state of agitation. This action will be the more 

evident «s the stones or blocks are of greater size, involving vacuities of 

corresponding magnitude. Amid large-sized artificial blocks deposited irregu- 

larly, the voids will amount to at least 25 or 30 per cent, of the whole; and 

as these blocks are employed to crown the majority of mound breakwaters, 

the protective value of the type falls considerably below that of a wall.-

In order that a composite breakwater may possess the efficiency of the 

wall, it is necessary that its superstructure should commence at a depth of at 

least 5 fathoms, otherwise the back-draught of the waves will exercise an 

undermining influence upon the rubble foundation. lhe peculiar drawback 

attaching to this class of breakwaters is that due to irregular settlement, 

whereby the superimposed wall is liable to be cracked and fissured. This 

point will receive further notice in the next chapter.

From the foregoing remarks, it will be seen that no absolute preference

1 There is, as niight be expected, considérable variation in cost at different localities. 
The maintenance of the mound at Holyhead is stated to be Is. 3d. per linear foot per annum ; 
at Genoa it is 7s. ; at Naples 13s. ; while, during a certain period, the Alderney breakwater 
involved an expenditure of from 25s. to 45s. This, however, was quite an abnormal 
experience. The renewal of large artificial blocks on the seaward slope of Cette forms an 

annual charge of 29s. per foot run. H .
2 At Marseiiles it has been found that external waves 3 feet high give rise to fluctua­

tions of from 4 to 6 inches witliin the area sheltered by the breakwatei.
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can be attached to any specific type of breakwater for general adoption. 

Questions of cost and maintenance, the degree of efficiency desired, the nature 

of the sea bottom, and the extent of exposure—these are all matters which 

have to be individually weighed before any definite decision can be arrived at. 

At the present time, there are breakwaters, either in course of construction 

or recently completed, of the pure wall type at Dover and Tynemouth, of 

the pure mound type at Brest and Marseilles, and of the composite type at 

Zeebrugge, Bilbao, and Peterhead.

We now enter upon a discussion of the conditions affecting the stability of 

breakwaters.

The Stability of Mounds.—It has already been pointed out that 

mounds are lacking in the quality of permanence. This applies more par- 

ticularly to their upper portions which are under the constant influence of 

hydrodynamic action. The equilibrium of the lower portion is simply a 

question of quiescent hydrostatic pressure. Wave influence does not extend 

to an indefinite depth. Below the level at which its effeets are felt, it has 

been found that rubble mounds will stand at slopes of 45 or 50 degrees.

The limiting depth of wave influence, however, is a matter of some un- 

certainty. It has generally been assumed, until recently, that a depth of 

30 feet below the surface level marks the extreme boundary of the zone of 

appréciable disturbance; but there are on record instances of serious wave 

action at greater depths. Thus at Peterhead Harbour, in October 1898, 

blocks weighing upwards of 41 tons each were displaced by waves at a depth 

of 36^ feet below low water of ordinary spring tides. Instances of this nature, 

however, are very rare, and in the majority of cases the standard limit may 

still be counted upon as generally reliable.

The disturbing influence of waves is most keenly felt between the levels 

of high and low water, and it is in this region that the most trying ordeals 

of a breakwater are experienced. A difficulty underlying the situation is that 

in proportion as the slope is flattened to maintain its equilibrium, the dis- 

ruptive effort of the wave is fostered and increased. Hence the introduction 

of huge blocks and monoliths to withstand impact. These blocks, which 

rarely weigh less than 25 or 30 tons a-piece, and often considerably more, may 

be deposited either in courses or at random. In the former case, they may 

be stepped so as to form a general inclination of 1 to 1 ; but if deposited at 

random, a flatter slope will be necessary.

The blocks, when artificial, are generally made in the form of rectangular 

solids: parallelopipeds in preference to cubes; and they should be laid as 

headers—that is, with their ends facing the line of wave action. In this way 

the minimum face area is exposed to the stroke, and there is the maximum 

resistance to overturning.

Natural blocks are heavier per unit volume than the majority of artificial 

blocks, and, for this reason, have clairns to preference. They are also less 

liable to disintegration, but they are difficult to procure economically to large 

dimensions, and their irregular shapes render it impossible to bed them
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systematically. They have a tendency, also, towards becoming rounded like 

boulders, and this does not improve their steadiness in situ.

Mounds are most commonly formed in assorted layers, with the smaller 

material at the base and the largest at the top and on the flanks. Apart 

from the additional expense involved in selecting the material and of laying 

it in proper order, there is this further consideration, that such mounds are 

less compact and less solid than mounds which are formed by an indiscriminate

Section of San Vincenzo Mole-

Section of San Vincenzo Mole Extension.

q 10 20 30 40 50 60 70 BO 9p IÇ0 

Scale of feet.

Fig . 115. —Sections of Breakwater at Naples.

deposit of varied material, in which the smaller fragments occupy the inter­

stices in the larger. On the other hand, a greater quantity of rubble is 

required for these cases.

Stresses in Wall Breakwaters.—We next turn our attention to the 

magnitude and extent of the disruptive forces acting upon upright walls so 

far as the stresses to which they give rise are measurable in numerical terms.

Considered as a structure exposed to the effects of wave action, a wall 

breakwater may fail partly, or wholly, in one or other of the following ways : —

(1) By the shearing of some bed-joint, or by the sliding of one component 

block upon another ;

(2) By overturning as a solid mass in sections of variable size ;
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(3) By the uplifting and dislocation of a horizontal course, or layer ; and

(4) By fracture and shattering.

Assuming, for the sake of convenience and simplicity, that we are dealing 

with a single block or monolith of assigned dimensions, we may express the 

value of the adhesiveness of the bed-joint or base in its resistance to shear as 

from 3 to 5 tons per square foot if the cementing material be hydraulic mortar 

of good quality, and from 6 to 9 tons per square foot if Portland cement 

mortar, further assuming that, in each case, the proportion of sand to the 

matrix does not rise above 3 to 1.

Accordingly, the condition for equilibrium is that the horizontal com- 

ponent of wave pressure measured in tons shall not exceed the area of the 

bed-joint in square feet multiplied by some coefficient ranging from 5 to 9 

in accordance with the nature of the cementing material of the joint.

This is in regard to shearing action. If the joint be already fractured, 

or if the adhesiveness be neglected, then resistance to movement can only be 

forthcoming through the agency of friction. The coefficient of friction has 

already been stated at '7 (vide p. 126) for smooth concrete blocks, and a value 

of ’65 to '7 will hold for all surfaces of masonry and brickwork in contact. 

For stone on rock the same value will suffice, but for brick or stone on moist, 

unctuous clay, the coefficient must be reduced as low as '3. If the weight of 

a given block be W, then something like 7 W is the force required to move it 

over a masonry or rocky surface, and from -3W to -5W over an earthen one.

A distinction must, however, be made as regards the weight of the block, 

whether it be submerged entirely, partially, or not at all. Substances 

immersed in water lose a part of their weight équivalent to the weight of the 

volume of water which they displace. Consequently, the effective weight of 

a completely immersed block is less than its weight in air by the weight of 

an equal volume of water, which, in the case of sea-water, it is customary to 

estimate at the rate of 64 Ibs. per cubic foot.

The fact may be expressed in another form by stating that the weight of 

the block is equal to (d - 1) times the weight of an equal volume of water, d 

being the density of the block compared with that of water as unity. This 

relationship has an important bearing on our next considération.

Parenthetically, it may be pointed out that sliding action is very materially 

assisted by small smooth stones and pebbles more or less spherical in shape, 

which not infrequently intrude themselves between the detached blocks 

protecting the outer slopes of certain breakwaters.

The resistance of breakwaters or their component parts to overturning 

arises from their (effective) weight and from the tensional streugth of the 

joints. This latter source should, however, not be counted upon. Beyond 

affording some slight additional margin of security, its assistance is so slight 

as to be negligible, especially when compared with the inertia of the mass.

The overturning1 effort is due to the horizontal pressure of the wave, 

which exerts a moment about any point of the base measurable as Fæ, where 

a: is the height above the base at which the effect of impact is assumed to be



B R E A K W A T E R  D E S I G N . 1 3 9

c o n c e n t r a t e d  a n d  F  i s  t h e  f o r c e  o f  im p a c t  i n  s t a t ic a l  u n i t s  o f  p r e s s u r e . I f  t h e  

b lo c k  b e  s m a l l , a n d  i f  i t s  e n t i r e  v e r t ic a l s u r f a c e  e n c o u n te r  t h e  f u l l s t r o k e  o f  

t h e w a v e , i t i s n o t u n ju s t i f i a b l e  t o  a s s u m e t h a t t h e v a lu e o f x i s  —  o r  

t h e  s e m i - h e ig h t o f t h e  b lo c k . I t i s , o f c o u r s e , a  m a t te r  o f c o n je c tu r e , b u t  

e v id e n t ly  i t r e p r e s e n ts  t h e  e x t r e m e  c o n d i t io n  o f t h in g s  i n  a n  u n f a v o u r a b l e  

s e n s e , a n d  t h e r e f o r e  i s  a  r e l i a b l e  b a s is  o f  c a l c u l a t i o n .

B u t  o v e r  s u r f a c e s  o f  c o n s id e r a b le  e x t e n t  t h e  h y p o th e s i s  o f  u n i f o r m  i n te n s i t y  

o f p r e s s u r e  i s  n o t s t r i c t l y  t e n a b l e , a n d  i n d e e d , i n  c e r t a in  c a s e s , i s v e r y  f a r  

f r o m  r e p r e s e n t in g  t h e  a c tu a l  e f f e c t  o f  w a v e  im p a c t . T h e  é q u iv a l e n t p r e s s u r e s  

a t  v a r io u s  p o in t s  o f  a n  e x t e n s iv e  s u r f a c e  a r e  e q u a l ly  v a r i a b l e . T h e  m a x im u m  

o c c u r s  a p p r o x im a te ly  a t  m e a n  w a te r  l e v e l , a n d  t h e  f o r c e  d e c r e a s e s a b o v e  a n d  

b e lo w  t h i s  p o in t , p r o b a b ly  i n  t h e  r a t io  c o r r e s p o n d in g  t o  o r d in a te s  o f a  p a r a -  

b o l i c  c u r v e .

N o w , t h e  s t a b i l i t y  o f  a  b lo c k  i s  a  f u n c t i o n  o f  (d—  1 ) t im e s  t h e  v o lu m e , f o r  

t h e  m o m e n t  o f  r e s is t a n c e  t o  o v e r tu r n in g  i s  t h e  p r o d u c t  o f t h e  e f f e c t i v e  w e ig h t  

i n to  a  m o ie ty  o f  t h e  w id th  o f  t h e  b a s e . F o r  c r i t i c a l  e q u i l ib r i u m ,  t h e r e f o r e , w e  

h a v e  :—

F æ = w A .

I f , t h e n , W  v a r ie s  a s  (d - 1 )  V , i t  i s  n o te w o r th y  t h a t  a n y  i n c r e a s e  i n  d i n ­

v o lv e s  a  m u c h  g r e a t e r  i n c r e a s e  i n  W . T h u s ,  i f  d b e  i n c r e a s e d ,  s a y ,  f r o m  2  t o  3 ,  

t h e  v a lu e  o f  W  i s  i n c r e a s e d  f r o m  V  t o  2 V ,  a n  i n c r e m e n t ,  i n  t h e  o n e  c a s e ,  o f  5 0  

p e r  c e n t . , a n d  i n  t h e  o th e r  o f  1 0 0  p e r  c e n t . H e n c e  t h e  g r e a t  im p o r t a n c e  t o  b e  

a t ta c h e d  t o  t h e  u s e , f o r  s e a  w o r k , o f  m a te r i a l s  h a v in g  a  h ig h  s p e c if i c  g r a v i ty .

A l th o u g h  t h e  i n f l u e n c e  o f  t h e  b e d - jo in t , i n  s o  f a r  a s  i t a f f o r d s  t e n s io n a l  

r e s i s ta n c e  t o  t h e  o v e r tu r n in g  a c t i o n , i s w is e ly  n e g le c t e d , o n  t h e  o th e r h a n d ,  

i t  i s  n o t  s a f e  o r  d e s i r a b l e  t o  i g n o r e  t h e  e f f e c t  o f  t h e  c o r r e s p o n d in g  c o m p r e s s io n  

u p o n  t h e  i n n e r  e d g e  o r  l i n e  a b o u t  w h ic h  o v e r tu r n in g  m a y  t a k e  p la c e .

T h e  r e s u l t a n t  o f  t h e  o v e r tu r n in g  f o r c e  a n d  t h e  g r a v i ta t io n  o f  t h e  w a l l w i l l  

o f t e n  p r o d u c e  a  v e r y  p o w e r f u l a n d  c o n c e n t r a te d  p r e s s u r e  u p o n  a  s m a l l a r e a  

o f t h e  b e d - jo in t , w h ic h  m a y  b e  b e y o n d  i t s  c a p a c i t y  t o  r e s is t . T h u s , i f t h e  

l i n e  o f  a c t i o n  o f  t h e  r e s u l t a n t  f a l l  u p o n  o n e  o r  o th e r  o f  t h e  tw o  p o in t s w h ic h  

t r i s e c t  t h e  b a s e , t h e  i n t e n s i ty  o f  p r e s s u r e  o n  t h e  e d g e  n e a r e r  t h e  p o in t  i s  tw ic e  

a s  g r e a t  a s  t h e  m e a n  o f  t h e  p r e s s u r e  o v e r  t h e  w h o le  a r e a , a n d  f o r  a n y  f u r th e r  

e c c e n t r i c i ty  o f t h e  r e s u l t a n t , t h e  r a t io  i s g r e a t ly  m a g n i f i e d . T h e  f o l l o w in g  

e x p r e s s io n  s e r v e s t o  c o n v e y  a  v a lu e  f o r t h e  i n te n s i t y  o f p r e s s u r e ,  p, o n  t h e  

n e a r e r  e d g e  i n  t e r m s  o f t h e  e c c e n t r ic i t y  ( z ) , t h e  l e n g th  ( Z ) o f t h e  b a s e - l in e ,  

a n d  t h e  m e a n  p r e s s u r e  ( a )  :—

G a z  *  
p=a+_.

T h e  m a x im u m  v a lu e  o f  p c o n s is t e n t  w i th  s a f e ty  i s  a b o u t  1 0  t o  1 2  t o n s  p e r  

s q u a r e  f o o t  o n  P o r t la n d  c e m e n t c o n c r e t e , 8  t o  1 0  t o n s  o n  h a r d  r o c k , 4  t o  5  

t o n s  o n  r u b b l e  m a s o n r y , a n d  f r o m  2  t o  3  t o n s  o n  g r a v e l , s a n d , o r  c l a y .

*  S e e  Dock Engineering, p . 1 7 6 .
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Uplifting ’ is an action which takes place through the application of wave 

force to the underside of a mass. Obviously the dead (effective) weight of the 

mass is the resisting element, and the problem is a simple case of the equi- 

librium of two opposing forces, each of which has already been defined and 

described.

The fracture, or shattering, of a homogeneous block rarely results from 

the direct impact of the wave. When it does take place, it is probably 

caused by a prior dislocation, resulting in collision with other parts of the 

structure. The fracture of joints has been considered under the heading 

of resistance to shear. Blocks may also be fractured by unequal subsidence 

in the wall. This possibility applies more particularly to composite break- 

waters, where the rubble foundation mound is subject to irregular settlement. 

The results can only be guarded against by avoiding the use of bond in the 

building of the wall, or by the adoption of what is termed “ sloping ” bond, as 

exemplified at Kurrachee and Colombo (p. 169).

Milan Conference; Report on Breakwaters. — The subject of 

Breakwater Design formed one of the topics of discussion at the International 

Maritime Congress of 1905. Papers, some of which have already been noticed, 

were presented by eminent engineers of various countries, and a general 

report was submitted to the Congress. This report was drawn up by 

Professor lo Gatto, and a transcript of his conclusions cannot fail to be of 

interest. They were as follows:—

“ Breakwaters built of rubble, although expensive in upkeep, are suitable 

for very sheltered sites in shallow water, provided good and cheap material is 

procurable. This type is not affected by the muddy or soft nature of the sea 

bottom.

“ When the structure is exposed to very heavy seas, the rubble type of 

mole can still be adopted, under the conditions mentioned above, provided a 

revetment of concrete blocks is added outside down to a certain depth. The 

method of depositing these blocks at random appears the best as regards 

resistance and maintenance, on condition that the profile of the protected slope 

is so designed that it will shear the waves at sea-level. On the other hand, 

the method of setting the blocks in regular courses offers serious objections, as 

they are liable to be disturbed by the settlement of the rubble base and to be 

completely destroyed during gales, and, in any case, they cannot be maintained 

in good condition without abandoning the principle of the system itself.

“ Breakwaters with a rubble hearting and a double revetment of protecting 

blocks, laid in regular courses, are not at all reliable in very heavy seas, but 

they can render very useful service in sheltered sites and in waters of moderate 

depth, especially if the works are not of very great importance.

“ Breakwaters with vertical, or almost vertical sides, are very suitable for 

moderate depths and hard sea-beds, where there is no fear of the undermining 

effect of the backwash and currents. They are very expensive and conse- 

quently inapplicable to unimportant works.

“ The composite type of breakwater, consisting of a base formed by a loose
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rubble mound, surmounted by a vertical superstructure, is peculiarly suitable 

for tidal seas and for seas with a slight tidal rise and fall, provided the water 

in that case be very deep. In the case of tidal seas, there is no objection to 

stopping the superstructure at low water level.

“ The type of construction in which the superstructure is made entirely of 

blocks laid in regular courses, can be adopted for seas which have but a slight 

tidal rise and fall, provided the site be sheltered. This type is not sufficiently 

reliable for heavy seas, and in some cases the system of large monolithic 

caissons can be adopted instead with advantage, on condition that the width 

of the blocks be suitably proportioned to their length, that the loose rubble 

of the hearting is perfectly compact, and that the very dangerous effects of 

the backwash at the seaward base of the blocks, which are produced by the 

impact of the waves, be counteracted by using exceptionally good material 

for the upper part of the apron or outside road on the sea face, or by loading 

and preserving this apron by means of protective blocks deposited at the base 

of the caissons.”

The recommendations of this report formed the subject of some discussion 

and not a little adverse criticism on the part of the Congress in regard to 

several of the opinions therein expressed. It was evident that unanimity 

could not be attained, and finally, the Congress limited the expression of its 

views to the following resolution :—

“ The Congress refers to the information furnished by the written reports 

and oral observations; it considers that engineers will find there information 

of great value for the construction of breakwaters, especially in regard to the 

force of waves, but, by reason of the great diversity of cases, it does not think 

that it should formulate any absolute conclusions.”

With this summation of the special ad vantages and disadvantages attaching 

to thè varions types of breakwater exemplified at the present day, we bring 

our remarks on breakwater design to a close, simply adding some detailed 

reference to a few selected cases, chosen in illustration of the principles laid 

down in the preceding pages.

Breakwaters at Marseiiles.—The main undertaking, begun in 1845, 

has a length, at the present time, of 4530 yards, including an extension of 600 

yards completed in 1904. The same principle of construction has been main- 

tained throughout a period of sixty years with unvarying success.

A section of the breakwater is exhibited in fig. 116. The core is a bed of 

small rubble, having a depth or thickness of 10 feet, and lying upon the sea 

bottom at a depth of 55 feet below low water level. It is overlaid by layers 

of natural stone of increasing dimensions, ranging from 2 cwts. to nearly 4 

tons a-piece. The quay shelter wall is a masonry structure founded upon the 

topmost layer of blocks.

The exterior slope is 4 to 3 for its lower portion, extending from the 

foundation to low water level. At this point it flattens abruptly to nearly 

3 to 1. The effect of this sudden transition is to create a sharp ridge at the 

water-line, with the result that the waves are cut at the point where thei
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action is most potent. The upper part of a wave, therefore, falls dead upon 

the flat slope above, or, at the worst, upon the masonry apron in front of the 

shelter wall, in neither case capable of producing any deleterious results.

0 10 20 30 40 50 60 70 00 90 100 200
L _J__L _J _J _J _«1 _J __L __1__J ______ _____________________________________ i

Scale oF Feet.

Fig . 116. —Section of Grand Jetée, Marseiiles.

The parapet thus receives no appreciable shock, and spray alone passes, at 

times, over its crest to fall upon the interior quay.

The blocks, forming the flattened slope referred to, are huge monoliths, 

rectangular in shape, with a length twice as great as their width, having a 

volume of 500 cubic feet and a weight of about 33 tons a-piece. They are

0 10 20 30 40 50 60 70 60 30 100 300
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Fig . 117. -Section of Breakwater Extension, Grand Jetée, Marseiiles.

A. Rubble stone up to 2 cwts. a-piece.
B. Natural blocks from 2 to 25 cwts. a-piece.
C. ,, 25 to 75
D. „ over 75 ,,
E. Artificial blocks of 33 tons.

deposited so as to lie longitudinally in the direction of the onset of the waves.

The external profile of the breakwater has proved to be extremely stable 

and is kept up at a very trifling expense in the way of repairs. For a length 

of 1200 yards, constructed prior to 1865, the annual cost of maintenance is
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ju s t u n d e r I s . 9 d . p e r l in e a l y a r d  p e r a n n u m . T h e r e m a in in g  a n d la te r  

p o r t io n  o f th e b r e a k w a te r c o s ts p r a c tic a lly  n o th in g  f o r u p k e e p .

A p a r t f r o m  th e  p a r a p e t w a l l a n d  th e  q u a y , th e  c o s t o f th e b r e a k w a te r  

i s s ta te d b y B a ro n Q u in e tte d e R o c h e m o n t 1 to h a v e b e e n a s f o l lo w s ,  

a c c o r d in g  to  th e  d e p th s o f w a te r in  w h ic h  i t w a s f o u n d e d  :—

I n  d e p th s  o f  3 3  f e e t , £ 3 9 , 1 3 s . p e r  f o o t r u n .

„  6 5 „  7 1 , 1 6 s .

„  1 0 0 „  1 1 8 , 4 s .

A c c o rd in g  to  M . d e  J o ly , 2 h o w e v e r , th e  c o s t o f th e  o r ig in a l b r e a k w a te r ,  

in c lu d in g  th e  p a r a p e t a n d  q u a y  w a ll in  a  d e p th  o f 6 0  f e e t , w a s £ 1 2 7 p e r  

l in e a r f o o t , a  f ig u r e w h ic h  i s e v id e n t ly  s o m e w h a t in  e x c e s s o f th o s e  q u o te d  

a b o v e , e v e n  w h e n  a l lo w a n c e  i s  m a d e  f o r th e  a d d i t io n a l w o r k  c o v e r e d . M . d e  

J o ly ’s c o s t f o r th e e x te n s io n , h o w e v e r , i s in a c c o r d a n c e w ith B a r o n d e  

R o c h e m o n t ’s  f ig u r e  f o r  th e  s a m e  d e p th , v iz .: 1 0 0  f e e t .
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F r o . 1 1 8 .  — D ig u e  d e  la  J o l ie tte , M a r s e i l le s .

A . R u b b le  d e p o s i te d  a f te r  c o n s t r u c t io n  o f  q u a y  w a l l .

B . S to n e s  f r o m  2  to  2 5  c w ts . a - p ie c e .

C . B lo c k s  a b o v e 2 5  , ,

O f  i t s  c la s s , th e  Grande Jetée i s  a n  e f f ic ie n t e x a m p le . O n ly  o n e  o b je c t io n  

c a n  b e  la id  a g a iu s t th e  d e s ig n , a n d  th a t i s th e  n a r ro w n e s s o f th e  u p p e r m o s t  

o u te r  s lo p e  f la n k in g  th e  m a s o n r y  a p r o n . T h e  e x is tin g  w id th  o f  2 7  f e e t s e e m s  

to  b e  in s u f f ic ie n t to  p r e v e n t th e  p r o te c t io n  b lo c k s f r o m  b e in g  o c c a s io n a l ly  

r o l le d  o f f  b y  th e  w a v e s  in to  d e e p  w a te r .

S e t tle m e n ts  in  th e  m a s s  o f th e  b r e a k w a te r , th o u g h  th e y  h a v e  b e e n  b y  n o  

m e a n s in c o n s id e ra b le in  th e m s e lv e s , a p p e a r n o t to  h a v e  g iv e n  r i s e  to  a n y  

s e r io u s d is lo c a t io n  o f th e  p a r a p e t w a l l. I n d e e d , i t i s s a id  th a t i t i s o n ly  

p o s s ib le  to  o b s e rv e , o n s e ru t in y , a  f e w  v e r t ic a l c r a c k s h e r e  a n d  th e r e , w ith  

w id th s  o f  m e r e  f r a c t io n s  o f a n  in c h . T h e  s h e l te r  w a l l a n d  i ts  a p r o n  a r e n o t  

b o n d e d  to g e th e r  : th e y  a r e  s im p ly  in  c o n t ig u i ty . S e p a r a tio n  w a s in e v i ta b le ,  

s in c e  th e y  r e s t u p o n  d is tin c t ly  d if f e r e n t f o u n d a t io n s , th e  w a ll u p o n  m a te r ia l  

o f  s m a lle r  s iz e  a n d  g r e a te r  c o m p a c tn e s s  th a n  th e  a p r o n .

T h e  Joliette Digue ( f ig . 1 1 8 ) , c o n s t r u c te d  in  a b o u t 3 8  f e e t o f  w a te r , f o l lo w s

1 Cours de Travaux Maritimes, l è r e P a r t ie , 1 8 9 6 .

2 Report on French Breakwaters to  T e u th  I n t . N a v . C o n g . , M ila n , 1 9 0 5 .
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somewhat generally the same lines of construction as the Grande Jetée, in so 

far as regards the disposition of the material and the external slopes. The 

quay, however, is only about half the width of that in the previous case. 

The cost of this breakwater, including the outer protection blocks, amounted

of stones of considerable size (some 500

external swell of the sea

to nearly £154 per yard. The 

parapet wall with its ashlar work 

came to £61, 10s. per yard, and 

the formation of the inner quay 

involved another £44, making 

the total cost, approximately, 

£260 per lineal yard.

Breakwaters at Algiers. 
—The principle underlying the 

design of the north and east 

breakwaters at Algiers, is that of 

g approximating the rubble mound 

as closely as possible to the form 

^ and fonctions of an upright wall. 

£ The mound has been laid to the 

£ very steep slope of 45 degrees 

throughout, and the superstruc- 

£ ture occupies the whole of the 

^ narrow summit. Such a design 

§ is open to very strong and grave 

g objections. The impulse of the 

“ wave, abruptly checked by the 

2 face of the parapet wall, is con- 

verted into a powerful downward 

£ force directed against the outer 

slope, or, alternatively, the 

waves, rising to an abnormal 

height, clear the parapet wall 

and break with considerable im­

pact upon the inner side. In 

each case the tendency to dis­

turbance is very pronounced, 

and movements frequently take 

place. Furthermore, the voids 

and interstices in the uppermost 

layer of rubble, which consists 

cubic feet in volume), causes the 

to be transmitted through the breakwater to the

interior area, giving rise to an agitation of the surface, which is incom­

patible with efficient harbourage.

Accordingly, iu the construction of the inner port at the Agha, begun in
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1899, the substructure of the jetty includes a solid wall of concrete blocks 

brought up from a depth of 18 feet below the water level. These blocks are 

not laid in bond, that is, breaking joint as at Genoa or Cette, on account of the 

highly compressible foundation, which is sand and mud. They are super- 

imposed in such a manner as to form a series of piers, disconnected except 

for the masonry crown, which, though fairly continuous, is jointed every 25 

or 30 feet. So far, the jetty has stood satisfactorily, but its construction is 

of too recent a date to admit of any definite pronouncement of its value. The 

cost is stated by M. de Joly to amount to £350 per lineal yard, or about the 

same as the Marseilles breakwater extension, which, however, is of much 

greater sectional area and in water of much greater depth.

Breakwater at Sandy Bay, Mass., U.S.A.1—“The subject of an 

extensive harbour of refuge at Sandy Bay has been under consideration since 

1882. The project submitted to Congress was for the construction, at a cost 

of $4,000,000, of a breakwater 9000 feet long in the location shown on plan 

in fig. 7. The proposed breakwater was to be a rubble mound surmounted 

by a masonry superstructure founded 15 feet below low water. The mound 

was to be 40 feet wide at the top. The superstructure was to be trape- 

zoidal in section, to rise 8 feet above high water, and to be 15 feet wide 

at the top. Below low water, it was to be laid ‘dry’; above low water, 

in mortar.”

No work was ever done upon the superstructure above described, and, in 

faet, no project for the construction of a superstructure was adopted until 

1892. In 1884 the plan for the substructure was changed to that of a 

mound 40 feet wide at the top, rising to 22 feet instead of 15 feet below 

low water.

The depth of water at mean low water varies from 6 feet at Avery’s Ledge, 

the extreme southerly end of the breakwater, to about 89 feet at the extreme 

westerly end, and averages about 45 feet along the southerly arm and about 

65 feet along the westerly arm. The bottom along the line of the work is 

nearly all ledge, except at the westerly end, where it is sand and shells. In 

the anchorage area, the holding-ground is excellent, being sand mixed 

with mud.

The work done prior to 1892, up to which time $450,000 had been 

appropriated, consisted in the placing of about 500,000 tons of stone in the 

substructure.

In the early part of 1892, a board was appointed to recommend à project 

for the superstructure and any changes that might be desirable in the 

existing project for the substructure. The section adopted is shown in 

fig. 120.

By 1898, 600 feet at the northerly end of the southerly arm had been 

completed to full section, 1200 feet more had been carried up to low water, 

and 2800 feet more had been founded. The 600 feet of superstructure was 

formed of stones weighing not less than 4 tons each and averaging 6 tons,

1 McKinstry on Breakwaters, Trans. Am, Soc. C.E., vol. liv. ; Int. Eng. Cong., 1904.

10
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and the southerly 250 feet of it had settled some 2 feet. In the early part 

of the year, in a storm of exceptional severity, the 600 feet of completed 

superstructure was torn down to a height of about 5 feet above mean low 

water.

Modifications in design, recommended by a board of inquiry and adopted 

in September 1902, are shown in fig. 121.

Section adopted 1892.

Scale of Feet.
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Fig . 120. — Section of Breakwater, Sandy Bay, U.S.A.

The capstones in the new plan are to weigh not less than 20 tons, to be 

20 feet long by 3 feet by 5 feet in end-section, laid on edge, and in as close 

contact as possible. The course below the capstones is to contain two stones, 

each weighing about 10 tons, the outer stone to be at least 15 feet long and

Section adopted J902.

Scale of Feet
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Fig . 121. — Section of Breakwater, Sandy Bay, U.S.A.

the inner one at least 10 feet. Below this course, to a depth of 12 feet below 

mean low water, the stones in the outer face weigh at least 8 tons, and in 

the inner face, at least 3 tons; and all are to be laid horizontal and as 
headers.

Including what had been spent up to 1902, the total estimate of cost for 

the work was $6,904,952. It is estimated that, when completed, the work will
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contain 6,301,407 short tons1 of stone. To September 1904, 1,690,178 tons 

had been deposited.

Piers at Tynemouth. —The Tyne piers commenced in 1855 for the 

purpose of sheltering the mouth of the River Tyne, constitute an example of 

the composite type in which the wall predominates. The rubble mound, 

which acts as a foundation to the wall (see fig. 122), has since been discarded 

in connection with the reconstruction of a portion of the north pier, due to a 

breach in it, 100 yards wide, made by a storm in 1897.

The mural portion of the original structure consisted of two longitudinal 

masonry walls connected at frequent intervals by cross walls, the cavities or 

pockets between being filled near the shoreward end with quarry débris, and, 

further seaward, with mass concrète.

“ The depth of the foundations of the superstructure varies from low- 

water level at the shoreward end to 27 feet lower at the pierhead. This

Shale' Shala

Typical Section of Old Work. Typical Section of New Work.

Fie. 122. —River Tyne Breakwater.

depth of foundation at the pierhead is much greater than was originally 

contemplated, it having been discovered, while the work was in progress, that 

wave action took place at much greater depths than had previously been 

supposed. The depth of the foundations would probably have been carried 

still lower had it not been that the rubble mound was deposited very much 

in advance of the superstructure, in order to ensure its being sufficiently 

consolidated before being built upon. The whole work seems to have stood 

well until the winter 1893-94, after which it was found that some of the 

foreshore blocks had been moved and the foundations of a short length of 

pier exposed.”
After the more serious breach of 1897, the question of reconstruction was 

considered, and, upon careful deliberation, the Tyne Commissioners decided 

to form a length of new work within the line of the old work, as shown in 

fig. 123.
“ In the new work the rubble mound is being dispensed with, and the 

foundations are being taken down to a hard shale, the depth averaging about

1 Tons of 2000 Ibs.
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20 feet more than that of the original structure. Above the low-water level, 

the sectional outline of the work is identical with that of the old” (vide. 

fig. 122).

Fro. 123. —Breakwater Piers at the mouth of the River Tyne, showing 
Reconstruction of North Pier.

The quotations are ironi a notice on the Tyne North Pier Reconstruction 

by Mr Ivan C. Barling, the resident engineer, contributed to the summer 

meeting of the Institution of Mechanical Engineers, July 1902.
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finished mound, upon whicli the roads are continuously extended as the work 

proceeds.

The Barge System.—The first method is best adapted to sheltered 

situations—the difficulties of discharging from vessels in a rough sea must be 

sufficiently obvions; but it necessitates the existence of sufficient depth of 

water for the loaded barge or scow, together with the additional clearance 

required, when, as is generally the case, the latter is fitted with hopper doors 

and the material is dropped through the bottom of the vessel. Certain barges 

permit of lateral discharge, but the type is not common; and in cases where 

there are no doors for the purpose, it is attended by some risk of capsizal, with 

attendant danger to the men engaged upon the work.

A corollary to the foregoing restriction is that hopper barges depositing

Fia. 124.—Hopper Barge discharging load.

material through bottom doors cannot be employed for the entire construction 

of a breakwater consisting of a rubble mound only. Even though there be 

considerable tidal fluctuation, admitting of the higher stages of the work being 

carried out during periods of high water, yet it is evident that the mound 

cannot be brought to surface level, and must, indeed, cease at depths below it, 

which may be anything from 10 to 15 feet, or even more.

One advantage attaching to the employment of barges is the opportunity 

afforded for depositing rubble uniformly and simultaneously over the whole 

site of a breakwater. This advantage is shared, but not to the same degree 

of freedom, by the second method. With floating plant there is no restriction 

whatever, and the work may be prosecuted over a very extensive area without 

incurring any higher expenditure or any greater risk of misadventure. As 

will be seen when we corne to deal with the question of settlement, this con­

sidération has a very important bearing on the permanence of breakwaters.
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On the other hand, it must be pointed out that the progress of work 

carried out by floating plant is very much at the mercy of the wind and waves ; 

so that long spells of unfavourable weather resuit in an almost complète 

cessation of operations, the period of which is therefore materially protracted. 

During the winter months, in particular, these interruptions are sure to be 

frequent and prolonged. Accordingly, in many cases, the method of staging 

is to be preferred, especially when it is necessary to complète the undertaking 

witli despatch.
The loading of the barges is usually performed at the pier of an adjacent 

quarry by the ordinary means of tipping through a shoot, the atone being 

conveyed to the quay edge in wagons running on rails, the gauge of which is 

generally small. Tn the case of large blocks, cranes are necessary, both for 

loading and unloading. The loading crane is situated on the quay; the other 

is usually mounted on an attendant barge. A pair of sheer legs may take the 

place of a crane.
On arriving at its destination, each hopper barge, containing random 

rubble, is adjusted in position with the aid of suitable sight-lines fixed on the 

shore, or of any convenient landmarks. It is difficult to niake satisfactory 

use of floating objects for this purpose, as they are necessarily moored in a 

flexible manner, and changes of tide and current may make sensible alterations 

in their positions, the exact estent of which depends, of course, upon the 

length of the moorings.
Satisfactory adjustment having been achieved, the hopper doors are 

released and the material falls througli the bottom of the hopper. It may 

then be necessary to trim it, especially if the deposit forms part of the upper 

layers. In tidal situations this may be done at periods of low water; other- 

wise, the services of divers are required. Care should be taken both by 

accurate alignment and judicious deposit to reduce the labour of trimming to 

a minimum, as it adds considerably to the cost of the undertaking. In 

shallow water the trimming and levelling of a rubble bed may be not unsatis- 

factorily achieved by supplementary hand-tipping, the inequalities in level 

being indicated by a sounding-lead.
Rubble should be evenly and systematically distributed over the entire 

width of base which the breakwater is intended to occupy, as also, where 

possible, over the entire length. Broken ridges and isolated heaps of stone 

give rise to currente and so to scouring ; and although any effects of this action 

may be rectified by subséquent deposits, yet an additional supply of material 

is entailed, as well as loss of time and labour. At Cette, excavations ranging 

from 3 to 5 feet in depth were found to have been produced by scour alongside 

rubble deposits which had been irregularly made.

The Staging’ System.—The use of staging, though primarily more 

expensive than any other method of procedure, is attended by many direct 

and indirect benefits. It promotes, to a very great extent, the unbroken 

sequence of operations, which is, perhaps, the highest desideratum from every 

point of view, and it affords greater protection to those engaged upon those
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opérations than, at anyrate, can be gnaranteed by the barge system. 

Interruptions of more than a few hours’ duration during tempestuous weather 

occur but rarely, and there is little time lost in waiting for the subsidence of 

the sea after a storm has spent its force. Of course, this assumes that the 

staging itself suffers no appreciable damage. It cannot be deuied that 

temporary structures of slender build exposed to the full force of a gale run 

some risk of destruction—partial, if not complète. Collapses of greater or 

less extent have proved this beyond question, yet the instances are not so 

numerous as to warrant the attachment of very serious importance to the 

objection, and the particulars are not infrequently exaggerated. Thus, writing 

in 1904, Sir William Matthews, K.C.M.G., says: —

“ Notwithstanding the alarming reports which have appeared in the press, 

from time to time, with regard to the works at Dover, it is satisfactory to 

state that practically uo damage whatever, from the first, has been occasioned

Fra. 125. Longitudinal Elevation of Staging, Holyhead Breakwater.

to the permanent works, and only comparatively insignificant damage, having 

regard to the magnitude of the undertaking, has been caused to the temporary 

structures. Although it was alleged that during the great gale in September 

1903 one thousand feet of breakwater works and staging had been carried 

away> the only loss which was occasioned was the turning over of one span of 

temporary staging of 50 feet in length with the plant thereon, which, at that 
time, occupied an isolated position.” 1

A more serious source of danger to sea staging is insect attack, and it is 

the more to be feared in that the depredations of sea-worms may remain 

undetected for some time. Constant inspection, therefore, is absolutely 

essential, and there can be no feeliug of security. We are dealing, however, 

with this matter more at length in another section.

Apait from these drawbacks, staging forms a steadier base for working 

purposes than a barge or vessel. Platforms may be affixed to it, or suspended

1 Matthews on Harbours of Great Britain, Trans. Am. Soc. C.E., vol. liv.
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from it at any desired level. It acts as an aid to the alignment of the work, 

and it allows appliances of a more powerful and efficient character than 

floating plant to be employed. Some of these features are equally character- 

istic of the third or low level system, but we shall see that there are also 

corresponding defects in the latter which are not applicable to staging.

Staging, as usually practised, takes the form of a series of piles in one or 

more rows of double line driven at regular intervals (say from 15 to 50 feet 

apart) and connected by longitudinal runners (or, for the longer spans, by 

wrought iron or steel girders), and bracing, with side strutting, cross bearers, 

etc. It thus forms a track, or a number of parallel tracks, for wagons, 

travelling gantries, and cranes; and, in order that as little surface as possible 

may be presented to wave action, these roads or tracks should be located well 

above the highest sea level, say not less than 20 feet, and preferably 5 or 10

Frø. 127. —Rail Track, Holyhead Breakwater Staging.

feet more, though, of course, any increase in the height is made at the 

expense of stability. Furthermore, the solid strutting, which characterises 

much land staging, is best replaced by slender tension members—chains and 

wire rope stays attached to secure moorings; or, if the surging of these under 

wave action be deemed undesirable, second-hand railway metals will be found 

eminently useful for the purposc.

The piles, wherever possible, are driven into the ground by a pile-driver 

rigged up on a barge or floating platform, or supported on a carriage which 

projects over from the land or the staging previously completed. The floating 

pile-driver (or rather, a number of such appliances) can, in still water, construct 

the road at a much quicker rate than the stage pile-driver, which is limited in 

the scope of its operations.

In ordinary firm ground, the above is the usual course. If the ground, 

however, be of a very soft and yielding character, it will be desirable to
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substitute screw piles with a broad-bladed screw 

at the foot to afford the necessary surface bear- 

ing, or the pile may simply be set upright upou 

a large iron base-plate in the form of a shoe. 

A very broad and fairly thick stone slab, care- 

fully set upon the surface of the ground, will 

often afford a sufficiently substantial base. This 

method, however, entails much cross strutting 

between the piles. Finally, if the sea bottom 

be rocky, the lower ends may be let into sockets 

drilled in the rock and steadied by concrete 

filling, or the pile may be shod with a stout 

iron spike, capable of being driven several inches, 

at least, into the solid.

For rubble work, the tracks are such as will 

suit the wagons in which the material is con- 

veyed. The number of these tracks and their 

distances apart will depend upon the actual 

extent of the breakwater, but 25 feet or so seems 

to constitute a fairly average distance between 

track centres, and there are few breakwaters 

where the number of such tracks need exceed 

six, affording a width of 175 feet over all.

The stone, having been conveyed directly 

on to the stage in wagons, is tipped either by 

hand or by automatic arrangement, the wagons 

being tilted at the ends or at the sides. The 

staging method is particularly convenient on 

account of its adaptation to an organised con- 

tinuous supply of stone, and the ease with 

which wagons may be marshalled and dis- 

charged. But it does not command the same 

extent of area as the barge system, unless the 

staging be erected from end to end in the first 

instance, which is unlikely, owing to the delay, 

risk, and cost.

Under general circumstances, staging may 

be utilised several times over in different posi­

tions ; in other words, it is not necessary to 

provide for a length of staging equivalent to 

that of the breakwater. As the work is com­

pleted, the rear staging may be moved forward, 

connection with the ground level being main- 

tained by sloping ways. There is inevitably 

some interruption while the change is being
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made, and any marked restriction of the working length tends to cripple 

progress and increase the cost.

Low Level System.—The low level system of tipping, by means of 

wagons running along tracks laid on the solid breakwater structure as il 

advances, saves the cost of staging and reduces the amount of work done 

during the process of discharge ; but, at the same time, it is a method which is 

greatly restricted in scope, in that operations are limited to the immediate 

vicinity of the completed mound ; for, until the bank be raised at least above 

sea level, any extension of the railway track is impracticable. And allowing, 

under the most favourable circumstances, that the lines can be laid close to the 

water level, there is the added risk, the probability, the certainty even, that rough 

weather will cause frequent irruptions and settlements, so that there will be 

more or less constant relaying of the tracks—all entailing delay and expense. 

On the other hand, it may be urged that the use of the completed section of 

the mound as a roadway for the transport of materials assists to consolidate it 

and to reveal any sources of weakness which it may possess. This is no doubt 

true ; but whether it affords sufficient justification for the adoption of a system 

which is otherwise slow and restricted, is a point which must be determined 

by the special circumstances of the undertaking. It is a form of construction 

which is not generally suitable for works on a large scale. For small embank- 

ments, however, it may be considered convenient and economical if time be 

not a matter of importance, and it produces substantial and reliable work.

Leaving the mound type of breakwater at this point, we pass on to 

methods of wall construction.

Wall Construction.—The masonry wall, built with prepared blocks of 

ashlar or concrete, carefully bedded and laid in accurate alignment, mani­

festly calls for more elaborate and less rudimentary appliances than are 

available for the formation of mounds. Other kinds of wall, such as those 

consisting of concrete deposited in mass in a fluid condition,1 or built up of 

sacks and bags laid in courses, also demand special apparatus. The methods 

of construction generally adopted may be ranged under the headings of :—

(1) The Staging System.

(2) The End-on, or Over-end, Low Level System.

(3) The Caisson or Buoyant Monolith System.

Floating plant, while useful enough as an adjunct, cannot be relied upon 

alone to carry out operations with sufficient exactitude.

The Staging’ System.—As regards the staging system, there is little to 

add to what has already been written in connection with mounds. The same 

lines of formation are followed and the process of depositing is the same with 

the exception that, instead of being tipped in bulk, each block of stone is 

laid individually in position. Cranes or gantries are therefore an integral 

part of the system, and the tracks will be arranged to suit their requirements 

For concrete work, platforms may either be erected on the staging itself where 

1 The deposition of concrete in a plastic or partially-set condition is a practice to be 
deprecated.r
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the material« can be incorpor- 

ated and discharged intoshoots 

conveying it to its destined 

situation, or mixing may take 

place in the yard ashore, and 

the concrete be conveyed in 

skips to its appointed place. 

The former method has the 

advantage of greater conveni- 

ence of output, the concrete 

machines being allocable in 

various parts, so as to com- 

mand an extensive range, and 

there being no tendency to 

block the service-lines.

The End-on System.— 
The low-level system practised 

with a single powerful crane 

running upon a track laid over 

the finished portion of the work 

isopen to the objection, already 

stated, of limited scope. The 

work proceeds outward from 

the land, and it cannot be at- 

tacked from several points as 

in the case of staging. Yet the 

method is one which has been 

adopted in a very great number 

of modern instances. Astrong 

point in its favour, particularly 

when dealing with huge blocks 

of 30 to 50 tons and more, 

is the greater stability of the 

working base. On the other 

hand, there are many occasions 

when its full lifting power is 

not in request, and when a 

much less powerful machine 

could do the work required at 

the moment.

The machine employed in 

connection witli this system 

of construction goes by the 

generic name of a “ Titan” 

(fig. 129). In principle it con-
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sists of a huge cantilever crane with a substantial wheel base. There are two 

variants in design. In one case the cantilever arm is a girder trussed within 

its flanges; in the other it is supported by means of tension rods from above. 

The former obviously lends itself to greater stiffness and steadiness, while 

the latter is lighter and carries the arm at a lower level for the same over-all 
height.

Apart from their systems of trussing, Titans differ in that some have a 

fixed base, while others are pivoted upon their carriages. The former class, 

generally differentiated by the term “Mammoth,” are provided with à 

carrier having longitudinal and transverse motions; the action of the latter 

class is radial. The radial machines can command a wider lateral range 

than the rectilinear machines, but they are not so conveniently adaptable to 

setting out work, a diagonal movement being less easily regulated to align- 

ment in dual directions than a direct one. However, radial machines are 

capable of depositing wave-breakers along each flank of a breakwater to some 

distance outside, and this is a feature in which they decidedly excel the 

alternative type. Moreover, with Mammoths, the block has to be run under 

the machine before it can be picked up, but with Titans this is not the case. 

This is not unimportant, owing to the moorings.

The Titan is served with monoliths by a “Goliath " (fig. 130)—the generic 

name for an overhead traveller, the carrier of which runs 011 tracks trans- 

versely to the road of a wheel base of considerable span. The blocks 

are loaded on to trollies by the Goliath, and so conveyed from the block- 

yard to the breakwater, there to be set in position by the Titan. There is, 

however, nothing rigorous about the practice. The yard machine may be,’ 

and is, in some cases, a Titan.

Examples of both these machines are shown in the accompanying 
figures.

The Caisson System is an adaptation of the power of natural 
buoyancy to transportation purposes. Gigantic boxes of iron framework 

mcased 111 concrète are fornied in a sheltered recess or inlet on the coast or 

111 an inner dock. Wheti built to the required size—which is such that when 

sunk in position their topmost edges will project slightly above the surface 

of the sea at low water,—they are temporarily strutted in the interior 

launched, and towed out to the site they are intended to occupy. Great care 

has to be exercised 111 aligning these huge boxes and in maintaining their 

perpendicularity while foundering. When this delicate operation has been 

successfully performed by admitting water to the interior of the caissons, 

they are filled with fluid concrete, stone rubble, and small blocks, so as to 

form ultimately a solid monolith.

The method involves some risk, especially on an exposed coast. The 

caissons are very unwieldy: they call for powerful towing and directing 

appliances; but once in position and rendered solid throughout, they 

constitute a most potent defence against breaking seas. As regards cost, it 

is not apparent that they are more expensive than other forms of break-
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water, but Works on which they are adopted are liable to stoppages and 

delays arising from tempestuous weather.

In certain instances, as at Dublin, solid blocks of masonry bave been 

built on an adjacent quay and transported by a floating crane, in an almost 

wholly immersed condition, whereby their effective weight has been very 
materially reduced.

Apart from and independent of any particular system of excavation, there 

are general features of breakwater construction which call for careful 
considération.

The first and most important of these is the foundation.

Foundations.

It would be impossible almost to devote to this subject more attention 

than it merits. Very great and serious harm may accrue to a breakwater 

founded upon a base insufficiently firm and secure. Even if the damage be 

remediable, there is the expense of repairs, which will probably become a 

matter of periodic récurrence. These repairs will naturally be of a more 

pronounced character in the case of regularly bonded structures, such as 

walls of ashlar work, which, when disturbed or deranged in any way, involve 

the provision of special appliances and skilled labour to reinstate them.

Accordingly, it will be well to consider the characteristics and qualifica 

tions of a good foundation. These may be classed under two heads: Incom- 
pressibility and Permanence.

Incompressibility. —A theoretically ideal foundation is incompressible : 

it does not yield in any way to the load imposed upon it. Such a foundation, 

however, except in the harder varieties of rock, is almost impossible of realisa­

tion.1 The greater part of the material constituting the sea bottom is more 

oi less of a compressible nature, though in some cases the compression may 

be but slight. Thus, in addition to the softer kinds of rock, sand and 

gravel and some varieties of marl are very little, if at all, affected by heavy 

loads, provided precautions be taken to prevent lateral escape. All other 

materials are compressible to a marked degree : mud, silt, the softer kinds of 

marl, clay (particularly when moist and plastic), peat, etc.

While an incompressible foundation is undoubtedly desirable, some slight 

yielding is no insuperable objection, provided the settlement be uniform. It 

is of no great moment if the whole superstructure sink a little; but if a 

portion only gives way, fracture between the stationary and yielding parts is 

bound to occur. Hence, a foundation should be as far as possible homogeneous. 

A building is safer on an all-clay foundation than on one of rock and clay. 

Where the foundation is varied in character, therefore, special precautions 

are necessary to ensure equal bearing power. The pressure on the weaker 

material should be distributed over a larger area ; the dividing line between the 

two strata should be distinguished by augmented bond, such as is afforded by

1 When obtained, it is not an unmixed Messing, as the levelling of an indurated surface 
is troublesome.
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tie-rods or bars; and great care should be exercised in construction. The 

better course, wherever practicable, is to excavate to the lower level, at which 

the harder stratum is found.

It must be borne in mind that some settlement is inévitable. It will take 

place, if not in the foundation, at anyrate in the structure itself, especially 

in mounds formed of rubble work. The numerous vacuities in the mass and 

their proportionately great volume, combined with inequalities of bedding and 

support, lead to a shrinkage of the entire mass, which is very considerable in 

the earlier stages of its existence, and is more or less a constant characteristic. 

The diminution arising from this cause, however, is readily made good in 

ordinary cases by the simple deposition of additional material; but it is mani­

fest that where the mound is acting as a substratum or base for a wall, the 

effects of shrinkage cannot be so easily effaced, nor can the wall itself escape 

a share in untoward conséquences. Hence the obvious necessity of allowing 

such mounds adequate time to take a firm bearing.

Moreover, it must not be overlooked that in addition to that arising from 

its own inherent tendencies, some further subsidence must occur when the 

weight of the wall is imposed upon a mound. Allowance must be made, in 

the first instance, for this and for other contingencies.

Settlement, therefore, in some form or other, must be looked upon as 

inevitable, and the essential point is to ensure its uniformity. Well- 

constructed breakwaters have sunk to the extent of 10 or 12 per cent, of their 

total height without appreciably afiecting the appearance or the stability of 

the superstructure ; but this has only been so because the process was gradual 

aud regular. Sudden and irregular changes cannot fail to produce fracture, 

especially in bonded work, concerning which we must speak later.

Permanence.—The second point of a good foundation is permanence, 

or unalterability. Certain mineral substances, when exposed to external 

influences, undergo physical and chemical changes which naturally modify 

their characteristics. The hardest rocks, such as granite, are known to 

disintegrate and decay under atmospheric agencies alone. Marine, and 

particularly submarine, agencies are much more drastic in action. The 

attacks of sea-worms, the erosive power of currents, the dissolving properties 

of water, and the percussive action of waves—all these are sources of change 

and détérioration.

As far as possible, therefore, a foundation should be guarded from 

destructive influences. Even when the ground is naturally firm and durable, 

it is very desirable to protect the surface in the immediate neighbourhood of 

the breakwater from scour. To this end, in the case of upright walls, rubble 

and riprap are deposited alongside, so as to form an apron covering the 

toe, and, in more exposed cases, large blocks and monoliths are similarly 

utilised.

Wall Foundations.—Before dismissing the subject of foundations, we 

must make a few remarks on the manner in which they are prepared for 

breakwater piers of the upright wall type.
11
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In all cases, it is essential to remove the surface coating of mud, ooze, and 

weed, which covers the sea floor. This may be done by dredging or with the 

aid of divers.

If the stratum thus exposed be sufficiently firm for the purpose, the 

breakwater pier may be laid upon it forthwith. Otherwise, it will be 

necessary to excavate further until a satisfactory base is obtained. In the 

event of the desirable stratum lying at a great depth, as revealed by borings, 

shafts may be sunk and the work built up in the form of piers inside them 

(fig. 131).

These shafts may consist of steel plating with walings of steel tees and 

angles, strutted with similar sections or with timber balks. They are usually 

so built, in lengths of convenient dimensions, such as can be handled by a 

crane or other lifting appliance. The lowermost length is fitted with a V- 

shaped cutting edge of hard steel. A sufficient number of lengths are bolted 

together to bring the shaft above the water level when resting on the sea 

bottom. Excavation is then carried on in the interior by grab buckets with

frequent inspection by divers. As the shaft sinks under its own weight, 

combined with that of kentledge, additional lengths are added at the top. 

When the solid stratum is reached, the interior of the shaft is filled with 

conerete. The spaces lying between successive piers are arched over at or 

about the level of the sea floor (fig. 131).

Another method of transmitting the weight of a breakwater to a lower 

stratum, is by means of timber-piling driven at short intervals over the whole 

area of the site. The required depth must, of course, lie within the range of 

ordinary logs, say from 40 to 50 feet. Piles of greater length are expensive 

and difficult to obtain. When driven to their utmost extent, the heads of 

the piles are cut off by divers and cased in rich conerete (say 3 to 1) to a 

depth of at least 2 feet below the mud level in order to secure immunity from 

vermicular attack. A foundation layer of conerete may then be distributed 

over the whole area.

In certain circumstances it may suffice to inclose the site within sheet- 

piling; remove an upper layer of material, a foot or two in thickness, and 

deposit conerete.
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Limiting Loads. — In all these cases it is uecessary to bear in mind the 

limiting resistance to compression of the stratum founded upon. The follow- 

ing values may be adopted for use in ordinary cases.

I. ----- /5i--------4
Transverse Section.

s

......æj..

0

U --------------je'.--------------

En/argement of 

Cutting Edge

Fig . 132. —Foundation Caisson for Piers.

Concrète will safely stand from 10 to 15 tons’ compression per square foot 

of area; hard rock from 9 to 10 tons; soft rock and stiff clay from 2 to 3 

tons; and sand and gravel from 11 to 2 tons.
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Tituber piles driven to a hard bottom  will support a load of 10 cwts. per 

square inch of cross-sectional area ; if dependent entirely upon the frictional 

resistance of the ground against its sides, and not upon basal support, the 

bearing power will vary with the perimeter of the pile; but in any ease not 

m ore than 2 cwts. per square inch of sectional area should be im posed.

The loads actually due to the substance of a breakwater m ay be com puted  

from the following table, which gives the weight in Ibs. per cubic foot of 

various m inerals. W hen com pletely im m ersed in salt water, they lose 64 Ibs. 

of the weight given; but there are circum stances under which the deduction  

is not justifiable, at anyrate for purposes of calculation.

Ap p r o x im a t e  W e ig h t  p e r  Cu b ic  Fo o t  o f  M in e r a l  Su b s t a n c e s .

Ibs. Ibs. Ibs.

Basalt . . 187 Limestone—  contd. Sandstone  — contd.

Briclr . 115 to 135 Purbeck . 150 Talacre 150

Granite— Chilm ark . . 155 York 157

Cornish . 164 Kentish rag 166 Dundee . 159

Aberdeen . 166 M arble 170 M onm outh 168

Guernsey . 187 M agnesian 175 Slate—

Lim estone— M asonry . 116 to 144 Cornwall. 157

Bath . 120 Sandstone— • W estm oreland . 173

Portland . 130 Red.. 130 W elsh . 180

Chalk . 145 Craigleith 141 Trap rock 170

F ig . 133.— M oulds for Concrete Foundation.

into the rock, or by slabs of stone.

Surface Treatm ent. — The surface of a reliable natural foundation 

generally requires som e treatment before it is ready to receive the first course 

of wall structure.

In rock there are always num erous cracks, crevices, and fissures, and a 

general unevenness of surface. Cavities and pockets containing soft m aterial 

should be cleaned out and filled 

with concrete prior to extending  

the concrete over the entire site. 

To prevent lateral escape of the 

concrete while soft, it should be 

flanked on each side, tem porarily, 

with bags of sand, planking on  

edge secured to iron pins driven  

Sm all irregular apertures m ay be 

staunched by packing with clay, or by covering with strips of jute or 

canvas.

W here the top of the rock, however, is not very hard, it m ay be found  

preferable to dress it down to a level surface, or to a series of benched beds 

of sufficient area to receive one or m ore blocks. Dips should likewise, where 

possible, be benched out to prevent any tendency of the wall to slide over 

the sloping surface (fig. 135).

The levelling of the surface is, of course, only absolutely essential for 

blockwork. For walls built of concrete in m ass, though benching  is desirable,
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all that is strictly needful is to erect the side-moulds within which the concrète 

is to be deposited. At first sight this would appear to be a simple operation, 

but the difficulties of setting temporary wooden monids under water are 

anything but negligible. Where piling is practicable, a series of uprights 

may be driven at regular intervals, fitted with grooves within which panels 

of sheeting may be slid down, and raised again as the work proceeds. At the 

junction of the planking with the ground, a broad strip of canvas can be laid, 

forming a liniug to the adjacent surfaces of each, for a width of 18 inches or

Cross Section.

Sectional Elevation.

Fig . 134. —Concrète and Stone Foundation Work.

2 feet. The vertical portion will be backed to the planking, and the horizontal 

portion weighted to the ground with stone.

For mass concrete on a rocky bed, where guide piles are impracticable, 

the plau to adopt would be to lay external facing blocks and to deposit mass 

concrete in the space inclosed.

The deposition of concrete under water is an operation requiring the 

utmost care for its satisfactory accomplishment, the danger being that the 

cement may be washed out of the aggregate. It is useless, therefore, to

Benchin g

Fig . 135.

entertain the idea of tipping, as carried out in ordinary work above water. 

For the special circumstauces of subaqueous foundations, the concrete must 

be conveyed in a skip with a bottom flap or flaps, or in a bag with a double 

mouth, that at the lower end being temporarily bound with a looped rope, 

capable of being released by a tripping rope. The skip, or bag, is lowered 

right to the bottom, or as near thereto as is consistent with discharge, and 

the contents are allowed to flow quietly into place, with as little manipulation 

as possible. It will be evident that concrete for submarine work should be 

rich in cement, say 4 to 1.
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One caution to observe in 
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tidal situations is that of so arranging the 

freshly placed ooncrete may not be subjected, 

while setting, to the disturbing action 

of a choppy sea surface. Less than 

18 inches or 2 feet of water is in­

sufficient to prevent even small waves 

from exercising a deleterious influence, 

chafing the concrete, and robbing it 

of its cement. Therefore, wherever 

possible, advantage should be taken 

of the variation in the tidal level, 

surface of an uneven bed destined

during springs and neaps, to suspend 

concreting from time to time, either 

at some little depth below the sur­

face or altogether out of range. A 

quick-setting cement will prove of con­

sidérable value in tidal situations.

It is needless to remark that when 

operations are carried on within the 

shelter of a diving-bell, the same re­

strictions do not apply, although it 

must be admitted that sudden out- 

bursts of air may do more damage 

than the fretting action of waves. 

Yet, with care, these may be avoided. 

The work is then only limited by the 

convenience of arrangements in regard 

to shifts.

Bagwork.—The dispersive action 

of waves, and, indeed, the solvent action 

of comparatively still water, has led 

to the introduction of a system of con­

crete laying in sacks or bags. These 

bags have, in certain cases, attained 

a very considerable size and weight, 

the latter reaching 100 tons and over. 

But small bags of 5 or 10 tons, or 

thereabouts, are most common. They 

are often employed for regularising the 

to receive blocks. The bags are of

jute or canvas, strongly made. After being filled with concrete, they 

must be deposited immediately, while the material is plastic, so that each 

bag may adapt itself to the inequalities of its environment. This adapta­

tion of bulk to various positions is one of the chief advantages claimed 

for bagwork. The system is not without certain drawbacks ; the bags are
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Hable to bürst. This, of course, could be remedied by strengthening and 

improving the sacking. Moreover, the bags cannot be brought to a per- 

fectly level surface ; neither can they be compacted very closely in suc­

cessive rows ; and further, they are liable to work loose and be sucked out 

by the sea, or, failing that, the ends may be broken off by waves. These 

defects, however, are not vital; careful setting will go far to minimise 

them; and many breakwaters in existence have been partially, or wholly, 

constructed of bagwork.

The jute sacking generally used for the purpose weighs from 25 to 30 ozs. 

per superficial yard.

Block-making'. —The makiug of blocks for breakwater building calls for 

little explanation. The blocks are built of concrète in moulds at a block- 

yard adjacent to the site. The weights range from 5 tons upwards, accord- 

ing to the capacity of the setting machine. There is, however, practically 

no limit to size, since huge monoliths may be deposited by special means. 

At Dublin a wall has been built with foundation blocks weighing 350 tons 

each, while the caisson blocks at Zeebrugge weighed no less than 4500 tons 

each.
Blocks should be allowed to mature for at least a couple of months before 

depositing in position, though they may be removed from the moulds at the 

end of a fortnight. The season of the year and the temperature produce 

variations in the time of maturing.
In order to facilitate the placing of blocks, they are usually constructed 

with two vertical or slightly inclined perforations, through which are passed 

irou bars with T or angle ends, capable of engaging against the underside of 

the block when turned through a right angle. When the blocks are very 

heavy, the T heads should be provided with hard wood or iron-bearing surfaces 

to prevent the concrete from suffering damage.

Bond. _ The problem of bond in breakwater construction is a difficult one. 

Theoretically, the effect of introducing a system of interlocking is to materially 

strengthen the breakwater by binding together, in close association, the 

separate elements of which it is composed. Practically, there are the con­

séquences of unequal settlement to be considered, whereby the sinking of any 

part of the breakwater will probably fracture the blocks connecting that part 

with the portions adjoining. The evils attaching to such a contingency can 

only be averted by discarding the idea of bonding horizontally. Vertical or 

sloping joints then become inévitable. The breakwater can be eonnected 

longitudinally, wherever this is done, by means of dowel- or joggle-joints. 

Such connections offer no resistance to settlement. A dowel^oint consists of a 

square-shaped aperture, set diagonally, one-half or a V-shaped portion being 

cut out of each of two stones. When these are joined together, the aperture 

is filled with a piece of stone of diamond section or with concrete. A 

yoppZe-joint differs only from a dowel-joint in that the connection is formed 

by a projection on one piece fitting into the aperture in another. It 

is the stronger method of the two, but more expensive, because a con-
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siderable quantity of one stone has to be cut away in order to form the 

joggle.1

JOGGLE JOINT DOWEL JOINT

□ OVETAIL MASONRY 

(PLAN.)

Flos. 137-141.—Masonry Joints and Connections.

Dovetailing is another method of bonding masonry, but it nécessitâtes 

much elaboration in fitting and jointing, and therefore is costly. It has been 

very often used for lighthouse work.

10 S 0 10 20 30 40 50
luuhl111 ____I ____ L------- I-------- I------ I

Scale of feet

Fia. 142. —Piano-blockwork at North Jetty, Tynemouth.

Somewhat similar, though perhaps less intricate, is the system of il piano” 

bloeks used by Mr Messent in the construction of the Tyne breakwaters. The

1 The distinction between a dowel and a joggle is, however, not always observed, and 
the terms are often treated as synonymous for either class of joint



BREAKWATER CONSTRUCTION. 169

object of these was to prevent the sliding of the blocks transversely when 

struck broadside by a heavy sea. The system, however, did not prove a 

success, and is unlikely to be repeated.

Both the foregoing arrangements are costly and 

view may be achieved to some extent by means 

of bed-plugs. These are projections of stone or 

iron standing up above the level of one course 

of blocks and fitting into apertures in the under­

side of the next course.

Metal crampe form an effective connection, pro- 

vided they are protected from the possibility of 

rusting and corrosion. This can only be satis- 

factorily realised by bedding them below the 

tedious. The object in

Fig . 143.—Bed-plug.

in Portland cement.surface of the stone and completely inclosing them

Sloping Bond.—The term sloping bond has been applied to an arrange­

ment of blocks whereby they lie tilted on end a little out of the vertical—the 

angle of inclination varying from 80 to 60 degrees, or rather less. By 

this system the blocks are fairly free to slide, in case of settlement, without 

disturbing the adjoining courses. When, however, as in many cases, dowelling 

introduced, this freedom of action exists only to a 

restricted extent, the frictional resistance to 

movement being considérable.

The horizontal bonding of blocks — of 

dubious advantage, as it is in the upper part 

of a breakwater where the blocks can be 

accurately adjusted, and the bed-joints well 

flushed with cement—is a matter of almost 

positive harm in the courses which lie below 

water level, where, in most cases, blocks have 

to be laid without bedding, and where the 

joints are left open. It is manifest that, 

under such circumstances, the blocks are not 

bearing equally on their beds, and it is readily 

conceivable that a long block extending over 

three others in a lower course might only be

and bed-plugs are also

Fig . 144. — Sloping Bond of Break- supported at each end. The risk of fracture 
waters. See also fig. 129, p. 157. wQuld then be very great

During the progress of the work, and especially at the commencement of a 

winter season, or other period when operations are intermittent or entirely 

suspended, care should be taken to see that the end blocks of the work 

actually executed are amply secured.

Grouting 'under Water.—The joints of work under water may be 

filled, to a certain extent, by means of grouting from the surface. A pipe or 

tube is arranged so as to communicate with the part proposed to be dealt 

with, and through this tube, under a considerable head or under direct
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pressure from a ram or piston, fluid concrete is forced into all the adjacent 

cavities. To prevent the escape of the concrete, however, all the face joints 

must necessarily be closely caulked. This has been done in certain cases by 

forming slightly dovetailed grooves near the outer edges of the blocks and 

ramming them with rolls of canvas containing neat cement, as shown in

Fig . 145. —Joint 
Packing.

sketch (fig. 145). These were allowed to harden, and 

the joints packed with shingle before grouting.

In the case of wide joints, the apertures may be 

faced with brickwork in cement, or with small bags, 

containing neat cement, stacked compactly.

The concrete for grouting purposes should not be 

too fluid. Other materials are also used, such as clay 

worked up with hydraulic lime, and sand mixed with 

iron filings and sal ammoniac; but Portland cement concrete, on the whole, 

is préférable.

Minor Breakwaters.—All breakwaters are not planned on the same 

scale. Massive construction may be both necessary and possible in the case 

of leading harbours and ports. But there are also small harbours, where any 

great outlay on protection works is out of the question, and where some 

expédient must be contrived for affording reasonable protection at moderate 

cost. It is both interesting and instructive, therefore, to consider the steps 

which have been and may be taken to meet these cases.

Crib and Box Breakwaters.—The submersible caisson of steel and 

concrete has had its prototype in a long, wooden box, floated out into position 

and filled with rubble. Such was the form of breakwater adopted in many 

early instances, and still practised at some ports on the Baltic seaboard. 

These boxes or cribs were braced, at intervals of 8 to 10 feet, by transverse 

partitions, and, in wide boxes, there were often one or two longitudinal 

partitions as well. Floors of planking were arranged in several—about three 

—tiers, with a charge of stone incased in eacli. Both the outer casing and 

the inner partitions were constructed in solid tiniber.

“ Stone cribs of this type of construction constantly required repairs, since, 

apart from scouring, the terminal boxes were damaged by every strong sea; 

the planks and the upper balks were torn off, although secured by means of 

strong iron bolts, and the stones were hurled about.”1

The dams were strengthened, as far as possible, by driving piles through 

the inclosures, in two rows with cross ties, and by depositing a mound of 

huge stones in front of the seaward face. But no measures proved com- 

pletely satisfactory. Breakwaters such as these could only be employed in 

comparatively shallow and but moderately exposed positions. Depths of 15 

feet of water probably mark the limit to which they may be advantageously 

applied

Somewhat similar to the foregoing are the timber cribs used on the North 

American Lakes. They are box-shaped frames of timber constructed in open
1 Anderson on Breakwaters, Proc. Int. Nav. Cong. Milan, 1905.
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work, with numerous compartments formed by means of transverse and longi­

tudinal ties. The compartments form réceptacles for stone rubble. From 

the crudeness of their build, these cribs can only be looked upon as of the 

nature of temporary structures. They are referred to in somewhat greater 

detail in Dock Engineering.1
Fascine Work. — Another form of construction adopted in certain 

localities for moles and breakwaters is known as fascine work, and consists 

of bundles of brushwood arranged as mattresses, which are sunk in position 

in successive layers and weighted with stone. Piles are then driven through 

the mattresses into the sandy bottom to prevent displacement. In process 

of time the interstices of the mattresses become filled with sand and drift, 

forming a solid mass. The system is more particularly characteristic of the 

low-lying coasts of Holland and Denmark, though it is also to be found on 

Prussian shores. Fascine mattresses are also described at some length in 

Dock Engineering? and they are alluded to in Chapter IX. of the present 

volume in connection with charme! training-works ; but, as in the previous 

instances, they have exhibited no great resisting powers to rough seas.

The following is a description of some early breakwaters on the Baltic 

littoral :—
“The fascine dams consisted, according to the depths of water, of one or 

several layers of fascines 3 feet to 4 feet thick, which were floated down from 

the inner harbour where they had been made, and sunk on the spot. The 

ripper layer was afterwards covered with a packing and witli a stratum of 

small stones and rubble, about 3 feet in height and rounded on the top. 

This cover was paved with large, approximately cubical, stones of granite. 

The capping, which had a width of about 13 feet and was slightly arched, 

was scarcely 6 feet above mean water level. The slope from the capping 

down to the outer edge was 3 to 1 on the sea side and 2 to I on the harbour 

side. The thickness of the stone paving was 3 feet in the capping and 2 feet 

elsewhere. The stone layer was further secured by strong oak piles from 

7 to 10 feet long and G inches square, called caisson piles; they were driven 

at distances apart of 6 feet along the edge of the capping, and of 18 inches 

along the water-line.
“These fascines were exposed to heavy damage, for every storm from 

the sea lifted the paving stones of the slope, especially at the head and on 

the sea side, from their seats, and carried them inland, or hrirled thenr up tire 

slope aird over the mole into the inner harbour. The reason for tlris was 

maiirly that the stones did not lie sufficiently close upon the flat slopes, and 

that they could be loosened separately and disturbed by the waves, lacking 

sufficient weight in themselves to resist this action. In order to make 

the surface of the slope as plane as possible, with a view to avoiding points 

of attack for the impinging waves, the stones had been placed with their 

roughly hewn, approximately square, heavy portions—that is to say with 

their bases—upwards, and with the tapering parts downwards. In this 

1 pp. 286, 287. 2 pp. 282 et seq.
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position they were only secured by being packed underneath with smaller 

stones and by leaning against one another. The stones were not further 

fixed, therefore, and although they were as closely packed on the surface as 

was possible, the remaining gaps, especially between the lower portions of 

the stones, afforded the waves sufficient front for attack. It was for this 

reason that the joints of the stones were at a later period closed with concrète, 

when a quiet sea and low water permitted such operations. These measures 

diminished the destruction, but did not by any means prevent it ; for the 

chief trouble arose from the insufficient loading of the stones, which could 

not be altered, and the part of the structure which was most exposed, i.e., 

the toe on the sea side, could not be strengthened and properly secured. 

The toe of the slope on the harbour side could be strengthened by forcing in 

several layers of balks behind the pile walls, and it was against these balks 

that the cubical stones of the slope were resting. Nothing of the kind, 

however, was possible on the open water side. Rubble mounds were useless ; 

for the stones were driven inland or raised up the flat slopes of the moles 

into the harbour. There was nothing left, therefore, but to place further 

fascines in front of the slope to fill up the hollows formed alongside the mole, 

and to restrict further injury to the pavement.”1

Another simple method of breakwater formation is to drive a double row 

of piles and fill the intermediate space with rubble, the piles being retained 

in position by longitudinal walings and transverse ties. The piles may be 

either of whole timber or of iron. In one case, at Touapsé on the Black Sea, 

railway metals were used for the purpose. On account of the disruptive 

tendency of the hearting, it is necessary to have good stout piling with strong 

transverse pieces capable of oftering ample resistance to the lateral pressure 

imposed upon them. The piles are sometimes driveu in an inclined direction, 

pointing inwards from the bottom towards the top so as to increase their 
stability.

Examples of Breakwater Construction.

North Pier at Tynemouth.2—“ The new length of pier (1500 feet long) 

is being made of Portland cement concrete blocks bonded from side to 

side of the pier, no mass work being used except above high water level. The 

heaviest blocks weigh (in air) from 30 to 40 tons, and those exposed to the 

sea are faced with Aberdeen granite. The blocks below low water are built 

without mortar joints, but they are interlocked by round joggles and other 

means to such an extent as to render relative movement among them impossible. 

Above low water the blocks are built with mortar beds, the joints being also 

grouted up. The material overlying the new foundations is excavated by 

means of grabs, and as soon as the grab has worked down to the shale, a 

diving-bell is used to level the bed for the blocks.

1 Anderson on Breakwaters, Proc. Int. Nav. Cong. Milan, 1905.
2 Barling on Tyne North Pier Reconstruction. Min. Proc. Inst. Mech. E Newcastle 

Meeting, July 1902.
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“The diving-bell now in use is 12 feet long by 9 feet wide by 6 feet high, 

and four men work in it at a time. The pressure, which, of course, varies 

with the depth of water, is about 20 Ibs. on the square inch above that of 

the atmosphère, and up to now (1902) there has been no case of sickness due 

to working under air-pressure. When the bed is prepared, the blocks are set 

by helmet divers, and as great care is taken to get them level and true as if 

they formed part of an architectural structure above water. Ihe reason for 

commencing the work at some distance seaward of the junction, was to admit 

of the work being carried on at two faces, and thus extended seaward and 

shoreward simultaneously.”
Breakwater Construction at Alderney.—The following detailed 

description of the operations in connection with the construction of the wall 

or superstructure of Alderney breakwater will be found extremely instructive. 

It is quoted from an account1 by Mr (now Sir) John Jackson, who acted as 

contractor’s agent on the works for a period of nine years. The breakwater 

unfortunately subsequently acquired an unenviable reputation on account of 

the large annual expenditure incurred in its maintenance.

“ In building the walls, as no machinery of any kind could remain out 

during the winter, the works had to be recommenced every year. The first 

operation was taking down a machine called the ‘Samson, invented in 

Alderney. This was like a railway turn-table on wheels, with balks of timber 

76 feet long, placed across and over-trussed ; one end, which projected past 

the side of the table farther than the other, was called the jib, and at the 

other end was the balance-weight. A double-purchase crab was fixed in the 

centre, which worked a chain over a travelling sheave near the end of the jib ; 

and the whole revolved on the under frame. The gauge was 15 feet: just the 

space left between the travellers or gantries spanning the sea and harbour 

walls. This machine was capable of lifting a weight of 4 tons in the water 

at a distance of 30 feet from the outside edge of the turn-table. The first 

operation was to stretch the jib outside the end of the previous season’s work, 

the foreman labourer standing on the outer end. This man held a copper wire 

attached to a large cast-iron plumb-bob, which, at slack tide, be let down to 

the place where the first pile or upright of the stage was to stand, and at this 

spot a helmeted diver excavated a hole in the bank to receive the pile, to the 

end of which was fastened a stone weighing 15 cwts. When the hole was 

excavated to the required depth, the divers retired, and the pile was lowered 

by the Samson into its place. Four piles were set in a row 30 feet apart, and 

longitudinal-trussed beams, 2 feet 4 inches by 1 foot 2 inches, were placed from 

pile to pile and formed a bay of staging, which consisted of 1050 cubic feet 

of timber and 3 tons 8 cwts. of wrought iron in trussed rods, knees, bolts, 

straps, etc. The carpenters erected a bay of staging in a week. When the 

stage had advanced seawards three lengths or bays, six travellers or gantries, 

each capable of lifting 20 tons, were taken down the wall—an operation per- 

forraed by the carpenters generally in one day. The gantries spanned the sea

1 Min. Proc. Inst. C.E., vol. xxxvii. p. 87 et seq.
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and harbour walls, and the space between was occupied by two lines of railway 

for conveying men and materials ; and in this way the whole width of the top 

of the stage, viz., 70 feet, was occupied.

“ About the middle of May in every year the first block was lowered by the 

helmet divers’ gantry to its place. The helmet divers’ stage was suspended 

by iron rods from the beams of the main stage, and hung about 10 feet below 

it. To this stage wrought iron ladders were attached for the convenience of 

divers descending to their work. Six divers were under water together—four 

on the seaside and two on the harbour side. They remained down four hours 

at a time, when there was a shift; and there were three shifts in the day. 

The life-line men and pumpers remained on the work all day, but the pumpers 

were relieved every half-hour. The divers’ apparatus and the stage were 

removed every night, so treacherous was the sea, for even in summer it was 

not safe to leave anything at the level of the divers’ stage; but at the height 

of the main stage, 10 feet higher, or 20 feet above high water, the sea seldom 

disturbed anything. The mode of bringing the work up was by taking 

advantage of the spring tides ; thus it was expected of the divers that, in a 

fortnight, they would bring the diving work up to the level of low water, for 

a distance seaward of 60 feet, ready for the masons. Whatever excavation 

was required for the lowest course, it being a great deal more at some times 

than others, or however rough the sea had been, the divers never failed to 

prepare a length of 60 feet ; but they frequently went down a second time for 

an extra shift to accomplish this. The average day’s work of a diver in the 

year 1860 was 8J cubic yards of building; in 1861 it was 11 cubic yards; and 

in 1862 it was 14 cubic yards. Their work was excavating foundations, 

receiving the granite face-stones for the sea-wall, and setting the granite and 

concrete blocks of the sea and harbour walls. The stones and blocks were 

speedily lowered by a single chain 45 feet from the top of the stage by the 

gantry crabs and a rope-break. This latter was a piece of rope, with rope 

yarn twisted round, made fast to the frame of the crab and then fastened to 

the pinion shaft of the single and double gear. The chains employed were of 

the best charcoal iron ^ inch thick, and they were only used for two seasons.

“ The divers’ work being ready for the masons, to the level of low water of 

spring tides, two days before full or new moon, the resident engineer gave 

orders to commence setting the face-stones in cement, if, in his opinion, the 

tide fell low enough ; otherwise he could stop the works. The masonry of the 

breakwater on the sea face was of granite and native Alderney stone • on the 

harbour side it was of native stone, and the space between was filled in with 

backers and small rubble. The backers were as large as the machinery would 

lift, and were set in Medina cement and sand, in the proportion of 1 part of 

cement to 2 parts of sand. Sand suitable for building occurred in abundance 

in the island. No better cement could have been had for the purpose, for 

very often the masonry, ten minutes after it was built, was covered with water. 

No large stock of cement was laid in, as its quick setting qualifies were 

impaired by time. The masons endeavoured to keep the work done at each
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tide ns long as possible ont of the water, and to get a course closed up in one 
operation. When the masoury had been brought up three courses, the tide 

was considered to be mastered. The helmet divers had two gantries ap- 

propriated to their work, and the masons had four. The masons came out at 
noon and at midnight, and it was always low water at that time; therefore 
nearly half of the wall above low water was built in the night. The average 
day’s work for each mason was 6| cubic yards, and no piecework was 

permitted.”
The diving work was always ended in August, and the building up to the 

quay level in September, while the promenade was generally finished before 

Christmas. The rate of progress gradually increased from 300 linear feet to 

600 linear feet of wall per annum.
Mole or Jetty at Zeebrugge.1—The outer portion of the jetty at 

Zeebrugge is constructed in solid concrete, and it has a foundation composed
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of monoliths, or blocks, 82 feet long by 24J feet wide in the portion flanking 
the quay, and by 29t feet in the portion beyond, the heights ranging from 

23 feet to 30 feet according to the level of the foundation bed.
These concrete blocks are inclosed in an iron framework caisson, which 

served as an outer shell. The plating in sides and floor is j inch thick. 

Lattice beams 3| feet high stillen the bottom ; eighteen frames strengthen 

the sides; and on the underside is a rim or edge 18 inches deep.
The caissons were manufactured in the workshop adjoining the site, the 

various parts being conveyed to the block-yard at the inner harbour by means 
of railway trucks, from which they were unloaded by an overhead land 

traveller or gantry.

1 Vide “ Les Ports et le canal maritime de Bruges,” par M. L. Coiseau. Mémoires de la 
Société des Ingénieurs civils de France. Bulletin de décembre, 1904.
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This land traveller was a kind of movable bridge running on a double 

track. Its extreme span was 220 feet, the length comprised between the 

supports being 66 feet, and the two cantilever arms 66 feet and 88 feet 

respectively. It served five rows of caissons.

The caissons were put together on wood blocks or packings, but, as soon 

as the rivetting was finished, these were removed and the caissons lowered to 
the ground.

At this point, concreting work was put in hand, commencing with the 

fioor. The concrète was composed of 3 parts of broken stone, 3 parts of sand, 

and 12j Ibs. of Portland cement to the cubic foot. It was mixed by an 

electric motor mixer, served by a crane which lifted a box coiitaining the dry 

ingrédients and tipped them into the hopper of the mixer. Hence there was 

a graduai sliding progression into and through a cylinder working with a 

rotary movement and slightly inclined. The materials were turned over and 

mixed—dry throughout one-third of the length and wet throughout the 

remaining two-thirds, the water being administered through a central 

perforated tube. The output could be regulated at will.

By the time the concrete had reached the extremity of the cylinder, it was 

thoroughly incorporated and all the stone well bedded in mortar. It was 

then allowed to fall into compartments on small wagons, and conveyed along 

double tracks on to a traveller of the same form and range as that already 

described. The wagon boxes were tipped into shoots attached to the traveller, 
and set over the caissons.

While the concrete work of the floor of a new block was in hand, a large 

framework “ mould-stripper,” consisting of a stage resting 011 strong cross- 

beams supported by two upright frames the same distance apart as the frames 

of the concrete mixer and running over the same track, removed the moulds 

from the blocks previously finished, with the assistance of two electrioally- 
worked derrick cranes.

The concrete mixer next turned back and concreted the partitions, 

and, this being done, both it and the mould stripper were free for another 
block'.

The blocks, as was remarked, were constructed in the inner harbour and a 

branch dock, which was emptied for the purpose of these extension works. 

As soon as the new lock and its entrance channel had been completed, water 

was again admitted, and the blocks, being finished, were ready to be towed to 
their allotted positions.

The first block was set in place on 20th May 1900, and two others 

succeeded it before the end of the year. The work was then interrupted by a 

severe storm on 27th January 1901, and was not resumed until 20th October 

following, in conséquence of the damage which accrued to a framework jetty 

connecting the mole with the shore.

The operation of setting the blocks in position was as follows :_

In the first instance the blocks, as stored in the inner harbour, were allowed 

to fill with water to keep them stationary. Their sides projected from 15 to
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30 inches only above the surface. When about to be moved, they were 

emptied by a centrifugal pump, which was inclosed in sheet iron casing to 

protect it from the water, for it had to be sunk below the surface to avoid the 

necessity of charging it. As the process of evacuation proceeded, two rows of 

props or stays were inserted in the caisson at right angles to the sides at 

each counterfort. These stays were destined to resist the external pressure 

of the water, the side walls of the caisson being insufficiently strong in 

themselves.

Next was placed on top of the 

caisson a stout log of tiniber 60 feet 

long and 15J inches square, and it was 

firmly secured to anchorages in the 

concrete. The object of this was to 

assist the alignment of the caisson.

Two longitudinal timber walings 

were placed along the sides of the 

caisson and connected by through 

bolts, forming transverse ties. This 

was necessary to strengthen the side 

walls in case of an excess of internal 

pressure, and to prevent them from 

yielding outwards in case of invasion 

by waves in a rough sea.

Finally, a huge steel cable en- 

circled the caisson and formed a 

means of attachment to the tug.

The block was thus in every 
««, «quipped »d ready for tarage. F». 1M--Sg^ 

It fioated easily. The hollow spaces 

in its interior were adequate to counter-balance the weight of the concrete 

and framing, and to permit it to emerge from 2 feet to 2 feet 6 inches out 

of the water.
It was towed through the lock by a tug of 300 H.-P. At the outer gates 

a second tug of the same power placed itself in tandem. In the open water a 

third tug joined the rear of the procession so as to prevent the block from 

yawing. Departure took place about the time of high water. At this time 

the flood current is still very strong, and the caisson presenting its broadside 

thereto tended to be drawn in a direction away from the jetty. About an 

hour and a half was necessary for each journey.

It was found that on the way the caisson often shipped quantities of 

water, and so wood coamings were provided to inerease the freeboard and 

prevent the incursion of waves. This was the more necessary during that 

period of the work when the roadstead was very exposed. As the work pro- 

gressed, more and more shelter was obtained, and the blocks were finally able 

to travel in perfect tranquillity.
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When a block had reached the extremity of the finished portion of the 

jetty, one end of it was moored up thereto by cables which led back to 

winches on the jetty, and the flood-tide commencing to slacken, the block was 

gradually swung round by the tugs and brought into proper alignment. Its 

position was accurately determined by two guiding elements: one, on the 

right hand, the long beam already alluded to, and arranged so as to bear 

against the jetty structure ; the other, on the left, at the outer extremity, an 

enormous truncated cylinder of concrete 13 feet high, weighing 55 tons and 

resting on the sea bottom.

As soon as the slack of the tide arrived—it only lasts a little more 

than a quarter of an hour,—the plugs which closed three orifices in the 

sides of the block were removed, and water flowed into the interior of the 

caisson, which gradually foundered. The process of sinking was often 

hastened by the water pouring over the side walls until the caisson finally 

disappeared from view amid a swirling sea. The sight was remarkably 

impressive.

The caisson reappeared above the surface at low water, when 3 feet or so 

of it became visible. It was freed from its temporary strutting, guide beam, 

and moorings.

The filling in of the compartments with concrete commenced immediately, 

and was continued to conclusion without cessation, except during the period of 

strongest tidal run towards high water.

The concrete was manufactured in a yard situated at the juuction of the 

jetty with the shore. At this point were assembled immense banks of gravel 

from the Rhine, and quantities of Portland cement from Cronfestu, Niel, 

Tournai, and Les Laumes. The stores for the cement consisted of three 

galvanised iron buildings, covering a superficial area of nearly 1100 square 

yards.

Four electric concrete mixers, each manufacturing 260 cubic yards of 

concrete per day, were located at each side of the stores ; they were fed by 

an electric crane, and water was laid on to each from a water tower.

Suitable sidings permitted waggons carrying skips to present them­

selves under the shoots of the concrete mixers. The gravel and cement 

duly measured were deposited in layers in these skips; the crane lifted 

the skips, swung them, and emptied their contents into the hopper of 

the mixer.

The completed concrete was discharged into skips holding 12 cubic yards 

each. These were carried on special trucks drawn by ropes from electric 

capstans.

When four skips had been marshalled, a locomotive took them in charge 

and conveyed them to the extremity of the jetty. Here a Titan crane or a 

pair of sheer legs lifted them from the trucks, carried them over the caisson, 

and lowered them to the bottom, where they were automatically discharged 

without loss or disturbance. After each discharge the skip was withdrawn 

and replaced on the waggon.



Fig . 151. —Sinking a Caisson at Zeebrugge Harbour Works.

-^^ii»^ X“

Fig . 152. — Titan at Zeebrugge Breakwater. [To face p. 178.
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Upon the foundation course thus prepared was raised the body of the 
jetty, which comprised three courses of concrete blocks, each 16J feet long, 
8| feet broad, and 6| feet high, weighing 55 tons. The concrete of which 
they were composed was rather richer in cement than that previously 
described, in that it contained 14J Ibs. of 
cement per cubic foot instead of 12| Ibs.

Breakwater at Cette.—New spurs 
extending the existing breakwater at this 
port at each extremity of its length were 
constructed between the years 1881 and 
1895. The foundation is of a very shifty 
nature, being sand exposed to considér­

able scour. Such action inevitably tends 
to settlement and dislocation in any struc­
ture built upon it. Still, the problem 
had to be faced, and the system adopted 
was as follows. Upon the treacherous base 
was deposited a mass of small riprap and 
rubble, the pieces ranging up to a weight 
of 440 Ibs. and forming a core about 80 

feet wide by 13 feet thick (fig. 153). 
Above this there is a layer, one-half that 
thickness, of larger rubble, the largest lumps 
of which attain a weight of 4 tons each. 
This layer extends seaward of the riprap 
core for a distance of about 60 feet, and 

thereon is laid in regular horizontal courses 

artificial blocks having a volume of 700 

cubic feet each.
The blocks were laid by floating der­

ricks, and were so placed as to have 
their longitudinal axes perpendicular to the 

line of the breakwater. They are not 

in actual contact with one another, but 
the spaces of 24 or 30 inches between 
them have been filled up with masonry 

and concrete so as to form an unbroken 

front.
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The lowermost two courses of blocks, however, on the sea side were simply 
tipped into position, the upper surface being roughly levelled by means of 
rubble filling. Altogether, the blocks were not adjusted with the precision 
which is characteristic of similar breakwaters elsewhere — at Genoa, for 

instance.
At first it was intended to surmount the whole structure with a blockwork

parapet, but this idea was abandoned, as the addition would probably have
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reacted detrimentally upon the stability of the onter slope by increasiug the 

recoil of the waves. As it is, the sea overrides the breakwater in rough 

weather, and this, combined with an unstable foundation, produces movements 

in the outermost blocks. Voids are created, and these have to be filled with 

fresh blocks tipped as closely as possible into position. Hence, the seaward 

face is losing, to a very large extent, its arrangement in regnlar courses, so that 

the desirability of creating, or of attempting to maintain, anything of the kind 

with detached blocks in an exposed position, is open to question.

The cost of depositing the blocks was as follows: —

Tipped overboard, 57s. per block.

Set without regulär coursing, 78s. 6d. per block.

Set and coursed regularly, 92s. 4d. per block.

The cost of the breakwater complète ranged from £75 to £90 per foot 

run. The cost of replenishing the blocks on the outer slope forms a current 

charge of about eight guineas per lineal yard per annum.

Scate oF Feet.

Fig . 154. —Section of West Mole at Genoa.

Breakwater at Bilbao. —The protection works in Bilbao Bay, at the 

mouth of the River Nervion, afford an illustration of the method of con­

struction by caisson monoliths. The example is the more interesting in that 

the original design for the breakwater was very materially modified under the 

severe experience gained in the course of its formation.

The original design is shown in fig. 155. It comprised all the features 

associated with breakwaters of the mixed type, viz., an inner core of small, 

with an outer layer of large, rubble stone surmounted by large conerete blocks 

deposited at random, upon which was to be erected a superstructure of mass 

conerete with blockwork facings, and an upper parapet wall. The foundation 

consisted of mud and sand except in the parts immediately adjacent to the 

shore where the rock was exposed. The artificial blocks contained from 40 to 

65 cubic yards each, and brought the level of the work up to low water line 

of equinoctial tides. Begun in 1888, the substructure was allowed to settle 

for a couple of years before any additional weight was imposed upon the 

foundation.
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In 1891 the superstructure was commenced, and in 1893 indubitable 
evidence was given of the prejudicial, and even disastrous, influence which it 
exerted upon the breakwater as a whole. The waves striking against the 
vertical face of the wall fell back with great force upon the top of the mound, 
disturbing the blocks and laying bare the rubble core, which was then easily 
washed away. The experience was renewed and confirmed in the following 

year by a storm which has already been alluded to.

Accordingly, a change of plan was decided upon. The superstructure was 
commenced at a level of 16| feet below its former level. Most probably this 
in itself would have been insufficient to secure immunity from undermining, 
resulting from the collapse of waves and their back-draught, had there not 
been additional shelter afforded by the setting back of the line of the wall

Equinoctia! Low

Small 

Rubble <

Equinoctia/ Hiqh Water

Large Rubble 

Small Rubble

Plan oF Caisson.

Design Ultimately Adopted

2000 102030 4050 60 70 80 80^0

Sca/e oF Feet:

Fig . 155. —Sections, Bilbao Breakwater.

nearly a couple of hundred feet from the seaward face of the artificial blocks 
of the original breakwater, which latter thus constituted a sort of advance 
guard or outlying defence. The breakwater, in fact, was practically 
duplicated with a block mound in front and a wall at the rear, as shown in 
fig. 155. The space betweeu the two (about 100 feet) not only reduced the 

force and violence of the waves, but it also afforded some constructional con- 
venience by providing room for a tugboat to work and facilitate the building 

of the wall.
To render the wall as solid and homogeneous as possible, it was decided to 

build it with the aid of framed and plated caissons. The dimensions adopted 
for these were 42 feet 6 inches long by 23 feet wide by 23 feet deep. The 
weight of the caissons was 30 tons, and they had a light draft of 12J inches ; 
but before actually towing them into position (they were constructed on the 
river bank), they were ballasted with a layer of Portland cement concrète 
5 feet thick, which inoreased the draught to a little over 11 feet. When
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sunk in position, they afforded a margin of 6 feet 6 inches above low-tide 
level. The material of the caissons was Bessemer steel in plates | inch thick, 
strengthened internally by longitudinal and transverse bulkheads of lattice- 
work so as to form six equal compartments. In each of these compartments 
were subsequently placed two concrete blocks of about 40 cubic yards volume.

The rubble work bed on which the caissons were to rest was levelled 
ready to receive them through the agency of a diving-bell. The time occupied 
in this operation varied from one to two days. The caisson, having been 
ballasted, as already stated, was then towed into position during the last two 
hours of an ebb-tide, so as to allow as much time as possible for its]adjust- 
ment and settlement. Sinking was effected by pumping water into the

Plan

Fig . 156.—Bilbao Breakwater, showing Titan and Caisson.

interior of the caisson through a centrifugal pump suspended from a Titan 
crane and worked by an electric motor. If irregular settlement took place, the 
action was reversed and the caisson refloated until its misplacement had been 
rectified. Once truly placed, eight or ten 40-cubic-feet blocks were deposited 
in the compartments of the caisson by the same crane. This generally 
absorbed the whole of the time available on the tide. The following tide, 
after pumping out the caisson, the remaining blocks were deposited and 
liquid concrete was run in between them and the others with a solid layer, 
20 inches thick, covering the whole.

During the third period of low water the superstructure was taken in 
hånd. It consists of two facings of concrete blocks, approximately 13 feet by
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o f se ttlem ent h ad  b een  o b ta in ed . T h is w as co n sid ered  to h av e b een ach iev ed  

afte r th e  lap se  o f a  co u p le o f w in ters . F ro m  th e m o m en t a ca isso n  w as firs t 

p laced to  th e  co m p le tio n o f th e  su p erstru c tu re, th e  se ttlem ent av erag ed  ab o u t 

8 in ch es. U n d er th e lo ad an d v ib ra tio n o f th e T itan cran e se tting b lo ck s  

fu rth er seaw ard , an d  u n d er  th e  in flu ence o f w in ter sto rm s, a  fu rth er se ttlem ent 

o f 1 6 in ch es to o k p lace , m ak in g 2 4 in ch es in a ll. W h en th is h ad b een  

rea lised , th e jo in ts b etw een th e ca isso n s, w h ich w ere 1 2 in ch es w id e , w ere  

m ad e  g o o d w ith  cem en t co n crete , an d  th e  p arap e t w all w as b u ilt.

T h e  to ta l am o u n t o f th e  co n trac t w as éq u iv a len t to £ 9 6 2 ,7 5 6 , an d , as th e  

len g th  o f th e  b reak w ater is 4 7 5 7 fee t, th e co st w o rk s o u t to £ 2 0 3  p er fo o t 

ru n . T h e  q u an tifies o f m aterial in  a  ca isso n len g th (4 2 feet 8 in ch es) w ere  

as fo llo w s :—

C u b . y d s. C u b . y d s.

( B o tto in  b allast 4 2  fee t 8  in ch es  x  2 3 fee t x  4  fee t 1 1 in ch es=  1 7 8 '5 4

g ) T w elv e  b lo ck s each  3 9 '4  cu b ic  y ard s . . . 4 7 0 ’8 8

) F illin g -in  co n cre te .....  1 8 0 ’2 0
O  ( S tee l b u lk h ead s  an d  tirn b er stru ts . . . 3 '5 5

-------- 8 3 3 '1 7

S u p er- f E ig h t b lo ck s, each  3 9 ’2 4  cu b ic  y ard s  . . 3 1 3 ’9 2

stru c tu re . 1 F illin g -in  co n cre te ....  1 6 6 ’7 7
1  -------- 4 8 0 ’6 9

T o ta l . . . 1 3 1 3 '8 6

S ay  1 3 1 4  cu b ic  y ard s in  a ll.

B reak w ater a t B izerta .1— T h e  ty p e o f stru c tu re  p rim arily  ad o p ted  a t 

B izerta fo r th e  con verg in g  je tties  a t th e en tran ce to th e p o rt, b u ilt b etw een  

1 8 8 9  an d 1 8 9 5 , w as th e ru b b le m o u n d , co n sistin g o f a  co re o f pierre perdue 

o f a ll sizes, su rm o u n ted an d p ro tec ted o n th e sea face b y a rev e tm en t o f 

n atu ra l b lo cks o f la rg e size. T h e site is n o t so  ex p o sed to v io len t g ales as are  

o th er p laces o n  th e  n o rth  co ast o f A frica , an d th is sy stem  o f co n stru c tio n w as  

fo u n d  to  an sw er v ery  sa tisfac to rily . U n fo rtu n a te ly , th e lo ca l sto n e (a  m arly  

lim esto ne o f p o o r  q u ality , flak in g  rap id ly  in  salt w ater) w as o f su ch  a  ch arac ter  

as n o t to  co m m end  itse lf fo r fu rth er u se , an d  a  co m p lé té d ep artu re in d esig n  

w as m ad e in d ea ling  w ith th e  n ew  b reak w ater an d  th e ex ten sio n o f th e  n o rth  

je tty , th e  fo rm er o f  w h ich  h as  a  len g th  o f 2 0 0 0  fee t, an d  th e  la tter o f 6 6 0  fee t.

T h ese w o rk s, as sh o w n in fig . 1 5 7 , w ere carried o u t b y  m ean s o f m eta llic  

ca isso n s w ith m o v ab le u p p er w o rk s, fo rm in g  u ltim ately  h u g e artific ia l b lo ck s  

faced w ith  m arb le , w h ich  w ere la id  u p o n  a m ass o f m isce llan eo u s rip rap  a t a  

lev e l o f 2 6 feet b elo w  lo w  w ater. T h e b lo cks m easu red 1 0 2 fee t b y  2 6 | fee t 

b y  2 6 | feet cu b in g a t 7 0 ,0 0 0  fee t, an d h av in g a w eigh t o f 5 0 0 0 to n s each . 

T h ey  w ere  se t w ith  g rea t p rec isio n , an d o n ly tw o b lo cks o u t o f tw en ty -th ree  

v aried  p ercep tib ly fro m  th e  ex ac t line . T h e  se ttlem en t, av erag in g  2 7  in ch es, 

w as v ery reg u lar th ro u g h o u t. T h e  slo p es o f ru b b le , h o w ev er, in ten d ed  to  b e

1 D e  Jo ly  o n  B reak w aters , Min. Proc. Tenth Int. Nav. Gong. Milan, 1 9 0 5 .

I
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5 to 4 on both sides, had to be reduced 011 the sea face to 5 to 2, and a further 

modification of the original design was the extension of the riprap 011 the port 

side so as to afford an additional 16 feet of base. The original and modified 

outlines are shown in the section. The work was completed in 1903. Un- 

fortunately, the subséquent history of the breakwater has not been free from 

disappointing incidents M. de Joly reports as follows : —

“ In spite of their great size the artificial blocks are not absolutely stable. 

A north-westerly storm which occurred in February 1904, destroyed the 

regularity and symmetry of the breakwater in a few hours : not only did the 

blocks settle unevenly and cant slightly towards the interior, but some of 

them becaine wedged in after pivotting about their western ends. The 

displacement of the eastern ends amounted to as much as 6 inches, giving an 

angular slew of ^j^.

“ An attempt was made to avoid any return by coucreting up the vertical

Fig . 157.—Section of Bizerta Breakwater.

joints, which occur every 100 feet or so; simultaneously the interior slope was 

strengthened as previously described.

“The filling of the joints was just about finished when, at the end of 

November 1904, a storm arose from the east and occasioned further important 

dislocations. All the joints were split and some of the blocks seriously 

damaged. Fears are entertained that any subsequent storm will so increase 

these injuries as to completely fracture the joints and split the blocks 

vertically.

“ It seems evident from the November experience, which is different from 

that of the February one, that the width of 26 feet 3 inches is somewhat 

insufficient for a 5000-ton block under existing circumstances, and that 

undoubtedly it would have been preferable to increase the width to say 

33 feet, leaving the vertical joints between the blocks open so as to allow 

of settlement freely without tension or shear. Also, it may be questioned 

whether it would not have been a better plan to make the topmost layers of
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riprap of harder material, which would more effectively resist crushing and 

grindiug under the combined action of the weight of the blocks and the shock 

of tlio waves.”

The cost of tlie earlier type of breakwater (rubble mound, with the same 

superstructure as that in fig. 157 above the caisson block) was .£142 per 

linear yard, while the cost of the later caisson type was £182 per yard.

Breakwaters and Piers at Dover.1—The breakwaters and piers are 

formed of concrete blocks of from 26 to 40 tons each, according to the 

exigcncies of the bond to which the work conforms, and the average weight 

throughout may be taken at 32^ tons. The blocks were built, in the yard, 

of 6 to 1 concrete, and those for face-work have granite fronts. All the 

blocks from foundation level upwards are bonded and dowelled with 4 to 1

Flos. 158, 159. —Sections of Breakwater at Dover.

concrete dowels of circular section, while above low water the courses are 

bedded and grouted in cement.

The blocks were set by means of Goliath overhead travellers running on 

temporary staging. In the case of the Admiralty works, the roads on the 

stagings were 27 feet 6 inches above high water of spring tides and 46 feet 

3 inches above low water. The piles were arranged in trestles or clusters of 

six to form spans of 50 feet 3 inches, and the Goliaths, both on the stagings 

and in the workyards, were all of 100 feet gauge.

The system of operations, carried on simultaneously, was as follows. At 

the outer end of the work was a stage-erecting machine, followed by a Goliath 

crane working a grab; then a second Goliath, from which the diving-bell was 

worked. Following this came a third Goliath, setting blocks under water; 

and behind that, a fourth, setting blocks above low-water level.

The diving-bells used on the works were 17 feet 6 inches by 10 feet, with 

6 feet 6 inches headroom. They weighed about 35 tons out of water, and

1 Vide Matthews on Harbours, Trans. Am. Soc. C.E., vol. liv.
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5 tons when submerged. They were fitted with the electric light and 

telephonic communication, but it is recorded that the men preferred 

mechanical signals.

The foundations generally were carried from 4 feet to 6 feet into the 

chalk and flint bed, and were protected from the abrading action of sea 

currents on the outer face by an apron of concrete blocks 25 feet in width.

Excavation for foundation work was carried out by grab-dredging down to 

within 12 inches of the finished level, and the remaining material removed by 

the aid of bell-divers. Four men were engaged in the bell, excavating and 

finishing the foundation ready to receive the lowermost course of blocks. 

Each shift was of three hours' ’duration, and two shifts per diem were generally 

worked by the men. When the weather was favourable, work was con­

tinuons, night and day.

The greatest depth of the foundations is 53 feet below L.W.O.S.T., the 

average depth being 47 feet. There was thus an average working head of 

66 feet at H.W.O.S.T., corresponding to a pressure of 29 Ibs. This head has 

been found to be a maximum for working under comfortable conditions; on 

several occasions, when the depth was exceeded for a short period, incon- 

venience was experienced from the extra pressure.

Very excellent plant was provided by the contractors for the préparation 

of the concrete blocks. In the workyards six electric portable concrete 

mixers were used, each capable of turning out about 100 cubic yards of 

concrete a day. The mixers were of the Messent type, revolved by a motor 

of 18 H.-P., and driven from the point where the aggregate was received to 

the block moulds where the finished concrete was deposited, by a 25 H.-P. 

motor. The gauge of the mixers was 11 feet 7 inches.



CHAPTER VIII.

PIERHEADS, QUAYS, AND LANDING-STAGES.

Importance of Pierheads—Forms adopted—Main Features—Lighthouses and Harbour 
Lights—Examples of Pierheads at Toulon, Sunderland, and Pillau -Quays —Landing 
Slipways—Stairways and Ladders—Spending Beaches—Entrance Booms—Landing- 
stages: Fixed and Floating—Pontoons—Conditions of Stability—Centre of Buoyancy 
and Metacentre—Case of Semi-immersed Pontoon—General Case—Case of the Ballasted 
Pontoon—Internal Stresses in Pontoons—Liverpool Landing-stage.

Importance of the Pierhead.—Whatever the relative exposure of other 

parts of a mole or breakwater, there can be little doubt that its termination 

—the pierhead as it is called—is subjected to experienoes considerably more 

trying than any which fall to the lot of maritime structures in general. To begin 

with, it is unfavourably situated; and, in the second place, it is still more 

unfavourably adapted to its position. Exposed on three sides out of four, it 

is called upon to withstand and repel the most powerful subversive agencies 

without that uninterrupted lateral support which constitutes so important 

and valuable a mainstay of the breakwater proper. The absence of this support 

renders it a matter of the utmost moment to make a pierhead thoroughly self- 

sustained and independent—to treat it, in fact, as a perfectly detached and 

isolated structure, capable of resisting, unaided, all external influences ; for 

in its downfall is involved the destruction of more than is contained within 

its own limits. The pierhead removed, the section of the breakwater immedi- 

ately adjoining it has its security materially impaired, and becomes practically 

defenceless. It enters into that precarious condition which is inséparable from 

a “scar-end,” and the area of damage may be almost indefinitely extended. 

The pierhead. therefore, should be looked upon as the keystone of a 

breakwater’s stability.

In itself, the pierhead may possibly not exhibit to the eye any specially 

marked features of height or width—many minor structures do not; but 

whether these features be in evidence or otherwise, the necessity for greatly 

increased strength and powers of resistance cannot be gainsaid. As a matter of 

fact, most moles and breakwaters of any importance are equipped with prominent 

pierheads of striking outline and substantial construction. There are several 

reasons why this should be the case. Not only do pierheads, as a rule, project 

into deep water, demanding a broad and extended base to ensure correspond- 

ing stability, but they have also special functions to discharge, which require 
187
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a certain individuality of treatment. They serve to mark the entrances to 
ports and harbours, and should therefore be clearly and readily recognisable. 
It is to be noted, in this connection, that they also run the risk of collision 
and impact with passing vessels. At night-time, and in misty weather, an 
entrance, especially if at all narrow, should be efficiently lighted, and, to this 
end, pierheads are often furnished with a lantern, fixed either to a mast or 
mounted on a platform, or set in a lighthouse.

Pierheads, therefore, demand consideration from two different aspects : (1) 
as outlying works in particularly exposed situations, requiring special pré­
cautions in regard to design and construction ; and (2) as a means of guidance 
and direction to vessels entering a port, more especially in times of stress and 
heavy weather.

Form of Pierheads.—With respect to the former point of view, there 
are, in the first place, strong reasons for conferring upon a pierhead a shape 
which, in plan, is symmetrical about a point or axis. Accordingly, the ends of 
many moles and breakwaters are expanded as already stated, and given some 
geometrical form—circular, square, octagonal, rectangular, hammerhead, etc., 
as the case may be. Of these, the circular may be claimed as the most con- 
venient shape, from the point of view of manæuvring vessels, it being easier, 
in case of necessity, to warp a ship round a continuons curve rather than to 
swivel it through an entire quadrant. The widening of the pierhead, how- 
ever, somewhat interferes with the working of vessels alongside an inner quay, 
though, on the other hand, it serves to cut off any strong flow of current 
which might endanger the vessels moored there.

(1) As regards intrinsie stability, a pierhead should be, as far as possible, 
homogeneous throughout, without joint or intersection. This is not always a 
Îeasible arrangement, nor in any case easy to achieve. There can be no 
doubt, however, that an ideal pierhead would be one of the nature of an 
enormous monolith. For the purpose of constructing such a monolith, a 
buoyant caisson chamber of the type which has already been described 
(p. 175) is often constructed, floated into position, sunk, and filled with 
concrete. Another method is to form an outer ring or boundary, of large 
blocks securely anchored together, and to deposit mass concrete in the 
interior. In this instance, it has been found essential to introduce a number 
of cross ties passing right through the ring, to prevent the blocks from being 
disturbed under the temporary fluid pressure of the concrete.

Yet another method is the driving of an outer ring of sheeting piles, either 
of timber or steel, to form the necessary inclosure. But this operation is 
attended by some difficulties. The satisfactory alignment and driving of piles 
is not always accomplished with facility, even when the work is straight- 
forward and the conditions favourable. With both these factors acting in an 
adverse sense, the likelihood of a successful issue is more remote. Curvilinear 
work in piling is a particularly awkward undertaking.

One word of caution is very necessary on the undesirability of forming 
anything of the nature of a terrace, or level platform, at the foot of the
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s u p e r s t r u c t u r e .  T h e  w a v e s  w i l l  a c t  u p o n  t h e  u p p e r  s u r f a c e  o f  s u c h  a  l e d g e  

w i t h  d i s a s t r o u s  e f f e c t s ,  b o t h  t o  t h a t  a n d  t o  t h e  r e c e s s e d  p i e r h e a d  o f  w h i c h  i t  

i s  a  p a r t .  T h e  l a t t e r  t e n d s  t o  b e c o m e  u n d e r m i n e d  i n  t h e  m a n n e r  i l l u s t r a t e d  

b y  t h e  p i e r h e a d  a t  P i l l a u . 1  T h e  b e s t  f o r m  o f  p i e r h e a d  i s  t h a t  w h i c h  p r e s e n t s  

a n  u p r i g h t  f r o n t  t o  t h e  s e a  o n  a l l  s i d e s ,  w i t h o u t  b e n c h i n g  o r  r e c e s s e s  o f  a n y  

d e s c r i p t i o n .

B y  m a k i n g  a  p i e r h e a d  p e r f e c t l y  s e l f - c o n t a i n e d ,  t h e  p r o b l e m  o f  c o n n e c t i n g  

i t  b y  a n y  s y s t e m  o f  b o n d  w i t h  t h e  b r e a k w a t e r  p r o p e r  d o e s  n o t  a r i s e .  O n  

s e v e r a l  g r o u n d s ,  a n d  e s p e c i a l l y  i n  r e f e r e n c e  t o  b r e a k w a t e r s  l i a b l e  t o  c o n s i d é r ­

a b l e  s e t t l e m e n t ,  i t  i s  d e s i r a b l e  t h a t  p i e r h e a d s  s h o u l d  n o t  b e  i n v o l v e d  i n  a n y  

m o v e m e n t  o f  t h e  a d j o i n i n g  p a r t s .  T h e r e f o r e ,  w h i l e  t h e  b r e a k w a t e r  a n d  i t s  

p i e r h e a d  m a y  b e  a n d  c o m m o n l y  a r e  i n  c l o s e  c o n t i g u i t y ,  t h e r e  s h o u l d  b e  a  

v e r t i c a l  j o i n t  b e t w e e n  t h e m ,  r e n d e r i n g  t h e m  i n d e p e n d e n t  o f  e a c h  o t h e r ’ s  

a c t i o n .

( 2 )  As a means of guidance and direction f o r  v e s s e l s ,  i t  i s  d e s i r a b l e  t h a t  

a  p i e r h e a d  s h o u l d  p o s s e s s  s o m e  p r o m i n e n t l y  o u t s t a n d i n g  f e a t u r e .  T h i s  d e ­

s i d e r a t u m  m a y  b e  m e t  b y  a  l i g h t h o u s e  ( f i g .  2 3 0 ,  p a g e  2 6 4 ) ,  o r  m a s t  ( f i g .  1 6 0 ) ,  o r ,  

w h e r e  t h e s e  a r e  n o t  r e q u i r e d  f o r  s i g n a l l i n g  p u r p o s e s ,  b y  a n  e l e v a t e d  p l a t f o r m .

A  l i g ’ h t h o u s e ,  i f  i n  m a s o n r y  o r  c o n c r e t e ,  s h o u l d  b e  s t o u t l y  a n d  s u b s t a n t i -  

a l l y  c o n s t r u c t e d .  C o n c r e t e  w o r k  l e n d s  i t s e l f  a d m i r a b l y  t o  l i o m o g e n e i t y ,  t h e r e  

b e i n g ,  i n  t h i s  c a s e ,  n o  d i f f i c u l t i e s  t o  e n c o u n t e r  s u c h  a s  a t t e n d  s u b a q u e o u s  w o r k .  

M a s o n r y  i s  m o r e  c o s t l y ,  i n  t h a t  b e d d i n g  a n d  j o i n t i n g  d e m a n d  t h e  m o s t  

c a r e f u l  e x e c u t i o n ;  a n d  i n  m a n y  c a s e s  t h e r e  m u s t  b e  i n t r o d u c e d  e l a b o r a t e  

b o n d i n g  c o u r s e s  c o n t a i n i n g  d o v e t a i l s  a n d  k e y s t o n e s ,  a l l  e n t a i l i n g  c o n s i d é r a b l e  

e x p e n s e .  O f  t h e  f o r m s  a d o p t e d  i n  c o n n e c t i o n  w i t h  e i t h e r  o f  t h e  s y s t e m s ,  t h e  

c i r c u l a r  i s ,  o n  t h e  w h o l e ,  t h e  b e s t ,  o f f e r i n g  l e a s t  o b s t r u c t i o n  t o ,  a n d  a s s i s t i n g  

i n ,  t h e  d e f l e c t i o n  o f  b r e a k i n g  s e a s .  A  f l a t  o r  p l a n e  f a c e ,  h o w e v e r ,  i s  c o n v e n i e n t  

f o r  w i n d o w ,  d o o r ,  a n d  o t h e r  o p e n i n g s .

T h e  l a n t e r n  b e i n g  s i t u a t e d  a t  t h e  s u n i m i t ,  t h e  l o w e r  p a r t  o f  t h e  t o w e r  

s h o u l d  b e  u t i l i s e d  s o  a s  t o  a f f o r d  a  s t o r e r o o m  a n d  a l s o  a  s h e l t e r  c h a m b e r  f o r  

t h o s e  w h o s e  d u t i e s  n e c e s s i t a t e  t h e i r  p r e s e n c e  d u r i n g  t i m e s  o f  s t o r m .  S t r e s s  

o f  w e a t h e r  m a y ,  i n  f a e t ,  i n t e r r u p t  c o m m u n i c a t i o n  w i t h  t h e  s h o r e  f o r  s e v e r a l  

h o u r s ,  i f  n o t  w h o l e  d a y s ,  a t  a  t i m e .  A  s p i r a l  s t a i r c a s e  i n  t h e  i n t e r i o r  o f  t h e  

t o w e r  g e n e r a l l y  l e a d s  t o  t h e  l a n t e r n .

P i e r h e a d  l i g h t h o u s e s  m a y  a l s o  b e  c o n s t r u c t e d  o f  s t e e l ,  e i t h e r  i n  t h e  f o r m  

o f  o p e n  f r a m i n g  o r  w i t h  p l a t e  s h e e t i n g ,  a n d  a l s o  o f  a  c l u s t e r  o f  c a s t - i r o n  

c o l u m n s  c o n n e c t e d  b y  t i e s  a n d  b r a c i n g .  V a r i a t i o n s  i n  d e s i g n  a r e ,  i n  f a c t ,  

n u m e r o u s  a n d  a l m o s t  i l l i m i t a b l e .

T h e  l a n t e r n  ( f i g .  2 4 2 ,  p a g e  2 7 2 )  i s  a  g l a z e d  c h a m b e r ,  h a v i n g  a  p e d e s t a l  

o f  c a s t -  o r  w r o u g h t - i r o n ,  a n d  a  f r a m i n g  o f  g u n  m e t a l  o r  s t e e l .  G l a z i n g  i s  n o w  

g e n e r a l l y  c i r c u l a r  r a t h e r  t h a n  p o l y g o n a l ,  a s  w a s  f o r m e r l y  t h e  p r a c t i c e .  T h e  

g l a s s  i s  p o l i s h e d  p l a t e ,  i n  m o s t  c a s e s  |  i n c h  t h i c k .  S p a r e  p a n e s  s h o u l d  b e  

k e p t  h a n d y  t o  r e p l a c e  b r e a k a g e s ,  w h i c h  a r e  l i k e l y  t o  a r i s e  f r o m  b i r d s  f l y i n g  

a g a i n s t  t h e  l a n t e r n  a s  m u c h  a s  f r o m  t h e  e f f e c t s  o f  s t o r m s .

1  S e e  p .  1 9 1
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Fig . 160. —Port Light and Mast.

Where the light is of minor im­

portance and lacks the rotative mech- 

anism which demands a protective 

lantern, a mast (fig. 160) may be 

used for the purpose of elevating it 

to the required focal plane. A steel 

column, tapering in form and fitted 

into a strong cast-iron base, will gener­

ally be used in such cases. The base 

must be securely bolted into the pier- 

head structure. At the head of the 

mast there will be a curved bracket, or 

yard arm, to support the lamp, which 

may be raised or lowered by a chain or 

wire rope, leading to a winch at the foot.

Apart from any guiding signals 

for the night-time, such as the above, 

or for the daytime, sucli as séma­

phores or other indicators, the pier- 

head needs to be equipped for general 

purposes with a capstan or two, with 

snatch - blocks, mushrooms, or fair- 

leads, and also with mooring-posts 

at frequent intervals. Steps leading 

down to the water level should also 

be provided in a sheltered spot. The 

provision of life-belts and life-lines is 

almost too obvious a duty to call for 

mention.

Pierhead at Toulon.—The pier- 

head of the St Mandrier Jetly at 

Toulon has a diameter of 92 feet, 

comparable with the 42 feet width
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of the mole or jetty itself. Its base consists of three courses of masonry 

blocks, set in the form of a circle, and inclosing a space which is filled 

with mass concrete. The base rests upon a rubble-work deposit brought 

up from the sea bottom to within 14 feet of the surface of the water, and 

levelled with great care by the aid of divers. The superstructure is of 

masonry, and consists of a lighthouse with a cellar compartment used as a 

cistern, absolutely water-tight, so carefully was the concrete work carried out.

The pierhead does not actually join up to the jetty ; that is to say, there is 

no interlocking bond. A narrow vertical joint separates the two structures so 

as to remove all possibilities of fracture arising from unequal settlement.

Pierhead at Sunderland.—The pierhead of the Roker pier was formed 

by means of an iron-plated caisson 100J feet long, 69 feet wide, and 26^ feet 

deep. The caisson, containing 3500 tons of concrete, was floated out into 

position with a draught of 22 feet on to a carefully levelled foundation bed 

of concrete bags finished at 23 feet below low water. After being sunk, the 

caisson was built up with 15-ton and 25-ton blocks, mass concrete, and 

cement-grouted rubble, until, when completed, its weight amounted to 10,000 

tons. On top of this, the pierhead superstructure was constructed in block- 

work and surmounted by a lighthouse.

Pierhead at Pillau.1 —The new moles at Pillau were built, during the 

closing quarter of the nineteenth century, to a type whicli is common on the 

Baltic seaboard, viz., that of a rubble mound confined between two lines of 

sheet piling connected by iron ties and having a brickwork superstructure. 

The width at mean water level between the sheet piling is 31 feet, the summit 

width 26 feet, and the height above mean water 10 feet.

Both mole ends have occasionally to withstand very violent attacks by 

the sea. The pierhead structures, therefore, were given enlarged dimensions, 

the width being increased to 46 feet. In plan the termination of the north mole 

exhibits a return in a straight line; at the southern mole, the pierhead front 

forms three sides of a regular hexagon. The superstructures are set back 

from the ends of piled work by 18 feet in the case of the north mole, and 

30 feet in the case of the south mole. The area of the recessed portion in 

each case was paved over with brick to a thickness of 3 feet, forming a sort of 

terrace or platform. The depth of water at the pierheads was 30 feet when 

building operations were commenced. As the piles were driven down to a 

depth of 50 feet below water level, no special rubble apron was deemed 

necessary.
The south molehead was only just completed in the year 1885, when, in 

the month of September, it had to withstand the onslaught of a severe gale, 

which blew for two days from the south-west and north-west, gradually 

increasing in intensity. The whole front portion of the head, the terrace 

work, and a large portion of the sheet piling, were destroyed. Moreover, the 

rubble filling inclosed by the lastnamed, in default of restraint, fell away, 

depriving the superstructure of its support to such an extent that it leaned 

1 Anderson on Prussian Breakwaters, Proc. Pil. Nav. Cony. Milan, 1905
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forward 4 inches out of the vertical, and a deep fissure was formed at its 

junetion with the mole proper.

The cause of this collapse, which has proved most disastrous in its con-

Fio. 161. — Plan of South Pierhead at Pillau.

sequences, is to be found in the great distance separating the superstructural 

from the substructural ends ; in other words, it was due to the terrace. This 

was alternately attacked from below by the pressure of the water penetrating
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through the openings between the piles, and through the interstices in the
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rubble work, and from above by the direct downward stroke of the waves. The 

floor was not m itself strong, and its great estent did not add to its stability 

13
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There must also be taken into considération the faet that the continuity of 

the pavement had been broken by trenches cut to receive the anchorage bars 

of the head. Moreover, there had probably been some settlement in the rubble 

work which it covered. All these causes combined to render it an easy prey 

to the storm, which swept away the floor and battered down the piling, with 

the aid of the loose masses of stone comprising the hearting.

With the front portion of the pierhead reduced to a mere mass of débris

South Pierhead at Pillau.

Condition oF Outlying Blocks in September 1896. 

Sca/e:^

Fig . 163.—Pillau Pierhead—Protection Blocks.

sloping downwards to the sea bottom, it became necessary to devise measures 

for the protection of the superstructure. Any renewal of the destroyed 

portion was out of the question, owing to the impossibility of driving piles 

through the rubble mound. The plan decided upon was to mould and con- 

solidate the mounds into a protective apron.

The ftrst step taken was to deposit a quantity of massive granite blocks 

on the site of the terrace. The level at this point was 3 feet above mean 

low water, and it was annually increased. Up to the year 1891, over



P I E R H E A D S , Q U A Y S , A N D  L A N D I N G - S T A G E S .
'9 5

1 4 0 , 0 0 0  c u b i c  f e e t o f  s t o n e ,  b u l k i n g  f r o m  1 4  t o  3 5  c u b i c  f e e t a - p i e c e , w e r e  

d e p o s i t e d  a n d  f o r m e d  i n t o  a  b e r m e  1 0  f e e t i n  w i d t h , w i t h  a  s l o p e  o f  2  t o  1 .  

I n  o r d e r t o  s e c u r e  t h i s s t o n e - w o r k  i n  p o s i t i o n , l a r g e  b l o c k s , c o n t a i n i n g  

1 7 5  c u b i c  f e e t e a c h , w e r e  p l a c e d  o n  t o p . T h e  b l o c k s  w e r e  m a d e  o f  g r a n i t e  

f r a g m e n t s  a n d  c e m e n t  m o r t a r  i n  t h e  p r o p o r t i o n  o f  1  t o  3  ; t h e y  h a d  a  l e n g t h  

o f  6  f e e t  6  i n c h e s ,  a  w i d t h  o f  5  f e e t ,  a n d  a  h e i g h t  o f  5  f e e t  6  i n c h e s ,  a n d  t h e y  

w e i g h e d  1 2 J  t o n s .

W o r k  p r o c e e d e d  o n  t h e s e l i n e s f r o m  1 8 9 2  t o  1 8 9 4 . A  s t o r m  i n  

N o v e m b e r 1 8 9 4 , h o w e v e r , o n c e  m o r e  w r e c k e d  t h e  p i e r h e a d , d e s t r o y i n g  t h e  

u n c o m p l e t e d  b e r m e  a n d  i t s  c o v e r i n g . A l l b u r r s  a n d  b l o c k s  l y i n g  i n  l e s s  

t h a n  i f e e t 6  i n c h e s  o f w a t e r  w e r e  d i s l o d g e d , a n d  s o m e  o f  t h e m  s w e p t u p  

t h e  s l o p e .

S u b s e q u e n t  m e a s u r e s  f o r  t h e  p r o t e c t i o n  o f  t h e  p i e r h e a d  h a v e  b e e n  d i r e c t e d  

t o  t h e  c o n s o l i d a t i o n  a n d  m a i n t e n a n c e o f t h e  m o u n d , b u t o n  s o m e w h a t  

d i f f e r e n t  l i n e s ,  e x p e r i e n c e  h a v i n g  i n d i c a t e d  t h a t  t h e  l a r g e s t  b l o c k s  f o r m e d  t h e  

b e s t  c o v e r i n g  m a t e r i a l . T h u s ,  i n  a d d i t i o n  t o  a  l a r g e  n u m b e r  o f  t h e  s m a l l e r  

b l o c k s  w h i c h  s e r v e d  t o  f i l l u p  g a p s  a n d  t o  p r o v i d e  a  f l a t s u r f a c e , i n  1 8 9 5  

e l e v e n  b l o c k s  o f 6 3 5  c u b i c  f e e t , a n d  i n  1 8 9 6  t e n  b l o c k s  o f f r o m  5 3 0  t o  

1 ( 6 5  c u b i c  f e e t , w e r e  b e d d e d  o n  t h e  r u b b l e  w o r k  i n  c o n c r e t e  c o m p o s e d  o f  

g r a n i t e  a n d  c e m e n t  m o r t a r .

Y e t  t h e s e  m e a s u r e s  w e r e  a t t e n d e d  b y  n o  b e t t e r  s u c c e s s  t h a n  t h a t  o f  t h e i r  

p r e d e c e s s o r s . T h e  v e r y  l a r g e s t b l o c k s , w e i g h i n g  1 2 0  t o n s , w e r e  s o o n e r  o r  

l a t e r  d i s l o d g e d  b y  s t o r m s  a n d  d r i v e n  d o w n  t h e  s l o p e . T h e y  w e r e  c o n t i n u a l l y  

r e s t o r e d , u n t i l f i n a l l y , i n  N o v e m b e r 1 8 9 9 ,  a  g a l e  w r o u g h t s u c h  s e r i o u s  h a v o c  

t h a t e v e n  t h e  l o w e r  p o r t i o n  o f  t h e  p i e r h e a d  f o u n d a t i o n  w a s e x p o s e d  a n d  

p a r t i a l l y  w i t h d r a w n . A s  a  c o n s e q u e n c e , t h e  w h o l e  w e i g h t o f t h e  s u p e r  

s t r u c t u r e  c a m e  t o  r e s t u p o n  t h e  p i l i n g  a n d  s t a g i n g  w h i c h  h a d  b e e n  e r e c t e d  

f o r  p i l e - d r i v i n g  m a c h i n e s  a n d  r a i l - t r a c k s  d u r i n g  t h e  c o n s t r u c t i o n  o f  t h e  m o l e  

a n d  w h i c h  h a d  b e e n  l e f t  b u r i e d  i n  t h e  m o u n d .

T h e  o n l y  p l a n  n o w  w a s  t o  f i l l u p  t h e  c a v i t i e s , a n d  t h i s  w a s  d o n e  b y  m e a n s  

o f  s t o n e s  a n d  s a c k s  o f  c o n c r e t e  p a c k e d  w i t h i n  a  c i r c u m s c r i b i n g  r i n g  o f  b l o c k s  

o f  3 5 0  c u b i c  f e e t , e a c h  s e t i n  a  d o u b l e  r o w . B u t ,  b e f o r e  t h i s  w o r k  c o u l d  b e  

c o m p l e t e d , f r e s h  d i s a s t e r s  o c c u r r e d . T h e  b l o c k s  w e r e  d i s t u r b e d ,  a n d  s o m e  o f  

t h e  r u b b l e  c a r r i e d  a w a y , i n  N o v e m b e r 1 9 0 0 . N o  s a t i s f a c t o r y  r e p a i r s  c o u l d  

b e  e f f e c t e d  d u r i n g  t h e  w i n t e r  s e a s o n , a n d  i n  t h e  f o l l o w i n g  A p r i l a  v i o l e n t  

w e s t e r l y  g a l e  o n c e  m o r e  d e v a s t a t e d  t h e  w h o l e  p i e r h e a d . T h e  s t a g i n g - p i l e s  

b r o k e ;  t h e  c r a c k  w h i c h  h a d  f o r m e d  a t  t h e  j u n c t i o n  o f  t h e  m o l e  a n d  p i e r h e a d  

a t t h e  t i m e  o f t h e  i n i t i a l d e s t r u c t i o n  o f t h e  t e r r a c e , w i d e n e d  o u t o n  t h e  

X o n r  s id e ?  a  w i d ?  ° f  4  f e e t 3  i n c h e s ’ a n d  t h e  P æ r h e a d ’ a  ^ g e  m a s s  o f  

2 0 , 6 6 0  c u b i c  f e e t , a u d  h a v i n g  a  w e i g h t o f 1 6 8 0  t o n s , w a s  s l e w e d  o n  i t s  a x i s  

t h r o u g h  1 2  f e e t  t o w a r d s  t h e  s e a ,  a n d  l e f t  w i t h  i t s  o u t e r  e d g e  d e p r e s s e d  t o  t h e  

e x t e n t  o f  4  f e e t 4  i n c h e s . I n  t h i s  c o n d i t i o n  i t  r e s t e d  u p o n  a  f e w  p r o j e c t i n g  

p e a k s  o r  t h e  m o u n d . 1 J 6

D u r i n g  t h e s e  e x p e r i e n c e s , i t w a s  o b s e r v e d  t h a t  a  c o n c r e t e  b l o c k  o f  1 5 5 3  

c u b i c  f e e t , w h i c h  h a d  b e e n  s e t o n  t h e  d e o p - w a t e r  s i d e  o f t h e  h e a d , h a d  n o t
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suffered more than a very slight displacement. It was therefore decided to 

surround the pierhead with a ring of nine concrete blocks of extremely large 

size. These were formed on the buoyant caisson principle. Wooden boxes 

of grooved and caulked planking, 7 inches thick, were formed, at a timber-yard 

ij miles distant, to a trapezoidal shape with widths of 23 feet and 15 feet, a 

length of 23 feet, and a height of 13 feet, so as to inclose a volume of 5650 

cubic feet. Stiffened by transverse and longitudinal ties, and filled to a depth 

of 3 feet with granite rubble concrete, they were floated to the site of the 

head and there sunk close alongside one another, in about 11 feet of water, a 

level base having been prepared for them by blasting away the protubérances 

of the mound, and filling the hollows with stones, débris, and sacks of concrete. 

The boxes were then filled up with concrete in a couple of days, in this way 

attaining a weight of 400 tons. Of the projected nine boxes, six were delivered 

in the year 1901, and, in addition, four blocks of 370 cubic feet were set. The 

filling of the inclosed space was then put in hand.

But in September of the same year a storm produced a fresh cross fracture 

in the pierhead, and a further sinking of its front face by 8 inches. The con­

crete boxes were slewed about 18 inches, but without damage. In the 

succeeding December a further and more pronounced depression of the head 

took place, the settlement amounting in all to 6 feet 6 inches.

By this time, however, the superstructure had found a firmer bearing on 

the foundation stonework. Such small cavities as remained were closed with 

concrete. During the following year three more concrete boxes were deposited, 

and the space between the boxes and the head densely packed with large 

stones. Owing to these improvements, the pierhead suffered but little during 

the gales of December 1902 and February 1903, which almost destroyed the 

north breakwater. The boxes, indeed, were considerably shifted, but they did 

not suffer much damage. The pierhead was again built up to the height of 

the original summit, and the breaches which had been made between the boxes 

were closed in 1903 by four additional boxes, and the remaining gaps were 

made good in 1904.
At this point the interesting but calamitous narrative ceases. It would be 

too sanguine a view to conclude that perfect stability had at last been attained. 

But, as a record of disasters and of remedial expedients, it is most instructive, 

and the lesson it enforces is complète.

Quays.

The inner sides of breakwaters and the shore frontages of harbours are 

commonly bordered with quays for the reception of merchandise and 

passengers.
A quay is, properly speaking, a paved space or area devoted to the 

purposes of loading and unloading craft, and it is usually bounded at the 

water’s edge by a wall or wharf founded at a sufficient depth to permit of 

vessels lying alongside. Vessels do not always remain afloat ; in many cases 

with the recession of the tide, they take the ground. A quay and a quay wall
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are commonly treated as synonymous terms. Yet such is not strictly the case, 
as indicated above.

V

Fig . 167.—Quay and Wharf.

Fig . 168. —Quay with Sloping Revetment.

Quay walls are called upon to discharge very important duties. They act 

as retaining walls to uphold the solid material which forms the foundation
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upon which the quay surface is prepared and laid. They also serve to present 

a uniform frontage against which vessels may be moored and warped without 

damage. As retaining walls, they possess characteristic features and discharge 

special functions which call for very detailed treatment ; and as the author has 

subjected them to a careful investigation elsewhere,1 it would be unwise to 

attempt any further, and necessarily restricted, allusion to them here.

Landing ’ Slipways. —In situations where the water does not maintain 

a fairly uniform level, it becomes necessary to provide sloping ways, or slip­

ways, leading from the surface of the quay down to the lowest water level. 

These slipways are even desirable under any circumstances, and especially for 

the purpose of affording access to small craft of shallow draught and rowing- 

boats, and to facilitate the withdrawal of the latter from the water. Slipways 

range from about 5 to 15 or 20 feet in width, with an inclination not greater 

than 1 in 5. They should have a covering of concrete or be paved with large 

heavy stones, having a flat upper surface and presenting as few joints as 

possible to the pick-like action of the waves. Such joints as there are will be 

well flushed and pointed with cement, for it can be readily understood that 

slipways are subjected in a 

peculiar manner to the most 

destructive action of breaking 

waves, which renders it im­

perative to present thereto as 

hard, smooth, and unbroken a 

surface as possible. Where 

slipways are paved with cubes, 

or setts, these latter must be 

thoroughly grouted and bedded 

in a perfect manner upon a sub- 

stantial concrete foundation.

Slipways are provided with 

a bottom landing, and 

times with one or two 

mediate landings — all 

platforms.

Stairways and 

some- 

inter- 

level

Lad-
ders.—Access to the water- 

line may also be obtained by 

stairways and ladders. The 

former are simply steps set 

in the wall in the ordinary 

manner, and not uncommonly 
Fios. 172, 173.— Steps in Quay Wall.

at corners,, where they are least likely to interfere with the use of the quay 

by shipping. The latter generally consist of galvanised wrought iron vertical 

sides and circular rungs, recessed within the face line of the quay so as to

1 Dock Engineering, Chapter V.



200 HARBOUR ENGINEERING.

avoid forming anything of the nature of a projection likely to produce 

damage.

Other adjuncts of a quay are life-chains, mooring-rings, and moor- 
ing-posts. The firstnamed are suspended at intervals and festooned, so as 

to enable persons accidentally immersed to support themselves until succoured. 

The last two are for the purpose of holding vessels close against a quay wall. 

Mooring-rings, useful chiefly for very small craft, are now fairly obsolete, 

as they are awkward of access and difficult to maintain in order. The 

most conveniently arranged of them are recessed within the quay face, so 

as to acquire a certain amount of cover. The hest type of mooring-post 

has a lip arranged on the side furthest removed from the quay edge, so as 

to hold the rope well and keep it from slipping upwards.

A good sloping beach is very desirable in the immediate proximity of a 

harbour. If situated at the entrance, it forms a very useful spending-ground 

whereon waves may dissipate a very large proportion of their activity. A 

beach is also desirable in that small craft may ground thereon for repairs. 

When formed artificially, as is sometimes necessary in rocky localities where 

the shore descends abruptly, quarry refuse and débris may be used for the 

purpose. A. slope of 1 in 10 or 12 will be found most serviceable.

Booms.—Inner basins, or harbours of the smaller class, may be still 

further protected from the effects of sea swell by means of a temporary 

closure or boom across the entrance, which would naturally, in such a case, be 

narrow. Booms take the form of a log partition, set in horizontal layers one 

above another, with their ends engaging in grooves specially constructed at 

each side of the entrance. It is necessary to observe that unless the logs 

extend to the very base or bottom of the passage-way, wave motion will be 

transmitted beneath them, and they will prove ineffective for the purpose 

in view.

Mooring-Buoys and Stages.—In addition to the facilities afforded by 

posts, rings, and bollards on the quays for securing vessels, in large basins and 

in rivers floating and fixed moorings are also provided. The former consist 

of buoys of various shapes anchored to the bottom of the basin or the bed of 

the river, and the latter of piled stages suitably braced. These last are some­

times known on the Continent as “ Ducs d’Albe.”

Landing-stages.

In all his operations the maritime engineer is more or less in touch with 

the requirements of the naval architect, and the boundary line between the 

two professions is by no means easy to define; indeed there is oftentimes a 

zone within which both practitioners find a common field of action, and where 

it would be difficult, if not absolutely impossible, to lay down any limitations 

for one or the other. Thus, in the case of entrance caissons, floating docks, 

and buoyant structures generally, there are presented to the engineer all the 

processes and features characteristic of ship design and calculation, and so, 

too, in connection with the subject of the present chapter, the laws governing



Fig . 174. —Mooring Buoys. [Tb face p. 200.
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the behaviour of floating bodies have to be carefully studied and clearly 

understood.

Landing-stages, whether adapted for the use of passengers, vehicles, 

goods, or cattle, fall naturally into two main types —fixed and floating.

Fixed Landing’-stag’es.—Besides serving no apparent purpose, it would 

be difficult to make an exact differentiation between the functions of a fixed 

landing-stage and those of a wharf, pier, or quay. Generally speaking, the 

term stage is limited to framed structures of timber or iron, and fixed 

landing-stages are most commonly platforms of woodwork on a piled founda- 

tion. But even with this limitation, they possess no features which are not 

common to jetties and wharfs of similar construction (vide fig. 167). To 

pursue this branch of the subject further would be redundant, and therefore 

unnecessary.

Floating 1 Landing-stages are decks or rafts of timber or iron work, 

either self-supporting or carried upon hollow pontoons which afford the 

necessary bearing power by reason of the buoyant properties of water. The 

pontoon is the more usual arrangement, and it is certainly the only system 

applicable to stages of size and importance.

Pontoons.

The stability of any statical structure depends, in the first instance, upon 

the equilibrium of the external forces which act upon it. In the case of a 

floating body, these external forces are essentially and practically two, and 

two only, viz., (1) gravity, due to the intrinsic weight of the body, acting 

vertically downwards, and (2) buoyancy, or the vertical component of hydro- 

static pressure, acting vertically upwards. It is true that, in addition, there 

are the horizontal components of hydrostatic pressure, but, as in still water, 

whatever the shape and size of the body, these components must always and 

exactly neutralise one another, there is no necessity to bring them into 

considération.

We have therefore only to take into account two resultant forces, opposed 

to one another. In ordinary statics, equilibrium would be sufficiently assured 

by the fulfilment of the conditions, that (1) the lines of action must coincide, 

and (2) the forces must be equal in magnitude and opposite in direction. As 

regards floating bodies, these requirements are satisfied when the vertical line 

through the centre of gravity passes through the centre of buoyancy (or 

centre of gravity of the displaced fluid), and when the weight of the body is 

just equal to that of the fluid displaced.

But the extreme mobility of water and the absence in a floating body of 

any perceptible inherent resistance to disturbance, involve another phase of 

equilibrium in its practical and working sense. It is obvious that there must 

be not only perfect balance at any instant, but also a disposition on the part 

of the body to right itself, or to recover its initial position, in the event of a 

slight or moderate displacement. Both these points have to be taken into 

considération in the design of floating vessels.
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The calculations necessary for the purpose are much simpler in regard to 
pontoons than they are in regard to ships and other navigable craft, since the 
former are generally constructed to some regular geometrical figure which 
permits of the easy determination of its centre of gravity and also of the 
centre of buoyancy. The calculation of the weight of an ordinary ship 
and the point at which it may be assumed to be concentrated, as also 
of the displacement and its geometrical centre, are matters of great com- 
plexity and difficulty, calling for the exercise of no little patience, ingenuity, 
and skill.

Pontoons, on the other hand, are generally, if not universally, either 
rectangular, cylindrical, or spherical in form, with centres of gravity and 
displacement readily determinable by simple geometrical construction.

Thus, in fig. 175 a rectangular pontoon is shown partly immersed 
in water. The disposition of the principal resultant forces is that shown 
by the arrows, and the primary condition of equilibrium is manifestly 
fulfilled.

Now, suppose such a body to have acquired a slight displacement,

with the result that it has taken up the position shown in fig 176. The 
centre of gravity (G) remains unchanged, but the centre of buoyancy (B) 
has been removed to a point which does not lie vertically below the centre 
of gravity. Obviously there now exists a couple, the moment of which, 
Wx, is the weight of the body (W) into the horizontal distance (x) between 
the two centres. The moment is a righting moment, and tends to bring the 
pontoon back to its original position.

Suppose, however, the pontoon to float on its narrower side or end as 
shown in fig. 177. In the upright condition the primary condition of 
equilibrium obtains as before. But when a slight displacement takes place 
(fig. 178), the moment (Wæ) called into existence is an overturning one 
instead of a righting one, and the pontoon has every tendency to capsize. We 
see, then, that a different state of things has been produced, and it becomes 
necessary, therefore, to investigate the relative positions of the centres of 
gravity and buoyancy a little more closely.

In each of the figures, let the vertical line drawn through the centre of 
gravity when the pontoon is in its initial position, and also that through the 
centre of buoyancy in the displaced condition, be continued until they inter-
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sect at a point which we will designate M. The technical name for this 

point of intersection is the metacentre.1
It will be noticed that there is a very striking difference in the position 

of the metacentre in the two figures. In one case it lies above the centre of 

gravity of the pontoon ; in the other case, it lies below it. The former 

arrangement produces a righting moment; the latter, an overturning 

moment.

The metacentre of a floating body has a variable position dependent upon 

(a) the shape of the body and (6) its centre of gravity, and also (c) upon the 

centre of buoyancy; but, from what has been pointed out, it follows, as a 

general rule, that a pontoon is stable or unstable according as the metacentre 

lies above or below the centre of gravity.

It would not be strictly correct to say that overturning would absolutely 

ensue in the latter event, as through the variation in the centre of buoyancy 

an intermediate position might be reached in which the conditions of equili- 

brium are satisfied.

It will be well, therefore, to go through the process of determining the 

complété range of position of the metacentre, and to construct a diagram 

showing all the changes in position of the centre of buoyancy corresponding 

to various degrees of inclination.

(I.) Case of the unballasted pontoon immersed to half its depth.—Let us take 

the case of a symmetrical pontoon of rectangular cross section floating so as 

to have a moiety of its volume immersed. Fig. 179 represents such a case: 

GHNP is the pontoon, and RT the water surface level in the initial position, 

while FS, IIP, and VX are other water-lines corresponding to changes of 

inclination in the pontoon.

1 Bouguer, who introdueed the tenn a eentury and a half ago, employed it to designate 
a point in a ship’s vertical axis above which the centre of gravity of the vessel might not be 
raised without producing an inclination in the axis. The metacentre must not be confused 
with any of a series of points on a curve distinguished by Bouguer as the nietacentric. The 
metacentric may be defined as the locus of the intersections of successive vertical through 
adjacent centres of buoyancy as a ship undergoes a series of slight inclinations. In 
other words, it is the evolute of the curve of buoyancy, or the locus of its centre of 
curvature.
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In the initial position, the centre of buoyancy is at Bj in the vertical line 
QK passing through O.

Now, suppose the pontoon be acted upon so as to take up an inclination 
in which the water line is FOS. The immersed section becomes FHNS, and 
the centre of buoyancy which corresponds to this position lies somewhere to 
the right of Bp We have to determine its position.

On examination, we see that of the immersed area, a triangular wedge 
RFO, representing upward pressure both in amount and intensity, has been 
transferred to the other side of the axis KQ, viz., to TSO. Accordingly, by 
a principle of mechanics, the centre of gravity of the rectangle RHNT has 
been moved along a line parallel to the line joining the centres of gravity of 
the equal triangles RFO and TSO, a distance measured by that between the 
centres of gravity of the triangles, multiplied by the ratio of the area of one 
triangle to the area of the original rectangle. To put this in symbols, let g1

be the centre of gravity of the triangle RFO, and g2 the centre of gravity of 
the triangle STO. Then, if B2 be the position of the new centre of buoyancy, 
we must have

(1) the line BjB2 parallel to gxg^,

(2) the distance BjB2 equal to g^2 x area RFO 
area RHNT

Since the alteration in the position of B corresponds to the direction of 
g^, and therefore is partly an upward movement, we may conveniently find 
the locus by co-ordinates, with the initial position of B as origin. A line 
through Bj, parallel to RT or JIN, will be the axis of x; the line KQ, the 
axis of y.

Draw g-Jix and g2h2 perpendicular to RT.
The abscissa of B2 is proportionate to Ä^j its ordinate to g^+g^.

Call OR, the semi-width of the pontoon, RH, the original depth of 

immersion, D; and RF, the extent of emergence, A.
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T h en , b y th e o rd in a ry p rin c ip le s an d o p era tio n s o f tr ig on o m etry an d  

m echan ic s , w e  h av e

9

h^ = 2 /q O  =  — L •

S im ila rly ,

2  

M i  +  h2g2 = -5 -  △ ,

an d  th e  ra tio

a rea  R F O _ ^ F R .R O _ F R  _  A  

a rea  R H N T ~  2 R O .R H  “ 4 R H- 4 D '

W h en ce  w e  o b ta in  as v a lu es  fo r th e  co -o rd in a te s ,

2 . A A L  
” 3 L ’ 4 D 6 D

an d  2 /= 3A -4 D = 6 D -

T h e  eq u a tio n  o f th e  lo cu s acco rd in g ly  is

It is a t o n ce  ap p a ren t th a t, L  an d  D  b e in g  fix ed  q u an titie s, y v arie s  d irec tly  

as  a :2 ; th a t is , th e  lo cu s o f B  is th e cu rv e o f a p arab o la w h o se lo n g itu d in a l  

ax is is Q B ls an d  v ertex , B r

T h ese  eq u a tio n s fo r  a : an d  y h o ld g o o d  u p to  th e p o in t w h ere A  b eco m es  

eq ua l to  D . G iv in g A  th e  v a lu e  ? , w e o b ta in

L D

an d , g iv in g  it th e  v a lu e D ,

L D

T h is b rin gs u s to th e d iag o na l H O P , a t w h ich in c lin a tio n th e s id e G P  

co m m en ces to b e im m ersed an d th e s id e G H  is en tire ly o u t o f w ater. It  

w ill s im p lify  m atte rs n o w  if w e reg a rd  th e  p o n to o n  as u n d erg o in g d is tu rb an ce  

fro m  an  in itia l p o sitio n  in  w h ich  th e  v ertica l ax is is R T , an d  th e su rface lev el 

K Q , fo r th a t is th e p o sitio n to w ard s w h ich th e p o n too n is ten d in g in th e  

co n tin ua tio n  o f its rev o lu tio n .

T h e  ca lcu la tio n s  fo r  th e  lo cu s o f B  in  re fe ren ce  to th e  n ew  ax is w ill eq u a lly  

g iv e  a  p arab o lic  cu rv e , h av in g  its  v ertex  a t Z , w h ere O Z = ^ -

A cco rd in g ly , th e  lo cu s o f B  re so lv es itse lf in to a cu rv e co n sis tin g o f fo u r  

p arab o lic a rcs to u ch in g a t th e d iag o n als , H P  an d G N , o f th e p ara lle lo g ram . 

A  m o ie ty  o f th e  cu rv e  is traced  in  fig . 1 7 9 .

N o w , to fin d th e m etacen tre co rresp o n d in g to an y assig n ed cen tre o f
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b u o y a n c y , i t i s  o n l y  n e c e s s a r y  t o  d r a w , p e r p e n d i c u l a r t o  t h e  

a  l i n e  f r o m  t h e  g i v e n  p o i n t  B 2  o n  t h e  b u o y a n c y  c u r v e  u n t i l i t  

a x i s  Q K .

I t s  p o s i t i o n  m a y  b e  l o c a te d  a lg e b r a ic a l l y ,  t h u s :—

'  B 1 M 2 = M 2 C  +  C B 1

=  M 2 C  +  y.

N o w , t h e  t r i a n g l e s  C B 2 M 2  a n d  R F O  a r e  s i m i la r , t h e i r  s id e s  

t iv e l y  a t  r i g h t  a n g l e s  t o  o n e  a n o th e r .

T h e r e f o r e

w a te r  s u r f a c e ,  

i n t e r s e c t s  t h e

b e i n g  r e s p e c -

M 2 C  = ! g .C B 2

L  

S A * ’

a n d

B u t

B l M 2 = 2 ^ a : + y ’

A L , A 2  
a :- a n d  y = —-,

6 D J 6 D  

w h e n c e  s u b s t i tu t i n g

1.2 A2

1 2 1 2 D 6 1 1

T 2
S o  w h e n  A  i s  z e r o  i n  t h e  i n i t i a l  p o s i t i o n , B ^ l ^  ^ ^ j  a n d  w h e n  A  =  R H ,

B j M 2 = — + — .
1 2 1 2 D 6

T i r e  r a n g e  o f  p o s i t i o n  o f t h e  i n e t a c e n t r e  i s  a c c o r d i n g ly  w i t h i n  a  l e n g th

u p o n  t h e  a x i s  Q K , a n d ,  s im i la r l y , w i t h i n  a  l e n g th  ^  u p o n  t h e  a x i s  R T .

A  m u c h  s i m p l e r m e th o d , h o w e v e r , m a y  b e d e v is e d  f o r o b t a i n in g  t h e  

p o s i t i o n  o f  t h e  m e ta c e n t r e  b y  g e o m e t r i c a l  c o n s t r u c t i o n .

I t  w i l l b e  o b s e r v e d  t h a t  t h e  e q u a t io n  o f  t h e  p a r a b o l a ,

6 0

y L 2 ’

i s  s a t i s f i e d  b y  t h e  v a l u e s  « = — - , y = — ; t h a t i s t o  s a y , t h e  c u r v e p a s s e s  

t h r o u g h  t h e  p o i n t s  G  a n d  P , w h i c h  a r e  t h e  u p p e r m o s t  c o r n e r s  o f  t h e  p o n t o o n .  

K n o w i n g  a l s o  t h e  v e r t e x , B p  o f t h e  c u r v e , i t i s  a  v e r y  e a s y  m a t te r  t o  c o n -  

s t r u c t , b y  a u y  o f  t h e  r e c o g n is e d  m e t h o d s , t h e  p a r a b o l i c  a r c  G B ^ ,*  t h e  p o r t i o n  

o f  w h i c h ,  a ß  l y i n g  b e t w e e n  t h e  s e m i- d i a g o n a l s  H O  a n d  O N ,  c o n s t i tu t e s  a  p a r t  

o f  t h e  b u o y a n c y  c u r v e  ( f i g . 1 8 0 ) .

N o w , f o r  a n y  a s s i g n e d  w a t e r - l in e  F S , t a k e  t h e  c h o r d  fs o n  t h i s  l i n e  w h i c h

* Vide c o n s t r u c t io n ,  f i g . 1 8 7 , p . 2 1 3 .
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is cut off within the parabola, and bisect it at the point C. Draw CB2 parallel 

to the axis QK, intersecting the curve at the point B2. Then B2 is the centre 

of buoyancy for the water-line FS. From B2 draw B2M2 at right angles to 

FS so as to cut the axis QK in M2. M2 is the metacentre under the same 

conditions.

The proof of the foregoing construction lies in the facts that the tan­

gent at the extremity of a diameter of a parabola is parallel to the chords 

which are bisected by that diameter, and that the tangent to the curve 

of buoyancy at any point is parallel to the line of flotation corresponding 

to that point as centre of buoyancy.

Thus far, we have only dealt with centres of buoyancy lying within the 

section HON ; that is for water-lines rauging between GN and HP.

For water-lines between HP and NG, it is necessary to construct the 

parabola GZH. This being done (fig. 180), the curve of buoyancy is defined 

from ß to y, and the corresponding positions of the metacentre may be

determined as already explained. They will lie, however, not on the axis QK, 

but on the axis RT, parallel to which the lines, from the water surface to the 

curve, must be drawn.

It is interesting to consider the water-line HP. There are two parabolic 

chords appertaining to the position, viz., Hy and aP. The middle point of 

the former is a, and of the latter y. Both the line aß, drawn parallel to the 

axis RT of the parabola GZH, and the line yß, drawn parallel to the axis QK 

of the parabola GBjP, meet at the point ß, which is the limiting position of 

the centre of buoyancy for both parabolas. The line /3M8, perpendicular 

to HP, gives extreme positions for the metacentre on the respective axes: 

the upper limit M8 on QK, and the lower limit M4 on RT. In fig. 180, 

owing to the particular ratio of L to D, the point M8 coincides with the 

point Q.

The curve of buoyancy for the remaining moiety of the pontoon is simply 

a replica, upon the other side of the diagonal HP, of the curve aßy.

The parabolas GBjP and GZH have three point contact ; that is, the curves 

not only touch one another, but cross when continued.
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(II.) Case of the unballasted pontoon immersed to any fraction of its depth. 

—The foregoing is a special case in which the pontoon floats with exactly one- 

half of its bulk immersed.

From the principles enunciated, and by means of the methods which have 

been deseribed, it is not difficult to determine the locus and draw the curve 

of buoyancy for the general case in which the pontoon floats with any pro­

portion of its volume under water.

Let fig. 181 represent the conditions in question, the surface level of the 

water, RT, not being coincident with JX, the horizontal axis of symmetry of 

the pontoon.

In the initial position, the centre of buoyancy lies at the point B on the 
pl i

axis QK, which is such that BK=——=-—. Taking B as origin and a 

horizontal line through B as axis of x, we have (as explained in the preceding 

investigation) for all values of A between zero and D,

AL , A2

611 y 61) 

giving, as the equation of the curve,

The parabola thus defined passes through the points Z and ¥ where 

RZ = TY= D, and constitutes the locus of the centre of buoyancy within the 

limits a and ß situated on the diagonals of the parallelogram ZHNY.

So long as the corner, H, of the pontoon remains under water the 

immersed section is a quadrilatéral. When the point II lies on the surface 

the water-line passes through the point ¥ and the immersed area becomes 

triangular, remaining in that form until in course of continued revolution
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the w ater-line passes through  

quadrangular shape.

T he second phase of the  

problem , therefore, is to deal 

w ith values of A betw een C  

and C -D  (fig . 182), w here C  

is the fu ll depth of the pon- 

toon and D the depth of im ­

m ersion in the in itial position.

First, w e m ust déterm ine  

the length  of base-line on H N  

corresponding to any  assigned  

value of A , say T S.

L et 6 (fig . 182) be the  

length of the base required. 

T hen, since the area of the  

triangle of im m ersion m ust 

equal the area of the  rectangle  

R H N T , w e have

^(D +  A )=L D ;

A +D

P, from w hich point onw ard it resum es the

or, w e can find & geom etrically thus :— In fig . 182 \ ' I 

produce N H to U , so that U H =H N . Join SU . \  1

T hrough T draw  T V parallel to SU , cutting N H in \  I

V . Join SV . T hen SV is the desired w ater-line, \  1 

and V N =6. \ 1

T he proof of the construction is sim ple. T he \ I 

triangles SV U and ST U are equal, being on the \ I 

sam e base and betw een the sam e parallels. D educt \ 1 

the com m on portion SY U , and add to each, in place \ I 

of it, the trapezium V Y T N . T hen the triangle SV N  \I  

is equal to the triangle U T N , w hich is also equal \I  

to the rectangle R H N T , being on double the base, \ 

betw een  the sam e parallels.\

R everting  to  the  algebraical value  of & =  -?^-\  \I

X A  +  D / 

and taking  x and y as the co-ordinates of the centre  

of gravity  of the triangle SN V , referred to the sam e  \ 

axes as before  in tersecting  at B , then

„,L l/2LD \  
2 ' s (a + d )

L 3A -D  

6 ’ A +D

F
ig

 1
8

2
.

14
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, A +  D D 2A -D
and  y FI 6 ’

w hence w e can obtain the equation for the locus, viz :—

36xy +  18D a: - 18Ly  -  LD  =0, 

w hich indicates a hyperbola.

Transfer the origin to xr yr Then

36(æ  +  x^y + yj +  18D (a; +  x^ - 18L(y  +  y^ - LD  =  0.

If the coefficients of x and y in this expression be m ade equal to zero, the  

values of x^, corresponding thereto, w ill give the centre of the curve. Thus 

36^+180=0,

and  36^—  18L=0.

Therefore  ^i= - TV ’

, L
and  X j=— •

A ccordingly, the point N  is the centre.

Referring the equation to N  as origin, w ith N H  and  N P  as axes, it becom es 

K ’+IX '' -  y)  *  ““(**r)  -  “ (»  -<)  -  w-0 ‘

w hence ^+|ld=0.

Therefore N H and N P are the asymptotes of the rectangular hyperbola  

constituting the curve. Further, since

xy= ~yLD ’

w e see that the locus lies on the conjugale hyperbola.

If the transverse axis of a rectangular hyperbola be 2a, then  

ixy = -  2a2

is the equation of the conjugate hyperbola.

This m ay be w ritten
a2

Com paring it w ith the preceding value of xy, w e see that 

±=Ä LD ; 
2 9 ’

that is,

a=4  V LD -

Turning  again to the general equation,

'i^xy +  18D a:- 18Ly  - LD =  0, 

it w ill be observed that the curve passes through the point ~  , —  
G 6
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Flirther, taking the equation of the parabola in the first phase, viz.,

X2 =
L 2 

60^

where the two curves intersect, we get

36 •
18Da: - 18L^r2 - LD  =  0, 

L- L 2

or (6æ  -  L)8=0.

Therefore the parabola and hyperbola have three point contact at
LD  

6’6

The curve may now be traced from  the foregoing data.1 This being done 

(fig. 183), it remains to find the centre of buoyancy corresponding to any  

possible water-line within the limits already specified. Take VS as such a

line and, as in the case of the parabola, bisect that portion of it, fs, which 

forms a chord of the hyperbola. Join this middle point C to N the centre 

of the curve. W here the line CN intersects the curve is the centre of 

buoyancy for the position, and a line drawn therefrom at right angles to 

the water-line will cut the original vertical axis in the metacentre. Thus B  

and M  are the centre of buoyancy and the metacentre respectively, for the 

water-line VS.

The last phase of the problem  is the same as the first. W hen the pontoon 

is immersed as with its axis JOX (fig. 184) vertical in the initial position, 

we have a similar set of conditions to those in which the axis QOK was 

initially vertical.

To find the depth (DJ immersed, we have

D^LD or Dj=-^D,

1 The method is shown in fig. 186.
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or, geometrically, thus (fig. 184): —Through the point W, in which the 

diagonal NG intersects the primary water-line RT, draw the line YZ. Then 

YZ is the new water-line, and VX = Dj.

It follows, exactly as before, that the curve of buoyancy for the latest

condition of things is a parabola, the vertex of which is in JX at a distance 

from the point X, and which passes through the points m and n in the lines 

HN and GP, where Nm=Pn=2Dr

We have now traced the curve of buoyancy through rather more than 

half of its path, and the remaining portion lies symmetrically about the same 

axes, so that it is quite easy to draw the entire curve. A moiety is shown 

in fig. 185. In the left hand quadrant the parabolic arc extends from A 

to a, to be succeeded by a hyperbolic curve from a to b. From 5 to B the 

curve is parabolic once'more.

Hence, the complété locus of the centre of buoyancy is a curve made up 

of fouqparabolas and four hyperbolas.
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When D=C
2

the hyperbolic portion vanishes and we get the special case 

of a pontoon immersed to one-half its depth, the investigation of which occupied 

our attention at the outset.

Method of tracing' parabolic and hyperbolic curves.—Para&o/a.
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Divide the semi-base and the height into an equal number of parts, as shown 

in fig. 187. Draw lines parallel to the axis through each of the points on 

the base, and join the points on the sides to the vertex. The intersections 

give points on the curve.

Hyperbola (see fig. 186). —The curve required is the rectangular hyper­

bola, and the distance a from the centre H to the vertex B is given. Draw 

the axis HX bisecting the angle GHK. With centre H and radius a,
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describe the quadrant ABC. Join AC. From C draw CE at right angles 
to HK, cutting the axis in the point E, which is the focus. Through D 

draw a horizontal line of indefinite length.
Take any number of parallel lines intersecting the axis at right angles. 

Measure along the horizontal line through D the distance from D to each 
point of intersection. With these distances as radii respectively, and the 
focus as centre, mark corresponding intersections on the parallel lines, on 
both sides of the axis. These intersections are points on the curve.

Note.—In the investigation on p. 210, the value of a was found to be

— ^/LD To obtain the value graphically, take a line (fig. 188) whose length 

is L+D, and divide it into two parts equal to L and I) respectively. Üpon 
the line describe the arc of a semi-circle, and from 
the point of section draw a vertical linejo meet the 
semi-circle. This line has a length ^LD, and two- 

Fig . 188.

thirds of it will give the value a.

(III.) Gase of the ballasted pontoon.—We have so 
far only considered the pontoon as an empty box— 
independent and self-contained. We have now to 

regard it in its working aspect. It is intended to carry a load, and for 
purposes of insertion and withdrawal from position it is oftentimes ballasted 
with water. The object of admitting water to the interior of the pontoon 
is to enable it to be lowered temporarily to a deeper draught, from which 

it can be raised again by pumping out the water.
We will deal first with the matter of ballasting.
When the pontoon is a single box, without compartments, the introduction

Fios. 189, 190.

of water diminishes its stability, as will be evident from the diagram. The 
fluid, instead of remaining equally distributed under disturbance, immediately 
flows to the deeper side and there assists the overturning moment by its 
impetus, or, at least, impedes the righting effort.

The buoyancy, moreover, of the pontoon is reduced by the occupation 

of internal space.
The drawback of shifting ballast may be to some extent mitigated by 

subdividing the pontoon into compartments. When disturbed, the distri­
bution of the water becomes less markedly unequal, as is evident from 
figs. 189 and 190. The greater the number of compartments the more uniform
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the ballasting will become ; but, of course, there are limits of economy and 

accessibility to be considered.

Before investigating the case of the ballasted pontoon, it is desirable to 

reconsider the meaning to be attached to the term “centre of buoyancy” 

which we have hitherto found an important and essential feature in the 

statics of the unballasted pontoon.

After displacement through an angle, the forces tending to restore a 

ballasted pontoon to its original position, or to move it further from that 

position, are :—

(a) The weight of the displaced water, acting upwards through its 

centre of gravity.

(6) The weight of the ballast water acting downwards through its centre 

of gravity.

(c) The weight of the pontoon acting downwards through its centre of

gravity, which, in the case of a rectangular pontoon, is the centre of that 

figure.

The resultant of the first two forces is a force equal in magnitude to the 

third force, but opposite in direction, and acting through a point which may 

be described as the centroid of the buoyancy area.

This resultant and the force (c) form the righting couple, and heuceforth 

the term centre of buoyancy must be understood in the sense of centroid 
Of the buoyancy area, which it really is. To avoid misconception on 

the point, it will perhaps be as well to adopt the expression “centroid of 

buoyancy.”

Resuming the investigation of the stability of the pontoon, it is, in the first 

place, desirable to consider the alterations in position of the centroid of buoy­

ancy in a pontoon which is subdivided into compartments. Let fig. 191 repre­

sent such an arrangement, the number of compartments in this case being five.

Under a slight displacement, the pontoon takes the position shown with 

reference to the inelined line in fig. 191. The buoyancy area has been 

changed from a rectangle into a series of parallelograms. A little inspection 

will, moreover, show that the portion of buoyancy area deducted from the 

extreme left-hand compartment has been added to the compartment on the
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extreme right, and that the adjoining compartnients of each have likewise 

experienced a similar transfer of area.

The most obvions way, therefore, of determining the new position of the 

centroid of buoyancy is to sum up the products of the individual areas 

transferred, into the distances of their respective transferences, and divide 

by the whole buoyancy area. This will give us the proportionate trans- 

ference of the centroid of buoyancy of the original rectangle.

Also, it will be well to proceed by means of the horizontal and vertical 

components, as before, which yield the co-ordinates of the locus.

Let D (fig. 191) be the depth of buoyancy as originally immersed, and A 

the extent of emergence or submergence of either side under an angular 

displacement 0. The emergence or submergence in any compartment of N 

compartments we will call 8. If d be the original depth of water inside the 

pontoon, then D+d equal the depth of the pontoon.

We have

A =— tan Ø-
2

Also from similar triangles,

2N

Therefore 8—
N

The area of buoyant section transferred from the extreme lefthand to the 

extreme right-hand compartment (Ist to 5th) is

(a-A^,
\ N/N’ 

and the horizontal distance between the centres of gravity of the two 

compartments is

N L

The product of these two is

fA-Ak A.^k,
\ N/ N \N/’

which, for the purpose of forming a series for summation, may be written

The similar product in the case of the 2nd and 4th compartments is

. A.PLAk, 
\ N / N \ N / ’

and, in the event of there being additional compartments, we could write as 

the next term,

\ N / N \ N /

i
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If N be odd, the displacement for the middle compartment is zero. 

Accordingly, we have the following series to summate :—

^{(N-l)*+(N-3)*+(N-5)*+..................  

which cornes to

AL2 N(N2-1) AL2/. 1\
N3' 6 6V NV

The area of the original rectangle is LD, and, dividing the preceding 

expression by it, we obtain the following value for the horizontal component 

of transference :—

6D\ NV

Similarly, it can be shown that

△ Yt

V 6DV NV

Comparing these equations with the values on p. 205 previously given for 

the ordinates in the case of the undivided and unballasted pontoon, we see

that they differ only by the factor which is a constant for any

assigned case. Therefore, so long as the displacement is confined within 

limits such that the bottom of the pontoon is not exposed either inside or 

out, nor the upper corners immersed, the curve of buoyancy is parabolic as 

before.

The metacentric height, measured above the primary centroid of buoy­

ancy, is

\12D 6D/\ NV’

or, measuring from the centre of depth O of the pontoon, 

(^X^M^^)]
When in the upright position, A = 0, and the latter expression reduces to

from which it is clear that with an increase in the number of compartments, 

the metacentric height increases, and therefore the greater the number of 

the compartments the greater the stability.

When N = 1, the metacentric height is

and as the metacentric height (measured, as assumed above, from the centre
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of depth) is proportional to the moment of the righting couple, tlie pontoon 

is in stable, neutral, or unstable equilibrium, according as

We turn now to the question of load, which only concerns the pontoon 

in its empty condition. When in position a pontoon carries kelsons, or main

llLUlLLLlLLlLLLLLLU ^___________L

nrnrrrnrrrrrrrrrn

Fie. 192. Fig . 193.

girders, which, in turn, receive the load of deck-beams and stringers. These 

imposed loads, beyond raising the centre of gravity, do not affect the external 

conditions of equilibrium; their immédiate interest is in regard to the 

conditions of internal equilibrium.

The. problem of the internal stresses to which pontoons are subjected is not 

one which need cause any difficulty in the way of solution, the same methods 

of procedure being applicable as in dealing with ordinary beams. Ihere is

Fia. 194. Fig . 195.

but one difference, albeit a striking one, between the two cases ; but the effect 

of this is not nearly so embarrassing as might at first sight appear. In a beam 

the upward reaction is concentrated at isolated points of support ; in a pontoon 

the reaction is distributed over the whole of the immersed area. A very 

simple expedient serves, however, to put the two cases on an equal footing.

Take fig. 192, representing a beam uniformly loaded and supported 

beneath at any two points. Now, invert the diagram, as in fig. 193, and we

Fig . 196. Fig . 197. Fio. 198.

have the case of a floating pontoon earrying two concentrated loads. 0b- 

viously, the same diagrams of shearing stress and bending moment will 

serve in both cases, and there will be no difficulty in proceeding by this 

method in most cases. Even when the pontoon does not float upon an even 

keel, a measure of the exact distribution of the upward force is given by the 

area of the buoyant section (fig. 194). Figs. 196-198 are consequently 

typical bending moment diagrams.
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When a pontoon supports three or more concentrated loads, the conditions 

become identical with what is known as the case of the continuous beam, but, 

in this instance, one of the chief obstacles to a ready determination of .the
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problem is removed, iu that tiie exact amount and dispositions of all the 

external forces is known.

Such being the conditions, it is unnecessary to pursue the matter further, 

as it simply resolves itself into an application of the ordinary principles of 

mechanics to structural stresses in general, and lies, therefore, outside the 

special province of this volume.
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Liverpool Floating Landing-stage.—The Liverpool stage, of which 

illustrations are given in figs. 199-201, showing the arrangement of the pon- 

toons and decking, is 2478 feet long by 80 feet wide. It has eight bridges 

connecting it with the shore, and, in addition, a floating bridge 550 feet long 

by 35 feet wide, by means of which an easy incline for goods traffic is main- 

tained at all states of the tide, which, during springs, has a maximum range 

of about 30 feet. The constructive arrangement of the stage is evident from 

the figures.



CHAPTER IX.

ENTRANCE CHANNELS.

Variation in Conditions—Features of a Tidal Régime—Blind Channels—Variable Channels 
—Fixed Channels—Accretion and Réclamation—Navigable Routes—Bars and their 
Origin — Training Works for Channels — Groynes—Walls—Fascines—Wave Traps— 
Height and Extent of Training-walls—Dredging Appliances — Mechanical Eroders — 
Rock-cutting —Suction Dredgers—Sluicing—Instances of Channel Regulation Works at 
the mouth of the River Weser, Germany ; at Tampico Harbour, Mexico ; at Westport 
Harbour, New Zealand ; at the mouth of the Richmond River, New South Wales ; and 
at the Ports of Ostend, Belgium, and of New York, U.S.A.

Variable Conditions of Entrance Channels. —The régulation, and, 

where necessary, the rectification of entrance channels, are matters of extreme 

moment to all ports which are situated otherwise than upon the open sea- 

board, and especially do they call for attention in connection with harbours 

located within an estuary or upon the banks of a river within tidal range. In 

the case of ports lying either upon a river flowing into a tideless sea, or upon 

a tidal river above the limits of tidal access, the agencies determining the 

form and direction of the river bed are, comparatively speaking, fixed and 

constant. The stream follows certain well-defined laws which, if not 

thoroughly understood, are at least clearly enunciated and expressed. It is a 

matter of general knowledge that in pursuing its sinuous course to the sea, 

the current of a river, as is indicated in fig. 202, impinges alternately against 

each bank, scouring the concave side of a bend and being thence diverted to 

a similar concavity on the opposite side at the next deflection of the river- 

bed: all this being in accordance with the principles of centrifugal force and 

action. The tendency, therefore, is for the navigable channel to form and 

maintain itself along the line of current, and there are few or no conflicting 

agencies to interfere with or modify this tendency.

Features of a Tidal Régime.—Within the limits of tidal influence, 

however, the conditions are of a totally different character, and the dispositions 

arising therefrom become much more intricate and complex. The current 

does not always flow in a seaward direction. For a very considerable portion 

of the time it is completely reversed, and a very large bulk of sea-water is 

directed inland with a velocity which is sufficient to overcome the fresh-water 

discharge, and to raise the level of the surface for a very considerable distance. 

The main body of the incoming current, moreover, does not by auy means 

necessarily pursue the same course as that of the downward stream; neither 
222
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does it essentially confine itself, 

more especially near the river 

mouth, to one definite bed or 

channel. Tlie influences at work 

upon littoral currents at the en- 

trances of large coastal inlets are 

manifold and powerful. Gales and 

storms arise at irregular intervals 

from varying points of the compass, 

and the pressure exerted thereby 

is inevitably felt by the tidal flow 

which is accelerated or retarded, 

augmented or reduced, to an ap­

préciable extent. The action of 

the wind, moreover, produees cer­

tain changes of direction. Hence, 

the course of the incoming tide, 

though generally established, is 

subject to some mutation, and the 

volume of its flow fluctuates very 

considerably, not only in consé­

quence of irregular meteorological 

phenomena, but also in conformity 

with the natural cycle of springs 

and neaps.

In the tidal region, therefore, 

there are two conflicting agencies : 

first, the downward stream, with 

its relatively uniform flow and its 

tendency to establish a definite bed, 

and secondly, the tidal current with 

exactly opposite characteristics. 

The resulting feature of the tidal 

estuary is accordingly unstable 

channels amid shallows and sand­

banks. Through the latter, the 

river, taking the line of least ré­

sistance as it presents itself at the 

moment, ploughs its course to the 

sea in routes which the succeed- 

ing tides break through, destroying 

them in succession as they are 

formed, before they have time to 

become confirmed. In the natural 

order of things, the fluvial current
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has acquired a sinuous or spiral motion, deflecting it from side to side, while 

the flood-tide sets inward in a straight line, curbed by none of the influences 

which control the river. The tendency of each is to obliterate the traces of 

the other where they diverge, and to accentuate the common bed where they 

coincide. At certain points, the river follows a course along one bank, while 

the main tidal stream favours that opposite, with the result that there are 

intermediate zones of slack water conducing naturally to the formation of 

shoals. A typical example of this, if it be necessary to select one, is 

furnished by the redoubtable “ James and Mary ” shoal, which constitutes the 

Fie. 203. —Diverse Courses of Inward and Outward Currents in Rivers.

most dangerous obstacle to navigation in the River Hooghly, and which has 

the evil reputation of being one of the most fruitful sources of shipwreck and 

disaster of any river in the world. The late Professor Vernon-Harcourt, who 

made a special and exhaustive study of the River Hooghly in 1901, thus 

describes the circumstances of the formation of the shoal 1 : —

“ The descending current of the freshets in the rainy season scours out a 

deep channel alongside the concave left bank, and, diverging only slightly 

from this bank on passing Nurpur Point (figs. 204-206), it goes straight 

across the river into the very deep channel along the concave right bank 

below the bend a little beyond Gewankhali; whilst the deep flood-tide

1 Vernon-Harcourt on the River Hocghly, Min. Proc. Inst. C.E., vol. clx.
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has acquired a sinuous or spiral motion, deflecting it from side to side, while 

the flood-tide sets inward in a straight line, curbed by none of the influences 
which control the river. The tendency of each is to obliterate the traces of 
the other where they diverge, and to accentuate the common bed where they 
coincide. At certain points, the river follows a course along one bank, while 

the main tidal stream favours that opposite, with the result that there are 
intermediate zones of slack water conducing naturally to the formation of 
shoals. A typical example of this, if it be necessary to select one, is 
furnished by the redoubtable “James and Mary ” shoal, which constitutes the

most dangerous obstacle to navigation in the River Hooghly, and which has 

the evil reputation of being one of the most fruitful sources of shipwreck and 

disaster of any river in the world. The late Professor Vernon-Harcourt, who 

made a special and exhaustive study of the River Hooghly in 1901, thus 

describes the circumstances of the formation of the shoal 1.

“The descending current of the freshets in the rainy season scours out a 

deep channel alongside the concave left bank, and, diverging only slightly 

from this bank on passing Nurpur Point (figs. 204-206), it goes straight 

across the river into the very deep channel along the concave right bank 

below the bend a little beyond Gewankhali; whilst the deep flood-tide

1 Vernon-Harcourt on the River Hocghly, Min. Proc. Inst. C.E., vol. clx.
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channel along the right batik, from Mornington Point towards Shipgunj 

Point, becomes more or less silted up during the prevalence of the freshets. 

On the other hand, during the dry season the flood-tide channel, or Western 

Gut, along the right bank, in tlie lower part of the reach, opens out again, 

till the scouring energy of the flood-tide current is dissipated to some extent 

on approaching Shipgunj Point, where it spreads out and passes across to the 

left bank between Ninan and Fulta Point. At the same time, the Eastern 

Gut near the left bank, which depends on the ebb-tide almost entirely for its 

maintenance throughout the dry season, is reduced in depth : and a bar is 

formed between the ebb-tide channel near Hooghly Point and the deep 

channel at right angles to it in front of Gewankhali, by the conflicting action 

of the flood-tide running up this latter channel, thereby joining the James and 

Mary Shoal to the Hooghly Sand below.”

Blind Channels.—This conflict of routes, resulting in the temporary 

predominance of one or other, is also responsible for the formation of what 

may be termed “blind channels” or cul-de-sacs, such as will be noticed in 

greater or less prominence on the charts of all important estuaries. These 

are deep depressions in the river-bed extending for some distance without any 

apparent outlet, terminating simply in a ridge or stopped end. The Sloyne 

in the Iliver Mersey is a notable example, as also the Bog Hole off Southport 

in the estuary of the Ribble, Mostyn Deep at the entrance of the Dee, and the 

Great Nore Channel at the mouth of the Thames. These and many other 

instances are undoubtedly due to the antagonistic tendencies of the upward 
and downward streams.

Variable Channels.—The roving disposition of channels in sandy 

estuaries is manifestly the cause of niuch waste of physical power. The 

energy possessed by the stream in virtue of its momentum, which might 

profitably be expended in maintaining a deep clear channel and in removing 

or preventing any obstruction of the nature of a bar, is dissipated in the effort 

of eroding and displacing huge volumes of sand. It is observable in the river 

Mersey, for instance, that the estuarine channel rarely occupies the same 

position for a week consecutively. Between Hale Head and Garston, where 

the estuary is three miles wide, the channel has been diverted within a period 

of twelve months across the entire width from the Cheshire side to the 

Lancashire side, and vice verså. Generally the changes are found to be 

coincident with upland floods, which bring a considérable accession of water; 

but so trifling are the initiatory causes sometimes, that barges grounding 

against a side of the existing channel have been known to produce a most 

marked deflection. The agitation arising from the process of erosion must 

inevitably cause a considerable quantity of sand to remain in suspension and 

to be transported to the mouth of the river, where its deposition in more 

tranquil waters is only a matter of time.

Fixed Channels.—A constant channel, on the other hand, where such 

can be assured, has all the advantages attaching to fixity and stability. It 

entails no frequent surveys with alterations of buoys and lights ; it does 
15
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its own maintenance work, and it acts generally on the lines of an ideal 

stream.

One forcibly impressive claim which has been put forward on behalf of a rov- 

ing channel is, that by its constant change of course it deters the estuary from 

silting up in any part. This contention is one which has no little weight, 

because, with the reduction in capacity of a tidal basin or compartment, there 

is a corresponding reduction in the quantity of flood-water admitted, and a 

loss of scouring effeet on the subséquent ebb. The confinement of a channel 

within restricted boundaries inevitably leads, in the case of water heavily 

charged witli silt, to accretion in the adjacent submerged area. In other words, 

channel-training is a preliminary to land réclamation, and land reclamation is 

the general outcome of channel-training. Land reclamation is not an unmixed 

benefit; it may be attended by serions conséquences to ports situated between 

the locality of reclamation and the sea, and it may entail other physical dis- 

abilities not altogether easy to foresee. Considerable discretion is therefore 

required both in planning and in carrying out undertakiugs embodying any 

such scheme.

Fixed V. Variable Channels.—Taking the question of river-training, 

however, as a whole, on its intrinsic merits, it seems to turn on the point of 

relative advantages—whether, in fact, it is preferable to have a deep, narrow, 

well-defined, constant channel, with adequate energy for its own maintenance, 

but with none utilisable for counteracting any silting tendencies elsewhere, or, 

on the other hand, to have a shifting channel with a more sluggish flow, 

sluicing à large expanse of sand so as to keep it from consolidating in any part, 

and so affording a broad waterway of greater sectional area, but of inferior 

depth, and subject to all the inconveniences of a shallow bar. The first 

undoubtedly represents the ideal condition, but, as indicated above, there are 

practical and circumstantial grounds in some cases constituting a preponder- 

ating argument in favour of the latter.

Accretion.—Although it is oftentimes assumed that accretion is the inévi­

table consequence of confining a channel within narrow limits, yet such an 

assumption is not legitimate on all occasions. Accretion can only arise from the 

deposition of suspended sediment, and this sediment can only be forthcoming 

from a supply in excess of that which the outgoing stream can carry. Now, there 

is nothing to show that any additional detritus is forthcoming from the upper 

reaches of a regulated river. But even supposing that there be an augmenta­

tion, the increased velocity of the stream renders it capable of transpoiting 

a larger percentage of solid matter than before. Evidently, therefore, any 

deposition which takes place is hardly attributable to detritus brought down 

by the upland waters.

The more likely and, as a matter of fact, the only possible source of 

accretion, is a tidal flow laden with the harvest of coast erosion. The flood-tide, 

entering estuaries on a sandy coast, is almost universally heavily charged with 

mud and fine particles which have every tendency to deposit themselves at 

the period of slack water, unless the down stream be so directed as to bear
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its own maintenance werk, and it acts generally on the lines of an ideal 

stream.

One forcibly impressive claim which has been put forward on behalf of a rov- 

ing channel is, that by its constant change of course it deters the estuary from 

silting up in any part. This contention is one which has no little weight, 

because, with the reduction in capacity of a tidal basin or compartment, there 

is a corresponding reduction in the quantity of flood-water admitted, and a 

loss of scouring effect on the subsequent ebb. The confinement of a channel 
within restricted boundaries inevitably leads, in the case of water heavily 

charged with silt, to accretion in the adjacent submerged area. In other words, 

channel-training is a preliminary to land reclamation, and land réclamation is 

the general outcome of channel-training. Land reclamation is not an unmixed 

benefit ; it may be attended by serions conséquences to ports situated between 

the locality of reclamation and the sea, and it may entail other physical dis- 

abilities not altogether easy to foresee. Considerable discretion is therefore 

required both in planning and in carrying out undertakings embodying any 

such scheme.

Fixed V. Variable Channels.—Taking the question of river-training, 

however, as a whole, on its intrinsic merits, it seems to turn on the point of 

relative advantages—whether, in fact, it is preferable to have a deep, narrow, 
well-defined, constant channel, with adequate energy for its own maintenance, 

but with none utilisable for counteracting any silting tendencies elsewhere, or, 

on the other haud, to have a shifting channel with a more sluggish flow, 

sluicing a large expanse of sand so as to keep it from consolidating in any part, 

and so affording a broad waterway of greater sectional area, but of inferior 

depth, and subject to all the inconveniences of a shallow bar. The first 

undoubtedly represents the ideal condition, but, as indicated above, there are 

practical and circumstantial grounds in some cases constituting a preponder- 
ating argument in favour of the latter.

Accretion.—Although it is oftentimes assumed that accretion is the inévi­

table consequence of confining a channel within narrow limits, yet such an 

assumption is not legitimate on all occasions. Accretion can ouly arise from the 

deposition of suspended sediment, and this sediment can only be forthcoming 

from a supply in excess of that which the outgoing stream can carry. Now, there 

is nothing to show that any additional detritus is forthcoming from the upper 

reaches of a regulated river. But even supposing that there be an augmenta­

tion, the increased velocity of the stream renders it capable of transporting 

a larger perceutage of solid matter than before. Evidently, therefore, any 

deposition which takes place is hardly attributable to detritus brought down 

by the upland waters.

The more likely and, as a matter of fact, the only possible source of 

accretion, is a tidal flow laden with the harvest of coast erosion. The flood-tide, 

entering estuaries on a sandy coast, is almost universally heavily charged with 

mud and fine particles which have every tendency to deposit themselves at 

the period of slack water, unless the down stream be so directed as to bear
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upon the area of settlement, and this cannot be the case with a channel 
limited to one part of it.

The River Seine constitutes a typical illustration of the effects of training 
a channel through an estuary. Fifty years ago the outlet exhibited all the 
usual vagaries of estuarine channels in regard to alteration in position and 
irregularity of depth. From that time regulation works have been in hand, 
and the channel is now clearly defined from Rouen to some distance beyond 
Berville (fig. 207). At the outset, the probable results were entirely mis- 
calculated; little or no considération seems to have been taken of the 
question of silting, or rather, its potentialities were so under-estimated as 
to be deemed negligible. It was not long, however, before the conséquences 
began to make themselves felt. Huge volumes of alluvium settled in the 
external vicinity of the training-walls, and the quantity increased rapidly 
as the capacity of the estuary to receive tidal water was diminished. Land 
reclamation followed as a natural sequel. But these processes, though 
beneficial in some respects, and by no means disadvantageous to the port 
of Rouen situated 74 miles up the river, became seriously prejudicial to the 
port of Havre at its mouth. The entrance channels of this latter port began 
to shoal, sandbanks formed in the approachés, and Havre, as a port, was 
threatened with extinction. The training-works were arrested for a time. 
The gain to Rouen had been undoubtedly great; a serviceable channel 
was promoted and assured, so that, whereas fornierly vessels of between 
100 and 200 tons navigated the distance from the sea with difficulty, vessels 
of ten times tliat tonnage now effected the journey with ease. Moreover, 
the gain of land had appreciable advantages from a national point of view. 
Still, it was manifestly mistaken policy to consider that these benefits out- 
weighed a depreciation in the prosperity of the port of Havre.

The difficulty was met by providing Havre with a sheltered deep-water 
approach direct from the open sea, entirely beyond the influence of accretion 
in the estuary of the Seine. With this step, involving the construction of 
two breakwaters of considerable extent, inclosing a new harbour and the 
formation of an entrance facing south-west, and outside the estuary altogether 
freedom has been gained for prosecuting the training-works of the Seine, and 
these seem destined to be continued to the river’s mouth.

Navigable Routes.—It must be pointed out, from a navigational point 
of view, that the vagaries of a shifting channel do not always entail an entire 
change of route for shipping. Deep gullies and guts may be excavated on 
the site of former shoals, and adjacent gullies may be silted up; but vessels 
entering and leaving a port do not necessarily follow the line of greatest 
depth. Such a line may, in fact, be associated with the blind channels already 
alluded to. A navigable channel, as a rule, consists of a series of deeps 
separated by intervening ridges or shoals, and the serviceability of the 
channel is governed by the depths of the latter. When any one of the 
ridges becomes unduly high for the draught of passing vessels, then, in the 
absence of remedial measures, it becomes necessary to lay down another
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route; but so long as the depth of water is adequate, this step need not 

be taken.

Bars.

The rectification and improvement of harbour approaches involves not 

only the training of channels, but in many cases also the removal of a bar—in 

part, at least.

A bar is a ridge or narrow plateau, or even a series of several ridges or 

plateaus, lying across the entrance to a river or coastal inlet, and rising up 

above the general level of the sea or river floor in its immediate neighbour- 

hood, on both sides of it. When the altitude of the bar is sufficiently great to 

reduce the depth of water over its summit to an extent exceeding the limits 

imposed by the requirements of vessels using the entrance, it becomes an 

obstruction to navigation, and, in any case, it acts as an impediment to the 

development of the port or ports to which it is the threshold, and detracts 

from the navigable possibilities of the inlet.

Bars are to be found mainly in connection with tidal rivers; less often

Fro. 210. —Seetion of the Bar of the River Mersey, showing improvement 
due to dredging operations.

in connection with non-tidal rivers. On the other hand, some tidal rivers 

and many non-tidal rivers possess channels which, while they may be 

cumbered and rendered tortuous by shoals, are entirely unobstructed by 

bars The Mersey, the Dee, and the Rhone, for example, have bars of a 

very pronounced and indubitable character. The Thames, the Humber, and 

the Severn have channels which enter the sea without any marked obstruction 

at all.

The orig’in of bars has been the subject of some controversy. It was 

formerly pretty generally held that a bar was due to the detritus brought 

down by inland waters, and deposited at a spot where the effluent, by reason 

of its reduced velocity, was no longer able to retain the material in suspension. 

This argument may indeed hold good in the case of non-tidal rivers, where 

it has also been advanced to account for the formation of deltas; but in tidal 

waters the fluctuation of ebb and flow at the river’s mouth should obviously 

result in a dispersai of any such deposit as soon as it had formed, or even 

before the material had time to settle.

Another view was, that the source of the material being the same, its 

deposition is brought about by the meeting of conflicting currents, which
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created zones of slack water. Since, however, the meeting-places of such 

currents must necessarily vary to a considerable extent from time to time in 

accordance with the mutable conditions of tide, wind, and weather, the con­

tention does not seem powerful enough on its own hypothesis to account for 

a fixed bar ; and most bars are fairly stationary.

A third theory is that the widening mouth of a river, combined with a 

constant cross sectional area, naturally entails a reduction in depth. Against 

this it is to be urged that bars are almost universally abrupt mounds standing 

at slopes far steeper than would be the case above water, having regard, that 

is, to the angle of repose for the material, and that, therefore, they bear no 

apparent relationship to the much more gradual widening of an estuary.

The opinion now most generally held is that bars are the outcome of 

littoral drift, and tbat the chief causes of their formation are tidal currents 

and storms. Of these, the former agencies are more constant in action, and 

therefore perhaps more influential. The flood-tide, travelling along a shore 

which is being subjected to secular denudation, carries or rolls along with it a 

quantity of gravel, sand, and shingle, the motion of which is arrested when it 

cornes in contact with a counter-current issuing from the mouth of a river. 

This theory does not altogether account for the existence of prominent bars 

in localities where littoral erosion is not an evident process. In this case, it 

is contended that the natural tendency of wave motion is to produce irregu- 

larities in the bed of the sea, and that these irregularities in certain places 

have culminated in definite ridges and depressions. But here again the explan- 

ation seems to be inadequate, since a bar is a special ridge peculiarly associated 

with river mouths, and not by any means ubiquitous ; though, at the same 

time, it must be admitted that there are bars in existence off the coast-line, 

where no river finds its outlet, as, for instance, at Portland Bill.

Finally, it is to be noted that there are bars of indurated material, which 

are evidently of a permanent character and primeval origin, being due to 

the denudation of the sea floor and the attrition of its softer portions. Such 

ridges consist either of rock, tough boulder clay, or conglomerate, and they 

manifestly constitute features attributable to no transporting agency 

whatever.

The problem is one attended by some difficulties ; and it apparently does 

not admit of a single solution only. In many cases there are indirect causes, 

some of which are obscure ; while in general, the predominant tendencies are 

recognisable. On the whole, it seems fairly well established that the forma­

tion of the majority of bars, especially those in shallow, sandy estuaries, is 

attributable to the conflict between the external and internal physical agencies, 

and constitutes the régime under which the forces are in a state of equilibrium, 

more or less stable. Hence, if bars of this character be removed, there is 

every likelihood of their recurrence unless special preventive measures be 

taken. Bars of indurated material, ou the other hand, are such as to give no 

ground for any appréhension of this kind.
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Training-works.

For the purpose of training navigable channels, any or all of the following 

measures may be adopted.

(1) Training by means of Groynes. —Groynes are narrow jetties 

generally of timber, occasionally only of stone or conerete, projecting from 

the bank into the bed of the river at right angles to the direction of its flow. 

In some cases, the groyne is formed by sheet-piling driven continuously and 

bound together by horizontal runners; in other cases, detached piles are 

driven in a straight line so as to form, with longitudinal walings, a series of 

bays or panels, ranging in extent from 5 feet upwards to 20 feet or more. 

These bays are filled in with planking, laid horizontally on edge, and spiked

Fig . 211. —Timber Groyne.

to the piles, or by means of bundles of brushwood bound with wire, the 

interstices between the bundles being packed with clay and shingle. Bags of 

sand may be used for the same purpose.

The piles for groynes need not be of any great length ; a depth of from 

10 to 20 feet into the ground will generally suffice. As regards height, they 

will advisedly be brought at least to the level of the river bank, and as much 

above it as will serve to indicate the position of the groyne in times of flood. 

The body-work of the structure need not be carried higher than ordinary high- 

water level, if indeed so much as tbat.

Groynes are spaced at varying distances apart: sometimes at intervals 

equivalent to their own length, sometimes more or less than that standard, 

according to the special requirements of each case. They have the effect of
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warding the current off the bank to which they are connected, and of urging 

it towards the centre of its bed, and so producing a contraction in width. 

This contraction or concentration of the flow results in increased scouring 

action, and consequently in a deepening of the river bed.

As regards the river sides, the spaces between the groynes become 

gradually warped and acereted, and the accumulation of material intercepted 

by the groynes leads to the formation of continuous embankments marked by 

a series of crescent-shaped embayments. These embayments are due to the 

eddying action of the current, which also has a tendency to denude and 

undermine the outer ends of the groynes. The extremities, therefore, should 

be specially protected, or, at least, constructed in a very secure and substantial 

manner.

Groynes have been extensively used both in this country and abroad : 

notably on the Clyde, the Tyne, the Tees, and the Danube. They constitute 

a useful initiatory measure, in that they do not enforce too rigid repression 

upon a stream. Constructed primarily in short lengths, capable of extension 

by easy stages, they deflect the current gradually and with an absence of those 

violent changes of environment which are so liable to produce untoward results.

When accretion has been proceeding for some time, and the curreut has 

been induced to occupy its intended channel, the outer ends of the groynes 

will advisedly be connected by means of a continuous wall so as to form an 

unbroken front. This leads us on to the second class of work.

(2) Training by means of Walls.—The term “wall,” though in common 

use in this connection, is not strictly applicable to the whole class of structures 

included within its category. In the majority of cases the so-called walls are 

merely mounds of rubble stone ; sometimes the rubble does no more than 

form a rough surface paving or pitching to a slope, from 2 to 3 feet thick, or 

even less ; at other times it stands up to some height to a wedge-shaped 

section with a broad base. Moreover, the wall, whether a pitched slope, 

revetment, or upright mound, is far from being universally constructed of 

stone. Fascine mattresses, either singly or in layers, have been most success- 

fully adapted to all the functions of a training-wall. Slag and clay are also 

used, and, in minor cases, bags of sand.

The formation of a stone training-wall, though apparently a simple 

process, is attended by certain difficulties. Rubble, when deposited in a 

heaped mass, has every disposition to subside in a foundation of soft, saturated 

sand and mud, particularly when the action is fostered and assisted by the 

scour of a current along the base. The loss incurred in this way has to be 

made good, and further material deposited until a firm bearing is obtained ; 

and this result is not achieved, in many cases, without considerable outlay in 

supplies of stone.

In general practice, the rubble is thrown or tipped overboard by hand 

from punts and barges; but the process is slow, and, if the undertaking be 

at all extensive, it will prove a more expéditions and economical course to 

discharge from hopper barges. When dealt with in this way, the stone



-'3- HARBOUR ENGINEERING.

takes an initial slope of 1J or 2 to 1, which subsequently may become 

modified to 2 or 3 to 1.

Fascine work has been largely practised as a substitute for stone in 

cases where the bed of a river consists principally of quicksand incapable of 

supporting any great intensity of pressure. And as most estuaries are of a 

sandy nature, more or less uncertain and treacherous, it is a system which 

naturally suggests itself, in those cases, for adoption. Circumstances are 

particularly favourable to fascine work, for instance, in the sodden, low-lying 

land on the shores of the Netherlands, and at the outlets of the fenland on 

the east coast of this country.

The nature of fascine work has already been alluded to in connection with 

its employment for jetty construction (p. 171). For that purpose it is chiefly 

built up in the form of mattresses which are equally suitable for covering a 

large area of sloping bank, and for being raised in tiers. Where mattresses 

are not essential, faggots, or “ kids,” as they are locally called in Lincolnshire, 

consisting of 6-feet lengths of thorn branches, cut from hedgerows, and made

FASCINE WORK ANO ENCLOSURE EMBANKMEHT Scale ^AA *> Mléet

Fig . 212. —Fascine Work in the Wash.1

beim* 'rLaliiTb

up into bundles 3 feet in girth, may be utilised. These are lighter to lift and 

easier of manipulation. They are placed overboard, and weighted with sods 

and clay until they sink, the wall being built up in this way, witli the kids 

overlapping each other in transverse layers.

lhe interstices of fascines in a waterway rapidly fill with a deposit of 

earth and detritis, which soon solidifies, and the whole becomes a tough, 

composite bank, closely cohesive, and, at the same time, fairly flexible; so 

that it any undermining should happen to take place, no sudden, abrupt 

fractures would be produced, but the mass would settle uniformly, and no 

part of it would have any tendency to slip out of position into the fairway of 

the channel, as sometimes happens in the case of rubble walls. Moreover, 

the tenacity of brushwood offers effective protection, not only from the 

ordiuary scour of streams, but from the wash of passing vessels and the 

discharge of heavy rainfalls during periods of low water.

Arrangement of Walls. —-Training-walls are either single or double. 

Single walls only are necessary when the nature of the flow is such that 

erosion is confined to one side of a river, as is the case at bends. In inter- 

mediate positions and straight reaches, and also in places where it is desirable 

to direct a stream across from one bank to that opposite, two parallel walls 

1 Min. Proc. Inst. C.E., vol. xlvi., Plate 8.
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are requisite ; otherwise the stream will exhibit a tendency to spread, and the 

channel to shoal.

At the mouths of rivers, double retaining walls may be either parallel or 

splayed, and the splay may be inwards or outwards, so that the walls either 

converge or diverge as they approach the sea. Parallel retaining walls serve 

to maintain the downstream current unimpaired in streugth and velocity ; 

but if they are carried up to any height in tidal estuaries, they lead to an 

accretion which obstructs the flood-stream and excludes a considérable 

portion of the water which would otherwise enter the estuary. Another 

danger attaching to such walls is the likelihood of shoaling in the neighbour- 

hood of the entrance, due to the arrest of littoral drift by the walls. This 

drawback has manifested itself in a number of cases, and at Dunkirk, 

for instance, the jetties have been extended outwards from time to time, in 

order to reach deep water and to scour 

away the intermediate deposit which 

threatened to destroy the accessibility 

of the port. Moreover, parallel walls 

do little or nothing towards the dissipa­

tion of storm-waves passing in from the x^.

sea. It is from this point of view that I^

converging walls have been designed, \ £

the inclosed area being of the nature \ »

of a basin containing a relatively larger \’

mass of water, upon which external agita-\ 

tion has less effect. These walls, in fact, y 

are sometimes adapted so as to form s ea

compartnients called wave-traps (fig. Flo 213

213). The drawback of the system is 

the same as that mentioned in connection with parallel walls, viz., the 

reduction in volume, and consequently in scouring efficacy, of the influent 

waters. This objection, of course, only applies to tidal seas.

From this last standpoint, divergent walls are preferable, for with their 

splayed arms they admit the flood-tide freely and the outward flow of the ebb 

maintains the channel in that gradually widening form which is the ideal 

regime of an estuary. The contraction of the sides must not be too rapid, or 

there will be a tendency to throttle the inward flow, and pile up the tidal 

wave until it forms something of the nature of a “ bore ”—the term applied, 

in certain rivers, to an influx of water possessing a steep face and moving 

with considerable rapidity. This is dangerous alike to navigation and to the 

stability of the banks. It must be admitted that no great uniformity is 

exhibited in the expansive ratios of natural estuaries. They fluctuate exceed- 

ingly, and range, in parts, from something like 2550 feet to the mile in the 

Humber to little more than 100 feet to the mile in the Severn. On the whole, 

however, it may be said that a ratio of 2000 feet to the mile constitutes a suit- 

able standard for adoption.
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Height of Training-Walls. —The height to which training-walls should 

be raised is a moot point. If nothing more than the mere rectification of a 

channel be in view, the wall will only be of the nature of a low revetment, 

confirming and protecting the edge of a newly-formed bank, and need not be 

raised above low water level. It has been urged against this, that in a sandy 

estuary, a channel so formed would soon be silted up with sediment washed 

in from adjacent banks over the top of the walls. There is, however, no 

more reason why silting should take place under the new conditions than 

there is under the old, and it may be safely assumed that the stream is 

powerful enough to maintain its own bed.

If it be desired to form an entirely fresh channel, or to radically divert an 

existing one, something more definite than a mere revetment becomes 

necessary ; scarcely anything less than a half-tide wall will suffice to confine 

a stream within arbitrary limits and guide it through a novel environment. 

The teudency to resume a long-established course must always remain a 

powerful influence, if ever the compelling forces be modified or removed.

When land reclamation is defiuitely aimed at, training-walls will be first 

laid up to mean tide level, and then gradually raised until the level of highest 

high water is reached.

(3) Training by means of Dredging.1—Of all the agencies at work 

for the régularisation of channels and for the removal of natural impediments, 

there is none so effective and so powerful as dredging, exemplified, as it is, at 

the present day by machines of enormous size and tremendous capabilities. 

Natural scour is serviceable enough in its way, but it is only effective in soft, 

friable material. It is quite powerless to remove indurated ground within 

any reasonable time, and it has no influence whatever on huge boulders and 

rock. To all training-works, of whatever description, dredging is a most use- 

ful auxiliary, and there are few ports the entrance channels of which can be 

maintained without the aid of continuons and systematic dredging. It is, in 

fact, the recognised medium for the removal of bars and shoals. Nor are its 

operations confined to any one class of material. Dredging in rock is as 

feasible as dredging in alluvium, and boulders are removed as easily as sand.

At its first introduction, dredging was carried on by small and insignificant 

agencies, but the scope of present-day operations has become so vast and 

extensive as to necessitate the employment of extremely powerful plant and 

appliances. Such primitive expedients as “the bag and spoon,” “ the aqua- 

motrice,” and “ the rake,” except in very insignificant localities, have given way 

to large and imposing vessels, self-propelled, navigable, and specially equipped 

with machinery for dealing with something like from one to five thousand tons 

of material per hour.

The conditions of dredging work are exacting. Formidable obstacles are 

frequently encountered. Not only is the material dealt with of a very 

uncertain and varied character, ranging from impalpable mud to adamantine

1 Dredging appliances are fully dealt with and illustrated in Chapter III. of Dock 
Engineering.
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r o c k , a n d  f r o m  th e  m o s t f r ia b le  s a n d  to  th e  s t ic k ie s t c la y , b u t v ic is s i tu d e s o f  

c lim a te , w e a th e r , t id e , c u r r e n t , a n d  w in d , h a v e  a ls o  to  b e  r e c k o n c d  w ith , a n d  

o p e r a t io n s  m u s t g e n e r a l ly  b e  c o n d u c te d  in  s u c h  a  w a y  a s to  c a u s e  th e  le a s t  

p o s s ib le d is tu rb a n c e to th e e x is tin g c o n d i t io n s o f n a v ig a tio n . A ll th e s e  

m a tte r s c a u s e f r e q u e n t a n d  e x p e n s iv e s to p p a g e s  a n d  d e la y s . I n  s o m e  c a s e s ,  

th e  a c tu a l u s e f u l w o r k in g  t im e  o n ly  a m o u n ts  to  o n e - f o u r th  o f th e  w h o le  y e a r ,  

a n d  i t i s n e v e r  s a fe , u n d e r  a n y  c i rc u m s ta n c e s , to  r e c k o n  u p o n  m o r e  th a n  2 0 0  

w o r k in g  d a y s  p e r  a n n u m . A  v e r y  la r g e  p r o p o r t io n  o f t im e  i s ta k e n  u p  w ith  

r e p a i r s ; b r e a k d o w n s  a r e  a  c o m m o n  o c c u r re n c e , a n d  th e  e x p e n s e  a r is in g  f r o m  

th is  c a u s e i s n o  in c o n s id e ra b le  s u m . 1 Y e t , in  s p i te  o f a l l th e s e  d r a w b a c k s ,  

d r e d g in g  i s  a n  in s t i tu tio n  o f u n to ld  v a lu e . B y  i t s m e a n s p o r ts  a r e  b r o u g h t  

in to c o m m e r c ia l p r o m in e n c e a n d  s a v e d  f r o m  e x t in c t io n . N o  o th e r  s y s te m  

c a n  v ie w ith  i t .

T h e  principle of dredging, o r ig in a l ly  th a t o f d ig g in g  a n d  d r a g g i r ig , h a s  

b e e n  e x te n d e d  to  in c lu d e  p u m p in g , s o  th a t m o d e rn  d r e d g e r s  a r e  d iv is ib le  in to  

tw o  ty p e s : f i r s t , th o s e  in  w h ic h  th e  a c t io n  i s  m e c h a n ic a l  e r o s io n , a n d  s e c o n d ly ,  

th o s e in  w h ic h  i t i s h y d r a u lic  s u c tio n . I n  th e  m o s t r e c e n t m a c h in e s , b o th  

a c t io n s  a r e  c o m b in e d .

M e c h a n ic a l  e r o d e r s  c o m p r is e  s c r a p e r s , c u t te r s , p ic k s , b u c k e ts ,  a n d  g r a b s ,  

s > n g ly  o r  1 1 1 c o m b in a tio n .

S c r a p in g im p le m e n ts , a p a r t f r o m  s u c tio n a l a d ju n c ts , h a v e  o n ly  a v e r y  

r e s tr ic te d  a p p l ic a tio n . T h e y  a r e  in te n d e d  to  d is tu r b  a n d  c o m m in u te  m a te r ia l  

to  s u c h  a n  e x te n t a s  to  r e n d e r  i t  r e a d ily  r e m o v a b le  b y  th e  f o r c e  o f  th e  c u r re n t .  

B u t th e  p o w e r o f a  c u r r e n t to  m a in ta in  m a te r ia l in  s u s p e n s io n i s s t r ic t ly  

l im ite d , a n d  i t  s o o n  b e c o m e s  la d e n  to  i ts  f u l le s t c a p a c i ty . W h e n  th is  p o in t h a s  

b e e n  r e a c h e d , i t c a n  a b s o r b  n o  in c r e m e n t w ith o u t a n  in c r e a s e  in  v e lo c i ty , a n d  

a t  th e  f i r s t d im in u t io n  in  i t s  s p e e d  i t d e p o s i t s a  p o r t io n  o f i ts  lo a d . H e n c e ,  

m e c h a n ic a l s c o u r in g  r a r e ly  p r o d u c e s m o r e  th a n  a  s l ig h t d is p la c e m e n t, a n d  i t  

c e r ta in ly  i s  n o t  c a p a b le  o f  s u s ta in in g  o p e r a t io n s  o n  a  s c a le  o f  a n y  m a g n i tu d e .

C o m b in e d  w ith  a  s u c tio n  tu b e  a n d  p u m p , h o w e v e r , i t i s a m o s t u s e f u l  

a g e n c y . E x p e r im e n ts h a v e d e m o n s tr a te d th a t , w ith th e a id o f s u i ta b le  

c u t te r s  a n d  s c ra p e r s , m a r l, s t if f  c la y , a n d  a d h e s iv e  m a te r ia l g e n e r a l ly , m a y  b e  

s e p a r a te d  a n d  d is s e c te d  to  a  d e g r e e c o m p a tib le  w ith  i ts  r e m o v a l b y  p u m p in g .  

T h e c u t te r s e m p lo y e d a r e , g e n e r a l ly  s p e a k in g , c y l in d r ic a l in s h a p e , w ith  

s t ra ig h t o r s p i r a l b la d e s  m o u n te d  c o n c e n t r ic a l ly  r o u n d  th e  e x t r e m i ty  o f th e  

s u c tio n  tu b e . T h e  e f f ic ie n c y  o f  a  c u t te r  d é p e n d s  v e r y  la r g e ly  o n  i ts  d e s ig n , o n  

th e  s iz e , n u m b e r , a n d  s h a p e  o f th e  b la d e s  a n d  th e ir  p o s it io n s  r e la t iv e ly  to  o n e

1 T w e lv e  m o n ti is ’ r e c o r d  o f  U .S . d r e d g e r  “  G e d n e y ,”  w o r k in g  a t  e n t r a n c e  o f  N e w  Y o r k  

H a r b o u r  :—

A c tu a l  w o r k in g  t im e , p a r ts  o f  1 1 2  d a y s , e q u iv a le n t  to .

W o r k  p r e v e n te d  b y  w e a th e r  ( f o g , s to r m , e tc .)

O c c u p ie d  in  g e n e r a l  r e p a i r s  d u r in g  w in te r

O c c u p ie d  in  m in o r  r e p a i r s . . . . . .

L o s t  f r o m  o th e r  c a u s e s . . . .  . .

S u n d a y s  a n d  h o l id a y s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9 2 f  d a y s  

2 9 J

1 5 4

2 1

1 0
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another, and to the suction nozzle. Many of the earlier experimental forms 

were far from successful in their attempts to remove plastic material. The 

blades become clogged, and a very small proportion of solid matter forind its 

way into the discharge pipe. Substantial improvements have, however, been 

effected of late years, and a modern suction cutter dredger is quite capable of 

dealing with the most adhesive and tenacious materials.

Roek-eutting ’involves dredging appliances of a different type—those 

allied to the pick or hand-drill. A long, heavy cylinder of steel, fitted with a 

hard cutting-point, is raised, and allowed to fall by its own weight upon the 

surface of the rock, which it splinters and pulvérisés. The hardest rock yields 

to this treatment, and the blows are repeated until the fragments are reduced 

to the size of ordinary ballast ready for removal by a bucket or grab.

The Bucket Dredg'er is to be found either in the form of a continuons 

band of buckets, called the ladder dredger, or of a single bucket, worked at 

the end of a long arm or lever, and called the dipper dredger.

The first of these stands foremost in importance. The principle on which 

it is constructed is that of an endless chain connecting a series of buckets, 

which revolve continuously around two pivots, or tumblers, at different levels. 

The buckets excavate material at the lower tumbler, and discharge it into a 

shoot while passing over the upper tumbler. Dredgers of the ladder type 

present two varieties : those in which the ladders are centrally situated, and 

those in which the ladders are set at each side of the dredger.

The bucket dredger can remove sand, clay, shingle, and niarl, with equal 

facility, and it can even deal with the softer kinds of rock. In harder varieties 

of rock it follows in the wake of biasting operations, or of a rock-cutter. It 

will lift boulders of a moderate size. A dredger at Bristol, on one occasion, 

raised a boulder weighing 2j tons without the least damage to the bucket. 

Most dredgers working in glacial clay have had some experience of boulder- 

lifting.

The Dipper Dredg’er, with a single fixed bucket at the end of a long 

lever arm, is almost exclusively an American type. It is used mainly on river 

beds and channels where the working depth is not very great; for sea 

work in deeper and more exposed water, the ladder dredger shows to better 

advantage. Mounted on a barge, and working either from one end or through 

a well-hole in the centre, the lever makes a curved upward cut, and the con­

tents of the bucket, after slewing, are dropped into a seow or hopper ranged 

alongside.

The Grab consists of two or more curved plates, or jaws, capable of 

opening and closing in response to suitable mechanism. It is worked, to a 

very large extent, with the aid of gravity. Suspended by a chain or chains 

from the head of a crane jib, the bucket is allowed to fall freely by its own 

weight, with open jaws, until it buries itself in the ground. The jaws are then 

brought together, and the inclosed mass of earth is lifted. The economical 

scope of grab dredgers is limited to confined situations where other forms of 

dredger are unworkable.



ENTRÄNGE CHANNELS. 237

The pumping principle is represented by one type only—the suction 

dredger.

The Suction Dredg’er has proved itself to be unquestionably one of the 

most remarkable contrivances ever devised for the removal of subaqueous 

material, both in regard to the enormous extent of its output and the low 

cost of its operations. It is to some extent, of course, a special machine. 

There are, naturally, conditions and circumstances to which it is not applic­

able ; but they are few. It would be useless to expect it to dredge hard rock 

or to lift massive boulders. In all other cases, the efficacy of the suction 

dredger has been demonstrated beyond question.

The suction dredger consists essentially of a continuous pipe or tube, 

through which, by means of suitable pumping machinery, material is sucked 

up and discharged, either into a hopper forming part of the vessel itself, or 

into a scow ranged alongside, or through a shoot or tube leading to an 

adjacent bank or shore, which last arrangement lends itself very conveniently 

to land reclamation purposes. In the case of sand and light material, no 

preliminary treatment is necessary, but clay and marl have to be disintegrated 

by the cutters already alluded to, before they are in a condition to be drawn 

up the tube.

In exposed situations, such as prevail along the seacoast, the suction 

dredger possesses a marked advantage over apparatus of other types, the 

working of which is often materially interfered with by the motion of the 

waves. Equipped with telescopic pipes and flexible joints, the suction 

dredger readily adjusts itself to the rise and fall of the sea, and is quite 

independent of variations in level, either momentary or prolonged.

There is a great deal to be said, in extension of the foregoing remarks, on the 

relative advantages of the various types of dredgers, and there are many inter- 

esting features in connection with their working which might usefully claim our 

attention ; but space will not permit us to pursue the matter further here.

We turn now to the last item in our series.

(4) Training by means of Sluices.—The principle of sluicing is based 

on that of the ebb-tide current, which, flowing out of a coastal indentation, 

scours its passage as it goes. The application of sluicing, however, is 

restricted to channel deepening and maintenance. It is rarely, if ever, 

employed in channel-making.

In practice, a large basin or receptacle is provided, within which the 

tidal water, entering up to the time of high water, is impounded and sub- 

sequently discharged through sluices or outlets at or about low water. The 

most effective period for sluicing is during spring-tides, when the flood waters 

are large and the ebb level is low.

The method has been largely used in ports bordering on the English 

Channel and the North Sea, such as Dunkirk, Calais, Boulogne, Dieppe, 

Ostend, etc., where the discharge of a large volume of water in this way has 

been found highly serviceable in keeping the harbour entrance channels free 

from silt. The system has its drawbacks. The retaining basins tend to silt
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up themselves during the quiescent period of retention. To obviate this, the 

basin is, in some cases, as at Honfleur, only filled about the time of high water, 

when the influent is comparatively clear. In other cases, as at Ramsgate and 

Dover, the basin has been divided into two compartments, one of which is 
used periodically to cleanse the other.

Some harbours are equipped with a natural sluicing basin. Such is the 

case at Santa Ana, Curaçao, which is probably one of the finest natural 

harbours in the world. The Schottegat lagoon, behind it, forms a tidal basin 

2J miles in length, with a depth of 50 to 60 feet. At Yarmouth there is a 

magnificent backwater, receiving various tributaries and forming an immense 

reservoir of fresh and salt water, which serves to keep the harbour fully open, 

and even deepens the approaches.

In cases where the sluicing basin is fed with fresh water, it is desirable to 

note that the specific gravity of fresh water being less than that of salt water, 

there is a marked tendency for the lighter liquid to flow over the denser; and 

this phenomenon, which is a matter of ordinary observation, detracts some- 

what from the scouring effect of fresh water.

A coastal inlet or estuary may be transformed into an automatic sluicing 

basin by the construction, as at the mouth of the Liffey, of a low retaining 

wall, which becomes submerged above half-tide level. When the tide falls 

again below this level, the ebbing water converges to a contracted outlet, which 

sluices the harbour entrance.

Compared with dredging, sluicing is an agency not nearly so powerful or 

so effective. The head or pressure under which it acts is rapidly dissipated 

by the resistance which it encounters, and at some little distance from the 

source its scouring effeet is greatly reduced, and rendered but slightly appré­

ciable. Indeed, it may be said that sluicing, as a means of channel mainten­

ance, has practically been entirely superseded by dredging.

80 far as it is possible to deal in a single chapter with a subject which is 

capable of being expanded to an entire volume, the foregoing represents an 

attempt at a fair review of the methods by which the entrance chaunels of 

ports are improved and maintained. It only remains to append a few examples 

of work actually carried out in varions parts of the world, in order to afford 

some illustration of the manner in which general principles are applied to 

particular cases, and the modifications which have to be introduced to meet 
special local conditions

Instances of Channel Regulation Works.

Regulation Works at the Mouth of the River Weser.1—The 
estuary of the Weser has been undergoing a course of improvement since the 

year 1891, when Herr Franzius designed works consisting chiefly of two 

training-walls for the removal of a bar, caused by a division of the current 

which had existed for about thirty years, and had finally attained a length of

1 Franzius and Thierry on River Regulation Works in Germany, Min. Proc. Inst C li 
vol. cxxxv. ■ ■’
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up themselves during the quiescent period of retention. To obviate this, the 

basin is, in some cases, as at Honfleur, only filled about the time of high water, 

when the influent is comparatively clear. In other cases, as at Kamsgate and 

Dover, the basin has been divided into two compartments, one of which is 

used periodically to cleanse the other.

Some harbours are equipped with a natural sluicing basin. Such is the 

case at Santa Ana, Curaçao, which is probably one of the finest natural 

harbours in the world. The Schottegat lagoon, behind it, forms a tidal basin 

21 miles in length, with a depth of 50 to 60 feet. At Yarmouth there is a 

magnificent backwater, receiving various tributaries and forming an immense 

reservoir of fresh and salt water, which serves to keep the harbour fully open, 
and even deepens the approaches.

In cases where the sluicing basin is fed with fresh water, it is desirable to 

note that the specific gravity of fresh water being less than that of salt water, 

there is a marked tendency for the lighter liquid to flow over the denser; and 

this phenomenon, which is a matter of ordinary observation, detracts some- 

what from the scouring effect of fresh water.

A coastal inlet or estuary may be transformed into an automatic sluicing 

basin by the construction, as at the mouth of the Liffey, of a low retaining 

wall, which becomes submerged above half-tide level. When the tide falls 

again below this level, the ebbing water converges to a contracted outlet, which 

sluices the harbour entrance.

Compared with dredging, sluicing is an agency not nearly so powerful or 

so effective. The head or pressure under which it acts is rapidly dissipated 

by the resistance which it encounters, and at some little distance from the 

source its scouring effect is greatly reduced, and rendered but slightly appré­

ciable. Indeed, it may be said that sluicing, as a means of channel mainten­

ance, has practically been entirely superseded by dredging.

So far as it is possible to deal in a single chapter with a subject which is 

capable of being expanded to an entire volume, the foregoing represents an 

attempt at a fair review of the methods by which the entrance channels of 

ports are improved and maintained. It only remains to append a few examples 

of work actually carried out in various parts of the world, in order to afford 

some illustration of the manner in which general principles åre applied to 

particular cases, and the modifications which have to be introduced to meet 
special local conditions

Instances of Channel Regulation Works.

Regulation Works at the Mouth of the River Weser.1—The 

estuary of the Weser has been undergoing a course of improvement since the 

year 1891, when Herr Franzius designed works consisting chiefly of two 

training-walls for the removal of a bar, caused by a division of the current, 

which had existed for about thirty years, and had finally attained a length of

1 Franzius and Thierry on River Regulation Works in Germany, Min. Proc. Inst. C.E., 
vol. CXXXV.
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nearly 7 miles. One training-wall was situated on the left bank about 4| 
miles long, opposite Bremerbaven, and lying between that port and Imsum, 
and the second wall was on the right bank, 1 mile long, between Imsum 

and Wremen. These walls had the effect of reducing the excessive width of 
the river, and the increased velocity of the water produced a scour which 
removed completely 7 million cubic yards of sand in two years, and changed 
the position of anotlier 4| million cubic yards—all in a length of 12 miles. 
The movement of material, however, simply led to the formation of banks 
elsewhere, and a suction dredger of 500 I.H.-P. was ultimately obtained to 
keep open the channel to Bremerhaven for deep-draughted vessels, which it 
has done in a perfectly satisfactory manner. A second dredger of greater 
capacity was added, in 1898, as a substitute in case of damage to the earlier 
boat, possibly entailing lengthy repairs, and also in order to be in a position 
to deal with simultaneous shoaling of distant parts of the estuary.

The Robben Plate divides the outlet of the Weser into two streams, and 
there is a further subdivision at the West Ever Sand. In consequence of 

these obstructions, an outer bar had formed at the north end of the right-hand 
channel. To remedy this defect, in 1896 the branch stream between the East 

and West Ever Sands, which has a breadth of about two-thirds of a mile, was 
dammed by depositing a layer of weighted fascines, 3| feet in height, and in 
the following year a second layer was added. Simultaneously, protection 
works were carried out along the frontage of the Wurster Watt. The object 
in view during these operations was to attain a low-water depth throughout 
of 26 feet, so that there might be no restriction to the passage of deep- 
draughted vessels. This object was in due course attained.

It was also at one time proposed to block the channel lying to the left of 
the Robben Plate by means of a training wall and dam, as indicated in fig. 
214. The works, however, have not been carried out, as the channel has 
manifested a natural tendency to silt up, and it is considered that any artificial 
assistance in this direction is superfluous.

Writing in 1906 to the author, Herr de Thierry remarks:—

“The works begun in 1896 and 1897 between the East and West Ever 
Sands, and for the protection of the Wurster Watt, have been carried out and 
maiutained. The two dredgers, “Columbus” and “Franzius,” have been 

nearly constantly at work deepening and regulating the channel. The 
dredging of a deep channel caused difficulties between Imsum and Wremen, 
owing to a bank of boulders bedded in very stiff clay. The dredgers have 
worked chiefly at this place, and lower down, where the velocity of flow is 
sensibly decreased, on account of the branching off of the stream between the 
East and West Ever Sands. A low-water depth of 28 feet throughout was, 
however, notwithstanding these difficulties, achieved two years ago, and has 
since been easily maintained.”

Training-jetties at Tampico Harbour, Mexico.1—The improve- 
ment works at the mouth of the river Panuco, for the port of Tampico in Mexico,

1 Corthell on Tampico Harbour Works, Afin. Proc. Inst. C.E., vol. cxxv.
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consist of two parallel jetties which have been built out from the shore-line 

into the Gulf of Mexico. They are about 6700 feet long, and extend into 

24 feet of water, their direction being E.N.E., and they are 1000 feet apart 

between centre lines. Following the precedent of the work at the mouth of 

the Mississippi, Dr Corthell, their designer, constructed them of brushwood 

mattresses consolidated with rubble stone and detritus. The brushwood was 

obtained locally, either from the adjacent banks of the river, in which case it 

was conveyed by barges, or from near the railway, when it was transported 

by waggons provided with side-posts to retain the material, which, of course, 

though light, was bulky. The railway was specially extended from the town 

of Tampico to the mouth of the river for the purpose of conveying materials 

not only to the site, but also to their place of deposit. To this end, a trestle 

pier was constructed, which carried a double line of rails with several cross- 

overs. The mattresses were slung from the pier, between the underside of the 

pile caps and the surface of the water.

“For building the mattresses, supports of pine scantling, about 3 inches 

by 8 inches and of a length equal to the width of the mattress, were suspended 

athwart the jetty line from the caps and stringers of the pier, by means of ropes 

so arranged that they could be easily and simultaneously released. On the 

skids were laid other lines of scantling 3 inches by 6 inches, for about 60 feet, 

the length of the mattress lying longitudinally with the jetty. In these 

scantlings, forming the bottom framework of the jetties, there were inserted, 

before being laid on the skids, irou rods f inch in diameter and of the length 

required for the thickness for the mattress, which ranged between 4 feet to 

7 feet. These longitudinal strips were placed 5 feet apart on the suspended 

skids, with the rods upright; the brush was then brought to the work, either 

in a barge alongside when the sea was smooth, or by cars overhead if the 

sea was rough. It was packed as closely as possible, first in a layer athwart 

the jetty, and then in a layer lengthwise with the jetty, and so on, until the 

required thickness was obtained. Mattress strips, or scantlings, of the width 

of the mattress, were then placed over these rods ; and by means of heavy 

mallets and powerful “grip” levers, with an iron jaw to take hold of the rod, 

a pull of 3000 Ibs. was brought to bear, and the mattress was compressed about 

20 per cent. The rods were then bent down over the strips to hold them 

securely.”

The character of the brush was not altogether satisfactory ; it was gener­

ally crooked and very stiff, and did not yield to compression during construc­

tion, or give way to form solid work until it had been heavily loaded a long 

time with stone under water. For this reason, the final compression after 

loading was iiearly 50 per cent, of the bulk of the mattress on completion.

“ Between six and twelve waggon loads of riprap stone, each car carrying 

about 12 cubic yards, were then usually hauled by the locomotive to the 

point over the mattress. The ropes suspending the mattress were released, 

and the stone from the waggons thrown on to it, causing it to sinit out of 

sight in a few moments. Mattress work was thus carried on when it would
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h av e b ee il im p o ssib le to d o so w ith a flo a tin g eq u ip m en t. B y  th is m eth od  

o f co n stru c tio n , w h ich , w ith  so m e  ch an g e in d e tails, w as fo llo w ed th ro ug h o u t  

th e w o rk , th e m attresses w ere b u ilt ro u n d th e p ile s, o f w h ich th e re w ere  

b e tw een fo u r an d e ig h t in each b en t, th e b en ts b e in g 1 5 fee t ap art. T h e  

o n ly  m o d ifica tio n  w as in  th e  v ary in g th ick n ess an d w id th o f th e m attresses, 

an d in o ften su b stitu tin g J-in ch ro d s fo r th e sm alle r ro d s in th e co rn e rs  

o r o u te r s id es . O n ly o n e o r tw o o f th e m attresses w ere in ju red b y th e  

w av es.”

A s th e  so u th  je tty  w as o n th e  o p p o site s id e o f th e  riv e r fro m  th e  ra ilw ay  

te rm in u s , it w as n ecessary  to  fe rry  th e w ag g o n s o f ro ck  an d  b ru sh w oo d  ac ro ss. 

T h is w as d o n e b y a “  m o d el ” b arg e , w ith tw o track s h o ld in g s ix w ag g o n s, 

ap ro n s b e in g  a rran g ed , ad ju stab le  to th e tid e , a t th e en d o f a sh o rt p ie r o n  

each  s id e o f th e  riv er. A  lo co m o tiv e fo r h au lin g th e w ag g o n s o n th e so u th  

s id e w as fe rried  o v er, an d  u sed  b e tw een th e  b arg es an d  th e  w o rk .

T h e to ta l am o u nt o f b ru sh w oo d u sed o n th e je ttie s u n til th e c lo se o f  

th e ir co n struc tio n in 1 8 9 2 , w as 3 9 0 ,5 3 2 cu b ic y ard s; o f ro ck , 3 7 3 ,0 4 8  

cu b ic y ard s; an d o f p in e p ilin g , 2 5 3 ,3 4 7 lin ea l fee t.

D r C o rth ell fu rn ish es th e fo llo w in g  d e ta ils o f ac tu a l co st :—

s . d.

U n creo so ted  p ile s fro m  th e  U n ited  S tates,. . 1

U n creo so ted P a lm a  o r o th e r ap p ro ved  n a tiv e p iles , 

C reo so ted  p ile s fro m  th e  U n ited S ta tes , . 2

M attress w o rk ,. ......  6

B ru sh  w o rk , .......  4

L arg e  s to ne  (n o t ex ceed in g 3 cu b ic y ard s), . 9

S m all s to n e  (n o t ex ceed in g  |  cu b ic  y ard ), . . 7

C o n cre te b lo ck s , ......  4 1

4 J p er lin ea r fo o t. 

1 1  

så

2 p er cu b ic y ard .

^i»
3

^

8

T h e p rices in c lu d e n o t o n ly  th e  m ateria ls n am ed , b u t a lso  a ll iro n , s trap s , 

fa s ten in g s, ties , scan tlin g , fram ew o rk , e tc ., req u ired  fo r th e ir u se .

W av e B asin a t W estp o rt H arb o u r, N ew Z ea lan d .1— “ W estp o rt 

H arb o u r is s itu a ted  a t th e m o u th o f th e B u lle r R iv er, o n th e w est co ast o f  

th e m id d le is lan d  o f  N ew  Z ea lan d , an d  is th e m o st im p o rtan t co a l p o rt o f th a t 

co lon y . T h e  riv e r d ischarges in to  th e T asm an S ea , u early  a t rig h t an g les to  

th e co ast-lin e . A b o u t 6 m iles to th e w estw ard o f th e en tran ce a n a tu ra l 

sh e lte r fro m  th e  p rev a ilin g  so u th -w esterly  w in d s is fo rm ed b y  C ap e F o u lw in d  

an d  th e  S teep les .”

T h e  ex tern a l w o rk s, d esig n ed b y S ir Jo h n C o o d e an d co m p leted  in 1 8 9 3 , 

co n sis ts o f tw o  co n v erg in g  b reak  w ate rs  o f g ran ite  ru b b le  a ffo rd in g  an  en tran ce  

w id th  o f 7 0 0  fee t in th e c lea r. T h e b reak w ate rs w ere sp lay ed in w ard ly in  

p lan , in  o rd er to  p ro v ide w av e-b asin s o n each  s id e o f th e  riv e r fo r th e  d issip a ­

tio n  o f h eav y  seas d u rin g  g a les . It h as b een fo u n d , h o w ev er, b y  M r R aw so n , 

th e en g in ee r to th e W estp o rt H arb o u r B o ard , th a t th e b asin o n th e w est 

s id e w as u n n ecessa ry , an d  a rra in in g -w a ll, th e ex p en se o f w h ich m ig h t h av e  

1 R aw so n  o n  W estp o rt H arb o u r, Min. Proc. Jnst.. C.E., v o l. cx x x v i.

1 6



242 HARBOUR ENGINEERING.

been saved if the western breakwater had been run strarght to a point, 1000 

feet higher up the river bank, has since been constructed. “ The entrance 

is open to gales from the north-north-west to the north-north-east, but the
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heaviest seas are experienced from the north-west ; in exceptional cases, 

occurring perhaps not once in a year, these seas break about one mile out in 

about 8 fathoms of water, and from thence to the bar is a mass of broker)
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water. On ordinary occasions, however, the break is close to and on the 

bar ; and in what is considered a very heavy sea, the waves range between 

about 10 feet and 12 feet in height.” From whatever quarter they corne, 

the seas are broken on the shoal within the harbour and completely dis- 

sipated in the eastern wave basin.

Entrance to Richmond River, N.S.W.1—The Richmond River is 

one of the most important rivers in Australia, serving a large agricultural 

and farming district. Owing, however, to the cultivation carried on along 

its bank, the flood waters are heavily charged with silt, and this naturally 

results in considerable deposits in the vicinity of the entrance. This dele- 

terious action is somewhat counteracted by occasional heavy floods, which 

scour the channel, although only a small percentage of the rainfall over the 

basin finds its way into the river, owing to the permeability of the soil and 

the natural reservoirs formed by swamps. The great drawback to the 

Richmond River has been the shifting character of its entrance, combined 

with a shallow bar and adjacent shoals. These evils were intensified by the 

conflict of the waters of North Creek with those of the main river at their 

point of meeting, between East and West Ballina.

The position of the entrance has shifted through a distance of more than 

IL mile, and it has also been noted that floods have caused the channel to break 

through the Southern Spit on four occasions in thirty-five years. Thus, the 

navigation of the port has been dangerous at all times, and on many occa­

sions impossible.

In 1888, Sir John Coode was invited to report upon such means as were 

available for fixing the channel and regulating its width, so that the scour 

might be confined to a definite track of proper proportions; to neutralise the 

obstruction offered by certain rocks near the mouth of North Creek ; and to 

prevent the conflict of the waters from the North Creek with those from the 

main river. The remedial works executed, and in course of execution, are 

shown in fig. 218. .Some of these works have been carried out as designed; 

others have been somewhat modified in accordance with experience gained 

during the course of operations. The main features are sufficiently intelligible, 

and the only point calling for particular notice is the somewhat unusual 

addition of a middle training-wall.

“The construction of the new middle training-wall,” says Mr Burrows, 

“ which reaches ordinary high-tide level for the greater part of its length, was 

determined upon by Mr Darley, then engineer-in-chief, at a time when the 

unfinished condition of other works in progress allowed a large sand-spit to 

form across the area between the mouth of North Creek and the south wall, 

and it was found necessary to train the tidal currents of the river at this 

place, so that the discharge at ebb-tide would tend to prevent the spit in- 

creasing the obstruction to navigation at the river entrance. Gaps or open- 

ings were left in the wall for the preservation of the old navigable channel

1 Burrows on Improvements at Entrance to Richmond River, Afin. Proc. Inst. C.E., 
vol. clx.
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along the south wall, until a new channel should be dredged along the north

side of the middle wall.” The results obtamed have proved satisfactory.
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The dredging of a channel through indurated sand affords an interesting 

comparison of the relative efficiency and eeonomy of a suction dredger and a 

bidder dredger respectively, both working in the same material. The suction 

dredger “ Dictys” was fitted with revolving cutting gear, without which she 

would have been useless, and the spoil was deposited over au adjacent wall, 

by nieans of pipes laid on pontoons, into a blind channel which had to be 

filled up. The bucket dredger “Alcides” followed in the wake of biasting 

operations, which were carried out cheaply and expeditiously, as the material 

was easily bored by a water-jet working at a pressure of about 80 Ibs. per 

square inch, and a hole could be put down in this soft rock at the rate of 1 

foot per minute. Nobel’s Glasgow dynamite was used, and four holes were 

exploded simultaneously by an electric battery, the ladder dredging following 

and lifting the débris into hopper barges for conveyance elsewhere.

The following is a tabular statement of the result of a period of working 

extending over a year :—

Name 
of 

Dredger.
Type of Dredger.

Period 
of 

Test.

Elfective 
Work 
done.

Rate per 
Month.

Cost per 
Month.

Cost per 
Cubic 
Yard.

Minimum 
Rate per 

Cubic Yard 
per Month.

Alcides

Dictys

Single ladder, withi 
boring-punt, diver,I 
explosives, and tug- f 
boat J

Pump with cutting gear

Months. 

12 

15

Cubic yds.

17,580

15,163

Cubic yds.

1,465

1,011

£

400

250

s. d.

5 5J

4 111

s. d.

3 9

3 0

The comparison as regards output lies in favour of the bucket dredger ; 

but as no towing of dredged material was necessary in the case of the suction 

pump, the cost of working by the latter system was lower. Possibly it might 

have been lower still, as at the commencement of the period some experi­

mental work was being carried out with various kinds of blades in the cutting 

gear, to ascertain the most effective form, with the result that the original 

cutters were retained with but slight modification. The cost given in the 

statement includes wages, stores, repairs, etc., but excludes any interest on 

capital cost or charge for depreciation.

Entrance Channel to the Port of Ostend.—The fairway leading 

to the quays of the port of Ostend is maintained by a dual system of 

dredging and sluicing. Up to the year 1898 sluicing alone was in vogue, and 

its effects were deemed satisfactory and adequate. This was perhaps more 

particularly the case in the interior of the channel, which was subject to 

silting of a very light nature, the material being chiefly mud. At the 

entrance and in- the external fairway, the results were not quite so pronounced, 

owing to the more compact and sandy nature of the deposit.

When, in 1898, new works were undertaken for the development of the 

accommodation of the port, two out of the three existing sluicing basins were
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withdrawn from use, and have since been demolished, their sites being used 

for other purposes. A new sluicing basin of much larger area has been 

designed to take their place.

At the same time, it was recognised that with the increased depth re- 

quired for modern shipping it would be impossible to realise an effective 

maintenance service by means of sluicing operations alone. Dredging, there- 

fore, was introduced as an auxiliary. The peculiar conditions appertaining 

to the port of Ostend are thus set forth by Mr Van der Schueren in his 

communication to the International Navigation Congress.1

“ We have pointed out that the method adopted at Ostend for preserving 

the navigable depth of its channel, consists of a combination of sluicing and 

dredging.

“ It may be objected that what can be obtained by sluicing can be equally 

well obtained from dredging, and that it is not necessary to have recourse to 

the combined system. At most, it would be a question of cost. It would be 

necessary to ascertain whether the mixed system is more economical than 

that of dredging alone. Yet, it is not certain that from this particular point 

the advantage would lie with the combined system

“But, in our opinion, the preceding considérations are of secondary 

importance, and ought not to furnish a basis for the solution of the problem.

“ In point of fact, under the conditions in which the sluices were installed 

at Ostend, these latter not only serve to maintain the inner channel, but also, 

and specially, they maintain the deep berth in front of the new tidal quay, 

where navigation requires 26 feet of water at low tide.

“Owing to the prevalence of mud in the port, a rapid diminution in 

depth may be expected to take place, unless very powerful counteracting 

agencies are brought into play, combatting the silting tendency without 

relaxation or discontinuance.

“ lu default of sluices, dredging would be essential at the foot of the tidal 

quay; this would entail the occupation of the quay berth by eumbersome vessels, 

as inconvenient from the point of view of navigation as from that of trade.

“ There is therefore every reason for limiting dredging operations at the 

tidal quay, and, from this point of view, sluicing has its advantages. It reduces 

the inconveniences to a minimum by considerably diminishing the quantity 

of material requiring to be dredged.”

The new sluicing basin has an area of nearly 200 acres, and its contents 

are discharged through six openings each 16 feet 6 inches in width.

Régulation Works on the Rhine.2—“The Rhine, between Mainz and 

the Dutch frontier, has been systematically regulated in wide, shallow reaches, 

chiefly by projecting spurs or dykes, generally extending into the river from 

one bank, but occasionally from both banks where the conditions are un- 

favourable, as, for example, in a wide reach between two bends ; and sometimes

1 Van der Schueren on Curage des Ports Maritimes, Proc. Int. Nav. Gong. 
Dusseldorf, 1902.

2 Vernon-Harcourt on Dusseldorf Congress, 1902, Min. Proc. Inst. C. E., vol. clii.
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longitudinal dykes have been resorted to, connected usually with the river 

bank by cross dykes. These dykes consist chiefly of earthwork mounds, 

protected on the face by rubble or pitching, with a rubble mound on tne 

exposed toe ; and occasionally fascines are employed in conjunction with

stoue, or a rubble mound aloue. These régulation works have, for the greater 

part, been gradually carried out during the latter half of the nineteenth 

century; and two examples of somewhat recent and extensive regulation 

works, constructed about half-way between Biebricli and Bingen and just 

above Königswinter respectively, are illustrated in ligs. 219, 220. These
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works, in coiijunctioii with dredging, where necessary, have provided a 
navigable depth, at the ordinary low stage of the river, of 10 feet from the 
Dutch frontier up to Cologne, and 8| feet between Cologne and Caub at the 
base of the steep slope below Bingen; above which point the available depth 
at average low water is reduced to 6| feet, which is maintained up to 
Philippsburg about 22j miles above Mannheim.

The Port of New York.—There are two navigable entrances (fig. 8) to 
the port of New York. One, which is frequented by transatlantic liners and 
ocean-going vessels generally, is flanked by Sandy Hook on the south and by 
Coney Island on the north, and opens directly on to the Atlantic Ocean; the 
other is an arm of the sea hemmed in between Long Island and the mainland, 
known as Long Island Sound as far as its juuction with East River at Hell 
Gate, and forming the principal route for coasting vessels trading to and from 
the northern states and the Canadian provinces.

These entrances present features of direct and striking contrast, both in 
regard to their nature and the means adopted for their amelioration. The 
main entrance is broad and spacious, and, fronting the Atlantic, is exposed to 
all its storms. Moreover, it is beset with shoals and sandbanks. Sandy Hook 
itself is but a low-lying bank, more or less submerged, and varying from time 
to time in form and extent.

Obviously, for such a regime, the process of suction dredging forms the 
proper system of treatment, and this has been carried on for a number of 
years past with eminently satisfactory results. There is at present a 

minimum navigable depth of 30 feet at low water along the main ship channel, 

and operations are well advanced towards the attainment of a depth of 40 feet 
along a new and shorter route known as the Ambrose Channel.1

The tidal current is moderate. At the crest of the bar it rarely exceeds 
li knots, and within the limits of the inner channels its maximum rate is 
from 2 to 2J knots.

The Long Island entrance is characterised by a sinuous course, under- 
going frequent and abrupt changes of direction. It is comparatively sheltered, 
but has to wind its way amid the intricacies of an archipelago of inlets and 
rocky reefs, some of the latter rising above the water level, but many of them 
totally submerged and fraught with danger to navigation. The currents, 
moreover, are rapid, reaching at certain points a speed of 10 knots, and eddies 
are numerous. The impetus thus generated, combined with the irregularities 
of the course, have been, in times past, the cause of numerous disasters to 
shipping, particularly in the neighbourhood of Hell Gate, where the stream 

is deflected at right augles past Hallet’s Point, to be split up into a multitude 
of rivulets amid the hidden reefs which abounded at that point. By means 

of blasting operations, however, on an extensive, not to say gigantic scale the 
worst of these obstructions have been removed, and the channel is now 
navigable in comparative ease, and, at anyrate, with safety.

1 A ruling depth in the Ambrose Channel of 35 feet at lowest ebb tide, throughout a 
width of 1000 feet, was reported to have been realised in August 1907.
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CHAPTER X.

CHANNEL DEMARCATION.

Value of Systematic Démarcation —Régulation and Supervision of Channel Marks—In- 
dependence of Authorities—Fundamental Characteristics of Signais—Beacons—Buoys 
—National Systems—Trinity House Régulations—Design of Buoys —-Channel Lighting 

■—Luminous Buoys—Wigham Burner—Pintsch System—Lightships—Suspension of 
Floating Lights—Luminous Beacons and Lighthouses—Incandescent Burners—Light 
Concentration—Reflectors and Lenses—Catoptric, Dioptrie, and Catadioptric Systems— 
Range of Light—Identification of Stations—Sound Signais—Audible Buoys.

Importance of Channel Demarcation.—One of the most essential 

features of a modern port is a clear and systematic demarcation of the 

channels by which it is approached from the open sea. Be the channels long 

or short, winding or comparatively straight, the necessity is universally and 

incontrovertibly evident, since, in the absence of such guidance, ships run the 

risk of grounding on the shoals and banks which fringe the coast-line of nearly 

every maritime country. Few ports are endowed by nature with an illimit- 

able expanse of open fairway, and, in the majority of cases, restrictions and 

precautions of no inconsiderable perplexity have to be observed. This is more 

particularly the case with those ports which lie in deep coastal and estuarine 

indentations, or inland upon the banks of some navigable river within the 

range of tidal influence. Fluctuations of depth, combined, in many instances, 

with the eccentricities and vagaries of currents, are a source of continuai 

apprehension to the mariner, who has most generally to fall back on special 

local assistance in order to reach his destination. Yet there are circumstances 

under which such assistance may not be forthcoming; and, apart from this, 

there is always the desirability of according harbours and ports the füllest 

possible measure of safe and convenient access. Too much importance, 

therefore, can hardly be attached to the proper and effective delimitation of 

navigable channels.

In a maritime country one would naturally expect to find a matter of such 

vital interest to the community dealt with on broad and systematic lines, and 

the methods adopted carried to a very high state of perfection. Uniformity 

of practice and treatment would appear to be the most obvious of desiderata. 

Yet it must be confessed that, until comparatively recently, the demarcation 

of approacli channels was regarded, to a very great estent, as a matter of 

almost purely local importance, and it was largely left in the hands of 
250
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district authorities with little, if any, attempt at national supervision. The 

inévitable conséquence was a diversity of practice, which served to puzzle and 

confuse the navigator rather than to assist him. Each port adopted a system 

of its own, without reference to the broader interests of the country at large, 

and different rules and regulations were laid down in various quarters, which 

oftentimes proved as conflicting as they were involved.

This lack of proper and effective centralisation is, of course, no un- 

common feature of British administrative methods, being due, in a great 

measure, to the spontaneous origin and independent growth of the national 

institutions. The fact is none the less regrettable, in that while the 

attendant evils do not always manifest themselves so prominently as to 

attract public notice, and bring about much needed reform, they invariably 

result in extravagance and confusion. Fortunately, in such cases, the 

natural trend of events is towards the establishment of a hegemony of sonie 

kind or another, even though it be imperfect and ill-deHned. This tendency, 

which is manifestly one to be fostered and encouraged, has shown itself in 

the present instance.
There are still in existence, within the limits of the United Kingdom, three 

separate bodies endowed with the control of the lighting and buoying of the 

British coast-line.1 These are Trinity House, London, primus inter pares, the 

jurisdiction of which extends from Berwick-on-Tweed round to the Solway 

Firth ; The Commissioners of Northern Lights, who administer the coast-line 

of Scotland and the Isle of Man; and the Commissioners of Irish Lights, 

formerly the Dublin Ballast Board, who discharge similar duties in respect to 

Ireland. Apart from these corporations, however, though under their 

respective suzerainties, there are numerous local authorities exercising control 

within the limits of their several boundaries. Thus, the demarcation of the 

approaches to the river Mersey is in the hands of the Mersey Docks and 

Harbour Board; while the higher reaches of the same river are administered 

by the Upper Mersey Navigation Commissioners. Hull Trinity House super­

vises the Humber and its precincts ; and the Corporation of Lynn, the 

channels of the Wash. Trinity House, London, looks after the Thames.

Some little time ago there was held a conference which was attended by 

representatives of Trinity House, the Admiralty, and other interested parties. 

At this conference a series of regulations were formulated, and recommended 

for general adoption by all port authorities in this country. These regulations 

will be referred to in detail later. It is interesting, however, here to note 

that this step towards the general standardisation of chaunel marks has met 

with approval and success. In fact, a similar congress, but representing far 

wider interests, and international in character, assembled in Washington in 

1899, and drew up certain principles for the regulation of navigable water- 

ways in general, and these principles have become recognised on the continent

1 In September 1906 a commission was appointed by the Government to report on the 
respective fonctions of these bodies, with a view to some method of co-ordination or 

amalgamation.
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of Europe and in America as a definite basis for the establishment of a 

systematic code of channel signals.

Fundamental Charaeteristics of Channel Signals.• —-Dealing with 

the question, ab initio, it will be evident that the essential features of any 

satisfactory system of démarcation are—

(1) Conspicuousness, by which the marks or signals may be seen from a 

considerable distance.

(2) Individuality, by which they may be definitely recognised and dis- 

tinguished, combined with

(3) Simplicity in regard to their signification, and

(4) Invariableness or unalterability of character.

In the daytime, these conditions are generally fulfilled by beacons and 

buoys of definite shape and hue; and at night, by lights of a certain range, 

intensity, and colour.

To avoid confusion, it will be desirable, as far as possible, to restrict the use 

of the term “ beacon ” to fixed, and of the term “ buoy ” to floating structures. 

The surmounting signal of a buoy, however, is commonly also designated a 

beacon. Both buoys and beacons may be used as a means of illumination, 

but it is solely in regard to their construction and outline that they will be 

considered in the first instance.

Beacons.—Beacons, then, are prominent objects or structures on the

Fro. 221. —Beacon. Fig . 222. —Beacon.

coast-line or on a river bank, capable of acting as a means of alignment, 

or as an indication of change of direction. Natural objects, such as lofty 

isolated trees; topographical features, such as the edge of a cliff or the 

summit of a hill ; and prominent structures of any kind, such as windmills 

factory chimneys, and church steeples, may all be used as beacons. When 

special erections have to be made, they generally take the form of a wooden
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framework tapering from a wide base to a narrow top, or forming some 

distinctive geometrical figure, such as a triangle or lozenge. It is essential, 

of course, that the beacon should stand out clearly against its background, 

and the steps necessary to secure this end will vary according to circum- 

stances. One method is to paint the front surface chequerwise in different 

colours; another to paint it all one colour, and so on.

Buoys.—The difficulties attending the design of a beacon, evident as 

they are in many instances, are not so great as those involved in the case 

of a buoy. Steadiness and erectitude are qualities not easily conferred upon 

floating structures, while the same precision in regard to locality is impossible 

of attainment. Buoys have to be moored to sinkers, and the length of cable 

varies from two to three times the maximum depth, which in itself, in tidal 

situations, is susceptible of considérable fluctuation, so that a buoy is capable of 

mobility within a circle of not inconsiderable diameter. This renders buoys un- 

suitable for imparting accurate guidance in regard to alignment. As a general 

rille, their utility is limited to indicating the proximity of shallows in their 

immediate neighbourhood.

The limiting width of chan- 

nels is indicated, in fact, by two 

lines of buoys, one along each 

boundary. These are termed 

starboard and port hånd buoys, 

according as they lie to the 

right or left of the mariner 

who is approaching a port from 

seaward. Generally speaking, 

the maximum distance be- 

tween two consecutive buoys, 

on either hand, is a mile or a 

mile and a half in wide estu- 

aries, and the minimum, per- 

haps 300 yards in narrow 

channels, exclusive, that is, 

of turning-points.

National Systems of 
Buoyag’e. —It is interesting 
in this connection to compare 

the practice of this country 

with that of France and Ger­

many. In English practice 

spécial stress is laid upon the 

shape of the buoy structure;
Fig s . 223-225. —National Systems of Buoyage.

more so than in French practice, where colour is every whit as essential as 

form. Climatic conditions have something to do with this, for on the English 

coast the state of the atmosphère is often unfavourable to the ready per-
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ception of colour at a distance. It is true that colours may be, and are, used 

in this country as an additional indication, but their use is entirely subsidiary 

and may vary locally; while in France colour takes precedence of shape. 

Shape is not entirely disregarded, but the distinction is confined to a 

surmounting signal, and does not affect the buoy structure as in England. 

German signals differ from both French and English signals. The series 

of diagrams in figs. 223 to 225, have been arranged in juxtaposition so as to 

illustrate the divergencies in type of all three nationalities.

Trinity House Régulations.—The following is a transcript of the 

regulations adopted in this country in accordance with the uniform system 

of buoyage approved by the General Lighthouse Authorities of the United 

Kingdom :—

“1. The mariner, when approaching the coast, must determine his 

position on the chart, and must note the direction of the main stream 

of flood-tide.

“ 2. The term Starboard Iland shall denote that side which would 

be on the right hand of the mariner, either going with the main stream 

of flood or entering a harbour, river, or estuary from seaward ; the term 

Port Hand shall denote the left hand of the mariner, under the same 

circumstances.

“3. Buoys showing the pointed top of a cone above water shall be 

called Conical, and shall always be Starboard Hand buoys, as above 

defined.

“4. Buoys showing a flat top above water shall be called Can, and shall 

always be Port Hand buoys, as above defined.

“5. Buoys showing a domed top above water shall be called Spherical, 
and shall mark the ends of middle grounds.

“6. Buoys having a tall central structure on a broad base shall be called 

Pillar buoys, and, like other special buoys, such as Bell buoys, Gas buoys, 

Automatic sounding buoys, etc., etc., shall be placed to mark special positions, 

either on the coast or in the approaches to harbours, etc.

“7. Buoys showing only a mast above water shall be called Spar buoys.

“8. Starboard Hand buoys shall always be painted in one colour only.

“ 9. Port Hand buoys shall be painted of another characteristic colour, 

either single or parti-colour.

“ 10. Spherical buoys at the ends of middle grounds shall always be 

distinguished by horizontal stripes of white colour.

“11. Surmounting ’ beaeons, such as Staff and Globe, etc., shall always 

be painted of one dark colour.

“ 12. Staff and Globe shall only be used on Starboard Hand buoys; Staff 

and Cage on Port Hand ; Diamonds at the outer ends of middle grounds and 

Triangles at the inner ends.

“ 13. Buoys on the same side of a channel, estuary, or tide way, may be 

distinguished from each other by names, numbers, or letters, and, where 

necessary, by a staff surmounted with the appropriate beacon.
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“ 14. Buoys intended for MooringS, etc., may be of shape or colour 

according to the discrétion of the authority within whose jurisdiction they 

are laid; but for marking submarine telegraph cables, the colour shall be 

green, with the word ‘ Telegraph ’ paiuted thereon in white letters.

“ 15. Wreck buoys in the open sea, or in the approaches to a harbour or 

estuary, shall be coloured green, witli the word ‘Wreck painted in white 

letters on them.
“ 16. When possible, the buoy shall bc laid near to the side of the wreck 

next to mid-channel.
“ 17. When a wreck-marking vessel is used, it shall, if possible, have its 

top sides coloured green, with the word ‘Wreck’ in white letters thereon, 

and shall exhibit :—
“ By day : Three balls on a yard 20 feet above the sea, two placed vertically 

at one end and one at the other, the single ball being on the side nearest 

to the wreck.
“ By night: Three white fixed lights similarly arranged, but not the 

ordinary riding light.

“ 18. In narrow waters or in rivers, harbours, etc., under the jurisdiction 

of local authorities, the same rules may be adopted, or, at discretion, varied 

as follows :—
“When a wreck-marking vessel is used, she shall carry a crossyard 

on a mast with two balls by day placed horizontally, not less than 6 

nor more than 12 feet apart, and two lights by night similarly placed. 

When a barge or open boat only is used, a flag or ball may be shown in 

the daytime.
“ 19. The position in which the marking vessel is placed with refer­

ence to the wreck shall be at the discretion of the local authority having 

jurisdiction.”

Design of Buoys.—The design of a buoy should obviously be such 

that it will always float upright and be subject to the least possible dis­

turbance of equilibrium in boisterous weather and from drifting ice. Long, 

narrow buoys, constructed on the principle of the angler’s float, are best 

adapted to withstand currents and rough seas, provided they be not moored 

from the nether apex, in which case, unless heavily weighted, they tend to 

heel over considerably. The mooring is preferably attached by a saddle or 

bridle arrangement at a considerably higher level. Elongated buoys are 

specially characteristic of German practice, on account of the great quantities 

of floating ice which obstruct the Baltic Sea and its influents during the 

winter season. Broad-based buoys are suitable for smooth, shallow waters: 

they take the ground satisfactorily in the event of exceptionally receding 

tides. In sheltered positions, flat bottoms with rounded bilges make a good 

arrangement; in a heavy seaway the rounded bottom is to be preferred, or the 

hollow cone, as m Admiral Herbert’s design.

Size of Buoys.—Buoys are classified as first- or second-class, according 

to their size. The following table shows the generally accepted dimensions of
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b u o y s . T h e r e  a r e  s o m e  f e w  e x a m p l e s  w h i c h  e x c e e d  t h e s e  f i g u r e s — f o r  i n s t a n c e ,  

o n  t h e  r i v e r  M e r s e y , — b u t  t h e y  a r e  o f  l o c a l  i n t e r e s t  o n l y .

B u o y  D i m e n s i o n s .

T y p e .

F i r s t  C l a s s . S e c o n d  C l a s s .

D i a m e t e r . H e i g h t . D i a m e t e r . H e i g h t .

f t . f t . f t . f t .

C o n i c a l  . 8 1 0 6 7 1

C a n 8 8 6 8

S p h e r i c a l 8 7 6 5 i

P i l l a r .  .  . . 1 0 1 5 8 1 2

T h e  m a t e r i a l  u s e d  i s  s t e e l  p l a t i n g  a b o u t  J  i n c h  t h i c k . T h e r e  s h o u l d  b e  

t w o  w a t e r - t i g h t  c o m p a r t m e n t s  i n  e a c h  b u o y ,  s o  t h a t  i n  t h e  e v e n t  o f  c o l l i s i o n  

w i t h  a  p a s s i n g  v e s s e l ,  t h e  r i s k  o f  f o u n d e r i n g  m a y  b e  d i m i n i s h e d . M o o r i n g -  

c h a i n s  f o r  f i r s t - c l a s s  b u o y s  a r e  a b o u t  1 |  i n c h  d i a m e t e r ,  a n d  t h e y  a r e  a t t a c h e d  

t o  s i n k e r s  w e i g h i n g  a b o u t  2 5  c w t s . F o r  s e c o n d - c l a s s  b u o y s ,  t h e  c h a i n s  a r e  

u s u a l l y  1  i n c h  d i a m e t e r ,  a n d  t h e  s i n k e r s  w e i g h  1 5  c w t s .

M o o r i n g  - B u o y s  c o n s t i t u t e  a  s p e c i a l  c l a s s  o f  b u o y s  w i t h  f u n c t i o n s  q u i t e  

o u t s i d e  t h e  s p h e r e  o f  t h e  p r e s e n t  c h a p t e r . S u c h  b r i e f  r e f e r e n c e  t o  t h e m  a s  

i s  n e c e s s a r y  i s  t o  b e  f o u n d  i n  C h a p t e r  V I I I .

C h a n n e l L i g h t i n g .  — H a v i n g  d e a l t w i t h  t h o s e  f e a t u r e s  o f c h a n n e l  

d e m a r c a t i o n  w h i c h  a r e  a v a i l a b l e  f o r  u s e  i n  t h e  d a y t i m e ,  w e  n o w  t u r n  o u r  

a t t e n t i o n  t o  m e a n s  a d o p t e d  f o r  g u i d a n c e  w h e n  s u c h  s i g n a l s  a r e  n o  l o n g e r  

n a t u r a l l y  v i s i b l e . R e c o u r s e  h a s  t h e n  t o  b e  h a d  t o  s o m e  a r t i f i c i a l  s o u r c e  o f  

l i g h t .

O f  t h e  v a l u e  o f  l u m i n o u s  s i g n a l s  t o  t h e  m a r i n e r  t h e r e  c a n  b e  n o  q u e s t i o n .  

H e  a p p r o a c h e s  h i s  d e s t i n a t i o n  w i t h o u t  r e f e r e n c e  t o  d a y  o r  n i g h t ,  a n d  d u r i n g  

t h e  h o u r s  o f  d a r k n e s s ,  w h i l e  i n  c l o s e  p r o x i m i t y  t o  l a n d , h e  i s  o f t e n  w i t h o u t  

a n y  o t h e r  r e l i a b l e  i n d i c a t i o n  o f  h i s  p o s i t i o n , o r  t r u s t w o r t h y  g u i d a n c e  i n  h i s  

c o u r s e . A t  t h e  s a m e  t i m e ,  i t  m u s t  b e  a v o w e d  t h a t  i n  m a n y  r e s p e c t s  a r t i f i c i a l  

l i g h t s ,  a s  t h e y  e x i s t  a t  p r e s e n t ,  a r e  f a r  f r o m  c o n s t i t u t i n g  a n  i d e a l  s y s t e m  o f  

l o c a l i s a t i o n . T h e  r a n g e  o f  v i s i b i l i t y  i s  e x t r e m e l y  v a r i a b l e  u n d e r  d i f f e r e n t  

a t m o s p h e r i c  c o n d i t i o n s ,  a n d  i n  t i m e s  o f  d e n s e  f o g ,  a n d  e v e n  i n  s q u a l l y  w e a t h e r ,  

m a y  b e c o m e  o f  n o  a p p r é c i a b l e  v a l u e  w h a t e v e r . T h e n ,  a g a i n ,  a  v e r y  p o w e r f u l  

l i g h t ,  w h i l e  s e r v i n g  a d m i r a b l y  a s  a  b e a c o n  t o  s h i p p i n g  a t  a  g r e a t  d i s t a n c e ,  i s  

a  s o u r c e  o f  s o m e  p e r p l e x i t y  a n d  c o n f u s i o n  a t  c l o s e  q u a r t e r s , d a z z l i n g  t h e  

s i g h t , p r o j e c t i n g  d e e p  a n d  d a r k  s h a d o w s , a n d  o b s c u r i n g  t h e  p o s i t i o n  o f  

o b j e c t s  w h i c h  l i e  o u t s i d e  t h e  i l l u m i n a t e d  z o n e ,  a n d  e s p e c i a l l y  t h o s e  i m m e d i -  

a t e l y  b e n e a t h  t h e  s o u r c e  o f  l i g h t . T h u s ,  l i g h t h o u s e s  w h i c h  a c t  a s  landfaU 

o r  a d v a n c e  l i g h t s ,  g i v i n g  t h e  m a r i n e r  t i m e l y  w a r n i n g  o f  h i s  a p p r o a c h  t o  t h e  

c o a s t - l i n e , f o r m  a  d i f f e r e n t c l a s s  f r o m  t h o s e  w h i c h  a r e  u s e d  t o  i n d i c a t e  

n a v i g a b l e  c h a n n e l s . I n  t h e  f o r m e r  c a s e ,  s t r i k i n g  b r i l l i a n c e  a n d  e x t e n s i v e
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b u o y s . T h e re  a re  s o m e  f e w  e x a m p le s  w h ic h  e x c e e d  th e se  f ig u re s — fo r  in s ta n c e ,  

o n  th e  r iv e r  M e rs e y ,— b u t  th e y  a re  o f  lo c a l in te re s t o n ly .

B u o y  D i m e n s i o n s .

T y p e .

F irs t  C la s s . S e c o n d  C la s s .

D ia m e te r . H e ig h t . D ia m e te r . H e ig h t.

f t . f t . f t . f t .
C o n ic a l . 8 1 0 6 7 4
C a n 8 8 6 8
S p h e r ic a l 8 7 6 5 1
P il la r . . . . 1 0 1 5 8 1 2

T h e  m a te r ia l u s e d is s te e l p la t in g  a b o u t J  in c h  th ic k . T h e re  s h o u ld b e  

tw o  w a te r - t ig h t c o m p a r tm e n ts  in  e a c h  b u o y , s o  th a t in th e  e v e n t o f c o l lis io n  

w ith  a  p a s s in g  v e s se l , th e  r isk  o f fo u u d e r in g  m a y  b e d im in is h e d . M o o r in g -  

c h a in s  fo r  f i rs t- c la s s  b u o y s  a re  a b o u t 1 ^  in c h  d ia m e te r , a n d  th e y  a re  a t ta c h e d  

to  s in k e r s w e ig h in g  a b o u t 2 5  c w ts . F o r s e c o n d -c la s s b u o y s , th e c h a in s a re  

u s u a lly  1 in c h  d ia m e te r , a n d  th e  s in k e r s  w e ig h  1 5  c w ts .

M o o r in g *  B u o y s c o n s t i tu te  a  s p e c ia l c la s s  o f b u o y s  w ith  fu n c t io n s q u ite  

o u ts id e  th e  s p h e re  o f  th e  p re s e n t c h a p te r . S u c h b r ie f r e fe re n c e to  th e m  a s  

is  n e c e ss a ry  is  to  b e  fo u n d  in  C h a p te r  V II I .

C h a n n e l L ig h tin g -.— H a v in g d e a l t w ith th o s e f e a tu re s o f c h a n n e l  

d e m a rc a t io n w h ic h  a re  a v a i la b le fo r u s e in  th e  d a y tim e , w e n o w  tu rn  o u r  

a t te n t io n  to  m e a n s a d o p te d fo r g u id a n c e w h e n  s u c h  s ig n a ls a re n o  lo n g e r  

n a tu ra l ly  v is ib le . R e c o u rse  h a s th e n  to  b e h a d  to  s o m e a r t if ic ia l s o u rc e o f  

l ig h t .

O f  th e  v a lu e  o f lu m in o u s  s ig n a ls  to  th e  m a r in e r  th e re  c a n  b e  n o  q u e s t io n .  

H e  a p p ro a c h e s  h is  d e s tin a t io n  w ith o u t r e fe re n c e  to  d a y  o r n ig h t , a n d  d u r in g  

th e  h o u rs  o f  d a rk n e s s , w h ile  in  c lo se p ro x im ity  to  la n d , h e is o f te n  w ith o u t  

a n y  o tl ie r  r e l ia b le  in d ic a t io n  o f h is p o s i tio n , o r t ru s tw o r th y  g u id a n c e in  h is  

c o u rs e . A t  th e  s a m e  t im e , i t m u s t b e  a v o w e d  th a t in  m a n y  r e s p e c ts a r t i f ic ia l 

l ig h ts , a s th e y  e x is t a t p re s e n t, a re  f a r f ro m  c o n s t itu t in g  a n  id e a l s y s te m  o f  

lo c a l is a t io n . T h e r a n g e  o f v is ib i l ity  is e x tre m e ly v a r ia b le u n d e r d if fe re n t  

a tm o s p h e r ic  c o n d it io n s , a n d  in  t im e s  o f  d e n se  fo g , a n d  e v e n  in  s q u a l ly  w e a th e r ,  

m a y  b e c o m e  o f  n o  a p p ré c ia b le  v a lu e w h a te v e r . T h e n , a g a in , a  v e ry  p o w e r fu l  

l ig h t, w h ile  s e rv in g  a d m ira b ly  a s  a  b e a c o n  to  s h ip p in g  a t  a  g re a t d is ta n c e , is  

a s o u rc e o f s o m e p e rp le x i ty  a n d  c o n fu s io n  a t c lo se q u a r te r s , d a z z l in g th e  

s ig h t , p ro je c tin g d e e p  a n d d a rk s h a d o w s , a n d o b s c u r in g th e p o s it io n o f  

o b je c ts  w h ic h l ie o u ts id e th e  i l lu m in a te d  z o n e , a n d  e s p e c ia l ly  th o s e im m e d i-  

a te ly  b e n e a th  th e  s o u rc e o f l ig h t . T h u s , l ig h th o u s e s w h ic h  a c t a s landfaU 

o r  a d v a n c e  l ig h ts , g iv in g  th e  m a r in e r t im e ly  w a rn in g  o f h is a p p ro a c h  to  th e  

c o a s t- l in e , fo rm  a d if fe re n t c la s s f ro m  th o s e w h ic h a re u s e d to in d ic a te  

n a v ig a b le c h a n n e ls . In  th e fo rm e r c a s e , s tr ik in g  b r i ll ia n c e  a n d  e x te n s iv e
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range are matters of fundamental importance. In leading and harbour lights, 
a much lower degree of illuminating power is all that is necessary or désir­
able. Few channels present any lengthy stretch of straight fairway ; most 
are characterised by sharp bends and intricate windings, necessitating the 
employment of numerous lights, which need not have more than a very 

moderate range, say 5 or 6 miles at the outside.
Only in times of fog and squalls is there any real necessity for a penetrat- 

ing light of high calibre, and under these adventitious circumstances, it is 

possible to bring into action some special reinforcement, and so temporarily 

intensify the normal power of the light.
Channel lighting is effected by buoys, beacons, lightships, and lighthouses.
Luminous Buoys.—Buoys are lighted by means of oil or gas. The 

former is most usually petroleum; the latter almost invariably vaporised 

paraffin. Coal gas is unsuitable. One of the first necessities of buoyage 

illumination is compact storage of the illuminant ; and coal gas, when subjected 

to the pressure which is necessary for this purpose, loses a very considerable 

proportion of its illuminating power, and bums with the bluish flame of the 

Bunsen burner. Moreover, it distils a tarry liquid, which obviously causes 

obstruction and inconvenience in pipes and tubes.

Oil gas is not only free from this defect, but it is also relatively a very 

powerful illuminant at high pressures. Its candle-power, when compressed 

to 150 Ibs. per square inch, is from 40 to 45, comparable with 55 to 60 at 

ordinary pressure.

The difficulty of using petroleum oil as a direct illuminant lies in the fact 

that, in the course of combustion, wicks become rapidly charred or coated 

with carbon, to such an extent as to obstruct and ultimately arrest the 

capillary attraction necessary for raising the oil from the reservoir to the 

burning point. This means that the light will be extinguished unless there 

be someone at hand to dress the wick. Now constant, to say nothing of 

skilled attention, is impracticable in the case of buoys. They have neces- 

sarily to be left to take care of themselves between certain times of inspection, 

which can only be frequent at the expense of economy ; and whether the 

period be long or short, there is the same risk of failure of the light.

In France, carbonised wicks, i.e. wicks specially prepared by a uniform 

deposit of carbon upon them, have been introduced. But these, while satis- 

factory in achieving their special purpose, entail corresponding difficulties of 

another kind. The wicks not only require careful preparation, but they call 

for adjustment of the utmost nicety, and they are used with burners of a very 

complex character. Constant watching is therefore still an essential feature 

of the system, and this fact discounts their use in connection with buoys.

An English burner, however, known as the Wig’hain burner, has been 

contrived to meet the conditions of the case, and the following is a brief 

description of its mode of action.

In an ordinary petroleum lamp, the wick is set perpendicularly to the oil 

reservoir from which it draws its supplies, and there would be considerable 
17
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difficulty in making such a wick automatically raise iteelf as combustion 

proceeded. Mr Wigham, therefore, designed his wick to barn horizontally, 

passing it slowly over a small roller, the light being obtained from the flat 

side instead of from the end or edge. One end of the wick passes up through 

an oil-tight brass tube, receiving its supply of oil from the main reservoir1 

by means of feed-holes, and the other end of the wick is brought down 

through another tube soldered or otherwise secured at its lower end, and 

standing above the level of the oil in the lamp. A circular float, to which 

this end of the wick is attached, rests upon the surface of the oil in a copper 

cylinder at the foot of the lamp. The oil in the cylinder is slowly withdrawn, 

drop by drop, through a valve of special construction, and the float, in descend- 

ing with the falling level of the oil, draws the wick in its train, and so causes a 

constant change in the part of the latter exposed to the action of the flame. 

The light may thus be arranged to burn without attention for periods of one, 

two, or even three months. The consumption of oil for both illumination and 

automatic working, together, is at the rate of about half a gallon per day of 

twenty-four hours.

Turning to the alternate system of vapour lighting, we find that oil gas is 

manufacturable from shale oil, petroleum, or other oils. Heavy oils generally 

produce a smaller quantity of gas, but of richer quality than light oils. One 

gallon of oil yields from 70 to 90 cubic feet of gas, and the cost of production 

per 1000 cubic feet varies (subject to fluctuations in the price of materials) 

from 6s. 6d. on a large scale to 10s. on a small one.

As manufactured on the Pintsch System, the gas is produced in two 

Q-shaped cast-iron retorts, arranged one above the other, connected by a double 

mouthpiece and set in a suitable furnace. The furnaces are heated by coal, 

coke, or other fuel, until the retorts have become cherry red. The oil, 

previously stored in a wrought-iron tank, is pumped into a small vessel, or 

cistern, near the furnaces, from which it flows by gravitation in a thin stream 

regulated by a micrometer coek, through a syphon into the upper retort. In 

order to protect this retort and somewhat retain the oil, a sheet-iron tray is 

inserted, into which the oil drops and is immediately converted into a brownish 

vapour. Passing through the connecting mouthpiece and along the heated 

sides of the lower retort, this vapour is further decomposed and made into 

permanent gas, full of impurities. The only outlet of the lower retort is a 

short pipe, called the descension pipe, through which the gas passes into the 

hydraulic main, depositing here a certain amount of tar, and thence into a 

circular condenser. Issuing from a small pipe into the large space of 

the condenser, the gas cools down and frees itself from the lighter tarry 

matters. It then passes into the washer, where it is forced through about an 

inch of water, and, afterwards, through two or three layers of lime and saw- 

dust in the purifier. In small installations, the washer and purifier are 

generally combined in the same apparatus, one above the other. Tn the

1 Divisions are made in the reservoir to prevent the oil from flooding the wick during 
momentary disturbance, such as is inevitable in the case of buoys and other floating vesseis.
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washer and purifier the gas is freed from carbonic acid and sulphur, im- 

purities which are not only detrimental to a good gas, affecting the illuminating 

power, but which, moreover, form an injurions deposit in the fittings, 

regulators, and burners. The gas, when pure, passes through a meter to be 

registered, and thence to the gasholder.

The compressors are double-acting pumps worked by steam or hand.

Fic. 227. —Gas Buoy.

Before the gas is passed into the welded, high-pressure storeholder, it passes 

through a small vessel and there deposits some hydrocarbon, which is drawn 

off by a small valve.

The storeholder is placed within the buoy to be lighted, where it is con- 

nected with the burner, and supplies it with gas for periods ranging from 

two to six months, without further attention.

In the case of gas buoys a special form of construction is rendered
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desirable. Rivetted joints, however weil caulked, tend to leak, especially if 

the gas be compressed at pressures over 100 Ibs. per square inch. Mild steel

Plon

--------6.3 -------

Fie. 228. —Section of Otter Rock Lightship.

structures, welded throughout, afford the most satisfactory method of inclosure, 

and they are, at the same time, less liable to admit water in case of con-



CHANNEL DEMARCATION. 261

cussion. In certain instances, closely rivetted joints seem, nevertheless, to 

have answered all requirements.

As regards the niethod of suspending the illuminating apparatns of a buoy, 

it is evident that in order to ensure its remaiuing upright amid tidal currents 

and storm swells, it should be attached in such a manner as to swing freely. 

The principle of attachments of this kind will be explained more fully in 

connection with lightships. Except for Wigham lamps and in boat-shaped 

structures, ordinary attachments may, however, be made to serve.

Lightships.—Buoys are not invulnérable, and it is quite within  the bounds 

of possibility that a luminous buoy may be extinguished from one cause or 

another, though the occurrence is by no means common. Where there are heavy 

seas and strong currents, however, lighted buoys are exposed to undue risks, 

and signals of a more reliable character are desirable. Lightships are much 

steadier under these conditions: their oscillation is less, and they are not so 

liable to be put out of action. Moreover, they have the additional advantages 

of presenting a more conspicuous bulk and a more striking individuality.

Steadiness is one of the most essential qualities of a lightship, and the 

attainment of it, so far as such a thing can be realised amid unstable 

surroundings, involves the suppression of synchronism in the periods of 

oscillation, respectively of the vessel and of the waves. Synchronism is more 

likely to occur transversely under the action of rolling, than longitudinally 

under the action of pitching. In order to avoid it, ballast should be located 

at some distance from the centre of gravity of the vessel, so that the moment 

of inertia of the latter about its longitudinal axis may be as great as possible, 

and the metacentric arm reduced to the minimum consistent with stability. 

Furthermore, the steadiness of lightships is promoted by deep central and 

markedly protruding bilge keels, to all of which ballast may advantageously 

be affixed. In some of the latest examples of lightships, the keels have a 

depth exceeding 3 feet.

D im e n s io n s  o k  Re p r e s e n t a t iv e  L ig h t s h ips  o f  Va r io u s  Na t io n a l it ib s .

Nationality. Name or Locality. Length. Bearn. Deptk. Draugkt.

Height of 
Focal Plane 

above Water.

ft. ft. ft. ft. ft.

British . . Longsand 
Talais .

60 24 12 65 30

French . . 61 20 9 6} 33

British..
Snouw. 65} 20 13 111 33

Gaspar Point, K. 75 28 12 65 35

French . .

Hoogkly  
R. Mersey 103} 211 11 94 30

Sandettié 115 204 16} 15 39^

British . . R. Mersey H8ä 21 ni 94 30

German Fehrmarbelt . . 134} 24} 17

The dimensions of lightships have materially increased of recent years. 

A length of 60 or 70 feet used to be considered a maximum, but now several
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boats in the English and French services have lengths of over 100 feet, and 
one boat in the German service has a length of 134| feet. The depth and 
draught of these vessels manifests a proportionate increase, but the beam has, 
if anything, tended to diminish, or, at least, to remain stationary, as will be 
evident from an inspection of the accompanying table, which classifies the 
leading dimensions of certain representative vessels of all three nationalities.

Suspension of Floating-lights.—In order to maintain verticality, the 
illuminating apparatus of a lightship is supported on gimbals. In catoptric 1 
lights, the mirror and lamp are suspended in this manner from above. The 
dioptric1 apparatus is generally hung in the form of a pendulum swinging 
about a horizontal axis located immediately beneath the lamp. The pendulum, 
or rod, is weighted and counterweighted above and below, the weights being 
adjusted in such a way that the period of oscillation of the lamp is consider- 
ably longer than that of the vessel, so that the maximum inclination of the 

former may not exceed 5 or 6 degrees. Manifestly, the apparatus must not 
only be sufficiently sensitive to maintain its verticality, but it must also admit 
of free and ready response to change of direction, and this is secured by 
attaching the gimbals to a horizontal circle rotating on steel balls. In the 
event of exceptioually heavy rolling on the part of the vessel, the possibility 
of collision between the pendulum and the lower part of the lantern may be 
guarded against by the provision of a thick annular pad of india-rubber on 
the weighted portion of the latter, or by restricting the swing of the pendulum 
with the aid of check chains and flexible guys.

Lightship Attendance.—The reliability and automatic continuity of 
the compressed oil gas illuminating apparatus has very largely done away 
with the necessity for crews on board lightships. In many cases now these 
vessels are unattended, except at long intervals for the purpose of supplying 

fresh gas. This has effected considerable economy in maintenance expenses, 
and extended the scope of utility.

The liability, however, of all floating objects to displacement, is the 
inherent weakness of the lightship, as also of the light-buoy. A displaced 
signal is much worse than none at all. Beacons and lighthouses, therefore, 
from their very fixity, possess uncontrovertible merits as regards accuracy 
of alignment, and it is usual to rely mainly upon them in so far as they 
happen to be available for this purpose.

Lighthouses and Luminous Beacons. —The earliest type of the 
lighthouse was the lighted beacon, usually situated upon a natural eminence 

or upon a tower. It was an iron-barred grate, or receptacle, for wood and 
coal, which was ignited at night-time. These signals were, therefore, most 
crude and primitive, and often gave out more smoke than light. Moreover, 
they lent themselves to easy reproduction and imitation for illicit ends. In 
this form they have long since disappeared into the lumber of the past. 

Their present development is the harbour light, a lantern attached to the 
top of an upright mast, which is used at the entrances of minor ports.

1 See p. 268.
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The lighthouse is a tall structure, occasionally of wood, but rauch more 

commonly of stone or iron, rising oftentimes to a considerable height above 

the water level. When, however, a natural headland or cliff lends itself to 

the purpose, the structure is not necessarily lofty, and, indeed, for channel 

lighting, no great height is essential. The building is usually planned in 

a series of stages or floors, the lantern containing the illuminating apparatus 

being located at the suminit.

The practice of channel lighting, developing through luminous buoys to 

r ed sa nd l ig ht ho use . lightships, attains its highest degree of utility and 

Fie. 230.

perfection in the lighthouse. Sources of illumina­

tion for lighthouse use are not only numerically 

and potentially greater than those available for 

buoyage service, but they are also of a much 

more diverse nature, including electricity, coal gas, 

mineral, vegetable and animal oils, oil gas, and 

acetylene. The feeble and ineffective candie, 

which maintained its footing for at least thirty 

years of the last century, has now entirely dis- 

appeared. Its great modern prototype is the 

electric arc, the crater of which possesses an in- 

trinsic radiance of over 55,000 candle-power per 

square inch of illuminating surface. Great and 

remarkable, indeed, have been the strides of late 

years in the development of lighthouses. Beams 

of light can now be projected far beyond the limits 

of their geographical range. The mariner sees 

their reflection in the sky before he cornes within 

direct visual contact with them. This, of course, 

applies to landfall lights, and not to the class of 

lights which form the subjective basis of this 

chapter. Channel lighting is achieved perfectly

satisfactorily with the aid of lights of a far lower calibre. The electric 

light is rarely, if ever, employed for this purpose. For general use, the 

incandescent petroleum vapour burner is more convenient and much less 

costly, and its light is sufficiently powerful for all stations other than 

those of primary and special importance. The system has, indeed, only 

been introduced into this country since the beginning of the present century, 

but it was adopted in the French lighthouse service several years previously, 

and it may now be said to have attained general récognition. Prior to 

this, the wick burner was so prevalent as to be practically universal, either 

flat, as in the earlier instances, or cylindrical on the Argand principle, with 

as many as six, eight, or ten wicks arranged in concentric rings. Despite 

the inferiority of the wick apparatus to the electric arc, its illuminative 

power was a very long way ahead of the feeble glimmer emitted by the cluster 

of tallow candles which lit up the summit of Eddystone a century ago.
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Tweiity-four of these candies unitedly gave a light équivalent to sixty-seven 

standard candles.1 In the later Eddystone of 1882, Douglass burners, with 

six conceutric wicks, attained an aggregate of nearly 80,000 candle-power.

But the true standard of comparison is not so much the gross illumination 

as the intensity per unit of area. It is 

this intrinsic intensity which confers 

upon a beani its peuetrative power. 

The brightness of the flame section of 

the old wick burners ranged up to 70, 

or, at most, 80 candle-power per square 

inch, according to the number of the 

wicks. With incandescent mantles 

there is, generally speaking, an increase 

in intensity of 300 per cent., équiva­

lent to about 200 to 250 candle-power, 

whileatthe same time the consumption 

of oil is reduced by nearly one-half.

Fro. 232.—Matthew’s Burner.Frø. 231. —Pintsch Burner.

Incandescent burners åre numerous, as well as varied, but they fall 

naturally into two main types or classes. One class is that in which vaporisa-

1 For a definite comparison of the varions illuminating agents, several units have been 
adopted or proposed. First, and most general in this country, is the standard candle burn- 
ing 120 grains of spermaceti per hour. In France the carcel lamp is the unit chiefly used. 
It burns 42 grammes of pure Colza oil per hour, and is equivalent to 9'8 English candles, 
9'6 French candles, and 7 6 German candles.
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tion is effected by the direct heat of the mantle, and for this purpose the 

vaporising chamber, or tube, is placed close to and above the mantle. In the 

other class, a separate heater is used for vaporisation. Obviously, tliis entails 

additional apparatus; but, on the other hand, there is less interference with 

the luminous range of the mantle. In all cases, some temporary source of 

Em. 233. —Luchaire Burner. Fig . 234. —French Burner.

heat is required for a preliminary five or ten minutes, until the action of the 

burner becomes automatic.

Burners of the first type include the Pintsch burner, the Matthews 
burner, and the Luchaire burner, amongst those of German, English, and 

French manufacture respectively.

In the first-named (fig. 231), the oil is forced under compressed air pres­

sure of 45 Ibs. per square inch into a metal chamber located immediately 

above the mantle, whence, after vaporisation, it is conducted downwards to a 

mixing chamber, where it is combined with air before passing into the burner.
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In the Matthews burner (fig. 232), vaporisation is eflected in a brass 

tube coiled above the mantle and inclosed in a metal hood.

In the Luchaire burner (fig. 233), the vaporising tube takes the form 

of the letter U inverted, and arches the mantle.

Manifestly, the piping necessary to convey the oil to and from the source 

of vaporisation obstructs the rays emanating from certain sections of the mantle.

Burners of the second type include the Chance burner and the Scott 
burner.

In the Chance burner the dual horizontal vaporising tubes are contained 

in a metal chamber below the burner proper, and they are heated by a 

subsidiary burner, deriving its gaseous supply from the product of vaporisation.

In the Scott burner (fig. 235), a series of subsidiary burners, inclosed 

in a metal cover, heat the conducting tube in a vertical position. These
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subsidiary burners likewise draw their alimentation by means of a bye-pass 

from tire mixing chamber.

The difficulty attaching to the use of incandescent burners is the fragility 

of the mantles. The average life of an ordinary mantle is perhaps six or 

seven days. Yet mantles have been known to last for over thirty days with 

care. The vaporising coils and tubes last from four to six months, and 

require frequent and constant cleaning.

Acetylene has also been used as an illuminant, but only to a very 

limited extent, although the dangers formerly attending its production have 

now been largely overcome by the improved nature of the generating 

cylinders. It is still undesirable to use this illuminant in the highly com- 

pressed liquid condition, from which explosions have resulted.

Dissolved acetylene, however, is largely used in motor cars, and is now 

being tested by Trinity House. Acetylene in this form certainly gives 

indications of being the coming illuminant for buoys, etc.

Light Concentration.—The source of light being but one of the factors 

in the determination of lighthouse efficiency, we now turn our attention to the 

methods adopted for the concentration and intensification of the issuing rays.

The simple, undirected flame is wasteful of light; that is, much of the light 

is lost to useful purposes. Most lighthouses stand upon the coast-line, and 

the area of radiation, therefore, frequeutly includes a large sector of land over 

which illumination is entirely unnecessary. Also, apart from this cause, a 

good deal of light is lost by diffusion and dispersion.

To remedy these defects, reflectors were introduced as far back as the 

latter half of the eighteenth century. At first spherical in form, the mirror 

ultimately became parabolic, concentrating the emergent rays of the light 

from the focus along a path parallel to the horizontal axis. This constitutes 

the catoptric principle. Catoptric reflectors are of two types: first, the 

paraboloid, formed by the generation of a parabola about its own axis, and send­

ing the light rays in a single direction only ; and secondly, the dual (upper 

and lower) surfaces formed by the horizontal rotation of a parabola round 

a vertical axis through the focus. This system, while confining the light 

within vertical limits, distributes it equally throughout a horizontal plane.

The dioptrie, or lentieular, principle of ray concentration, based on the 

refractive properties of lenses, is due to Augustin Fresnel, who initiated it, or 

rather, applied it in an elementary form in 1822. As then exemplified, it 

consisted of a plano-convex lens set vertically in front of the light, so that all 

rays passing through the lens were transmitted horizontally. To the central 

lens were then added a number of parallel lenses of triangular form, which 

served to refract a certain proportion of the rays passing above and below it. 

The amount of non-utilised light was still considérable.

Fresnel disposed his lenses so as to form a cylinder completely inclosing 

the light, which thus illuminated the entire circumference uniformly. 

Stevenson devised a variation known as the holophotal system, by which 

the light was surrounded by a series of panels, each containing a circular
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central lens with annular adjuncts, the result being a concentration of the 

rays in a corresponding series of pencils, with intervening sectors of darkness. 

Such an arrangement lends itself to the production of flash-lights by the
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revolution of the lenticular apparatus around the light, the illuminations 

being alternated with brief periods of obscurity, either total or partial, 

according as the apparatlis is holophotal throughout, or combined with a 

fixed light.
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With the object of still further strengthening the serviceable illumination, 

mirrors were placed above and below the lenses so as to reflect many of the
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rays which escaped the latter. This conjunction of the reflective and re- 

fractive principles led to the adoption of the term catadioptric to distinguish 

it. The mirrors were eventually replaced by lenticular prisms capable of
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effecting the same object, the rays entering the prisms being entirely reflected 

at one of the surfaces. Mirrors behind the light were similarly replaced. 

Altogether, a very high percentage of the total illumination is utilised. In 

conséquence of improvements recently effected, the vertical angle of Fresnel 

lenses now reaches 80 degrees, and the upper and lower prisms have, in many 

instances, been suppressed.

Yet another application of lens concentration is to be found in the 

Azimuthal Condensing System of Thomas Stevenson, in which holo- 

photes and vertical prisms are employed to concentrate the light in special 

horizontal directions. This is exemplified in the apparatus constructed in 

connection with the Oronsay Lighthouse, where the light, as a leading light, 

is required to be seen along two intersecting axes of unequal length, in the 

one case for a distance of 15 miles, and in the other case for a distance of 

7 miles. The dark or landward sector embraces an arc of rather more 

than 180 degrees.

A curions and interesting application of ray deflection is to be found at 

Armish Rock in the Hebrides. The lighthouse is situated on a rock separated 

from the Island of Lewis by a channel 500 feet in width. It contains no 

source of illumination itself, but it receives on a mirror a pencil of light rays 

from a lighthouse on Lewis. This ray is then deflected by prisms to pass 

onward in the directions required for the purposes of navigation.

As at present constructed, a modern lenticular panel consists of a central, 

circular, plano-convex lens with annular adjuncts, and upper and lower 

catadioptrical elements. If used for regular flashes, the optical apparatus 

will not uncommonly be divided into four panels, each comprising a luminous 

angle of 90 degrees ; but the number of panels may be decreased or augmented 

at will. Thus there may be six panels of 60 degrees or eight of 45 degrees, 

and so on. Yet it must be borne in mind that with an increase in the 

number of panels, there is a corresponding decrease in the intensity of the 

light. The beam of maximum power is attained by a single panel of about 

160 degrees, with a lenticular mirror behind the light capable of reflecting 

to the focus all rays impinging upon it. Apparatus of this concentration 

calls for very rapid rotation, such as would be incompatible with the old 

system of revolution on rollers. The required rotation is actually achieved 

by supporting the column of the lenticular apparatus in a bath of mercury, 

which very materially reduces the friction of movement.

The biform, triform, and quadriform arrangements of superimposed lights, 

depending as they do upon the increase in total illumination instead of upon 

the unit intensity, have more or less ceased to be generally utilised. They 

are mainly serviceable in misty weather, the separate burners of which they 

are composed being individually ignitable and extinguishable at will.

Range of Light.—The distance penetrable by rays of light varies 

obviously with the transparency and opacity of the atmosphere. If the 

medium were a vacuum, the range would be proportional to the square root 

of the luminous intensity. This relationship, however, cannot be realised
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in a medium such as that which envelops the British coasts : often foggy, 

only occasionally very clear. And as localities vary in their meteorological 

expériences, no serviceable standard can be devised. The French have a 

system of denoting the visible range of their lights during two percentages

Fig s . 243, 244. —Single Flashing Apparates of 250 mm. focal distance, consisting 
of 1 panel of 1611° horizontal angle and dioptrie mirror.

of the whole year, viz., 50 per cent, corresponding to clear weather only, and 

90 per cent, corresponding to the inclusion of moderately misty and variable 

weather. It is difficult to see how such a system could be successfully 

applied to British pharology, where climatic changes are more frequent and 

much more adverse.
18
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Pow erful lights in clear w eather m ay easily exceed their geographica! 

range, i.e. the distance at w hich, ow ing to the earth ’s rotundity, they cease 

to reach the eye of the observer. This distance varies w ith the respective  

heights of the light and of the observer, and also w ith the degree of latitude. 

The latter affects the radius of curvature (R) ; but, assuming it to be know n  

as also the levels (H  and h) of the source of light and of the station of ob­

servation, the limiting distance D  is given by the form ula

D =Ä :{5/RH + ^RÄ )

w here It is a coefficient representing the effect of atm ospheric refraction.

Identification of Light Signals.— For the purpose of identification, 

various characteristics are conferred upon lights. Formerly colours w ere 

largely relied upon, but the great difference in range of the three chief 

varieties of light, viz., w hite, red, and green, m ilitates very m uch against the  

efficiency of the m ethod. Red cannot be seen at half the distance penetrable  

by w hite light, and green is even less pow erful. A t a distance of tw o m iles, 

a w hite light of 3 candle-pow er is readily discernible, w hile from 30 to 40  

candle-pow er w ould be requisite to bring a red or green light into equal 

prom inence. M oreover, there w as not m uch scope for variation w ith m erely  

three alternatives.

W ith the introduction of the group H ashing System , devised by D r 

H opkinson in 1875, a new and preferable m eans of identification cam e into  

vogue, and its utility has been still further extended by the introduction of 

lightning flash-lights under the inspiration of M . Bourdelles. The first 

consists of a definite series of illum inations and eclipses, variable in extent 

and sequence. The latter derives its title from the extrem e rapidity of its 

appearance and disappearance, the period of visibility being the m inim um  

required for im printing a distinct visual impression. Further exposure is 

now  found to be unnecessary, as it is covered by the persistence of the im age 

on the retina. Light rays, accordingly, instead of being uselessly expended  

in em phasising their effect on one point, m ay be deflected to another, w ith  

m uch m ore serviceable results. The principle, in fact, is that of a highly  

concentrated beam rotating rapidly and reappearing at intervals of a few  

seconds. The duration of the flash, though short, is am ple for récognition, 

and its frequent appearance, besides affording greater scope for character- 

isation, enables the m ariner to verify his position w ith greater assurance than  

w as feasible w ith an arrangem ent of slow ly m oving lights It w as not 

impossible, of course, to provide a considerable num ber of flashes under the  

system of rotation on rollers, but it could only be done by increasing the 

num ber of lens panels at the expense of luminous pow er; w hereas, by the 

introduction of the m ercury seating, a m uch greater rotary velocity m ay be 

imparted to the apparatus, w ith less effort and friction. In som e cases of 

older lenticular apparatus, the num ber of panels w as as high as tw enty-four. 

The diffusion of light, therefore, w as very great, and the beam s suffered 

correspondingly in intensity  and penetration.
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The minimum duration of a visible flash has been determined by 

laboratory experiments as one-tenth of a second ; but under conditions obtain- 

ing in marine navigation, the period will be increased to, at least, one-third of 

a second for white lights and very much more for coloured lights. If the 

duration were restricted to its exact experimental limit, it is quite conceivable, 

and even likely, that the occurrence of a flash might escape détection by those 

on board a vessel rolling in a heavy sea. The flash might also be eclipsed by 

any intervening vessel.
Flashes are either uniformly regular or arranged in groups of two, three,

Fig . 246. —Bell-buoy.

or more. The interval between successive flashes need not exceed—and, 

indeed, will be preferably limited to—five seconds, so as to afford frequent 

opportunities for observation. In grouped flashes, eclipses of 2„ to 4 secon s 

are common. Certain lighthouses signal a definite number, as, for example, 

that at Minot’s Ledge, U.S.A., which constantly repeats the figures 143 in a 

series of flashes separated from each other in the same group by an interva 
of 2 seconds, the groups being separated by an interval of 3 seconds, and 

the entire signal followed by an eelipse of 15 seconds. The whole period 

covers 30 seconds, which is the time of a single revolution of the apparatus.

Sound Signals.— Lighting, while effective eiiough as a guiding agency 
in darkness, is practically useless in fog, and reliance has then to be placed
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upon sound as a warning 

medium. This is accom- 

plished in various ways, 

principally by foghorns and 

syrens on the shore, and by 

bed - buoys and whistling 

buoys on the water. Of 

foghorns, it need siniply 

be said that they consist 

of a brass trumpet through 

which a strong blast of 

oompressed air or steam is 

expelled at definite inter­

vals. They are raucous and 

unmusioal in the extreme. 

The syren gives out a note 

of high frequency due to 

the impulsion of air or 

steam through a series of 

holes in a rapidly revolving 

disc.

Of bell-buoys there 

are several different ar­

rangements. A fixed bell 

may be struck by pendant 

clappers, or by a set of balls 

rolling freely in horizontal 

grooves or cylinders. 

Wheu the water is smooth, 

as is commonly the case in 

foggy weather, neither of 

these appliances can be 

counted upon to emit sig­

nals, depending as they do 

upon the swaying action of 

waves. In that event, an 

automatic lever apparatirs, 

worked by the agency of 

gas, as in the Pintsch 

system, has been found use- 

ful. The gas forces up a 

diaphragm until it works a 

lever which closes the inlet 

valve and opens the outlet, 

simultaneously actuating

Fis. 247. —Courtenay Whistling Buoy.
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another lever, which, in conjunction with a streng spring, impels the hammer 
against the rim of the bell.

Whistling buoys are actuated by the rise and fall of the buoy in a 
swell. In the Courtenay type, air is drawn into a long central tube during 
the period of rising. The entrance is controlled by a valve, and when the 
buoy descends the imprisoned air is expelled through the whistle, emitting a 
penetrating sound of no particular musical value. Whistling buoys are best 
adapted to fairly deep water where there is an almost constant swell.

Sound, however, in air is but an imperfect medium for the notification of 
danger. It gives no reliable indication, and indeed often conveys a very 
misleading impression as to locality. Zones of silence are found to lie within 
the sonorous area.1 Yet, until fogs are dissipable by human agency, it is difficult 
to see what other means could be universally substituted; and, certainly, it 
is reliable in so far as it signifies the imminence of danger, though in many 
cases the exact location of the warning is a matter of conjecture.

Subaqueous Sig’nals. —In water, the sense of direction is more determin- 
able, though, even then, with approximation merely. Ä system of submarine 
signalling through the agency of a bell struck by a clapper at depths varying 
from 10 feet to 30 feet below the surface of the water, has recently been 
promoted by the Boston (U.S.A.) Submarine Signalling Company. The sound 
is transmitted through the water to a receiver fixed in the ship’s bottom, and 
thence to a megaphone, with results which have been considered very satis- 
factory so long as the instrument is immersed to depths of not less than 
10 feet and preferably of about 25 feet. The distance traversed has reached 
8, 10, and even 15 miles. By turning the ship in various directions, the 
quarter from which the sound emanates can be easily determined as the 
sound waves only affect the receiver when it faces the direction from which 
they corne. There is manifestly much scope for the development of this 
principle of sound transmission. The chief difficulty hitherto has been that 
of ensuring a constant and regular strikiug of the warning bell without the 
necessity for human attendance. The discovery of some convenient automatic 
action which is at once simple and reliable should lead to the general 
adoption of a system which is much more effective than that of the trans­
mission of sound in air.2

1 In some interesting expérimenta carried out off the Isle of Wight, fog sound-signals 
could not be heard at all at 2 miles from the coast, although they were distinetly audible 
10 miles out and were heard again at half a mile from laud.

2 At present there are three systems in vogue: viz., (1) Bells suspended from light- 
ships and struck by the agency of compressed air controlled by a code-ringing device in the 
engine room ; (2) Bells supported by buoys and worked by the aid of discs, acting on the 
principle of a sea anchor, so that the difference in movement between disc and buoy operates 
delicate mechanism ; and (3) Bells supported on tripods resting on the sea floor, and having 
electrica! communication with a shore station.
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INDEX.
Ac o k e t io n , coastal, 21.

river bank, 226.
Acetylene, 268.
Aggregate, 98, 102.
Air lock, 55.
Alderney Breakwater, construction of, 173.

quarrying for, 95.
Alexander the Great, 3.
Alexandria, Harbour of, 3.
Algiers Breakwater, 144.
Alignment of soundings, 49.
Amphipoda, 66.
Anchorage, 13, 14.
Ancient sea routes, 2.
Ancona, 4.
Angular location of floats, 52.
Angus-Smith treatment, 72.
Antiuni, 4.
Aphrodisium, 3.
Apparatus, diving, care of, 58.
Area of harbours, 26.
Armish Rock Lighthouse, 271.
Arnager Harbour, 41.
Artificial harbours, 2.
Asellidæ, 66.
Athens, Harbour of, 3.
Azimuthal condensing system, 271.

Ba g w o b k , 166.
Baltic breakwaters, 171.
Barge system of breakwater construction, 

150.
Bars, 228.

origin of, 228.
river, 16, 24.

Basin, 11.
Beach, spending, 200.
Beacons, 252, 254.
Bearing piles, 61.
Beaufort scale for wind, 21.
Bedplugs, 169.
Beech, 65.
Bell, diving, 54.
Bertin’s formula, 118.
Bilbao, storm at, 132.

Breakwater, 180.
Bits of drills, 90.
Bizerta Breakwater, 183.
Blasting, 87.

agents, 93.
Block-making, 167.
Blue gum, 63.

Board of Trade: grants to harbours, 
Bond, sloping, 169.

in breakwaters, 167.
Booms, 200.
Boots, diving, 55.
Borings, 19.
Boucherie’s process, 68.
Box breakwaters, 170.
Breakwater construction, 149.
Breakwater sections, Portland, 112.

Plymouth, 113.
Holyhead, 116.
Leixoes, 120.
Ymuiden, 121.
Madras, 126.
Genoa, 129, 180.
Douglas, 133.
Naples, 137.
Marseilles, 142.
Algiers, 144.
Sandy Bay, 146.
Tynemouth, 147, 168.
Cette, 179.
Bilbao, 181.
Bizerta, 184.
Dover, 185.

Breakwaters, 61, 111.
classification of, 132.
cost of construction, 133.
eost of maintenance, 134.
efficiency, 135.

Bremen, 5, 16.
Briquettes, cement, 104.
Bruges, 16.
Bucket dredger, 236.
Buoy, gas, 259.

bell, 277.
whistling, 278.

Buoyage, national systems of, 253.
régulations for, 254.

Buoys, 200, 253.
design of, 255.
size of, 255.
luminous, 257.

Burner, Wigham, 257.
Pintsch, 265.
Matthews, 265.
Luchaire, 266.
French, 266.
Scott, 267.
Chance, 267.

Burners, incandescent, 265.
Burnettising, 68.

279
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Ca is s o n , system of breakwater construction,
158.

Calais, 24.
Cantliaros, 3.
Carthage, Harbour of, 3.
Catadioptric principle, 270.
Catoptric principle, 268.
Ceara Harbour, 24.
Cement, Portland, 99 103.

Roman, 99.
Centroid of buoyancy area, 215.
Cephisus, river, 3.
Cette Breakwater, 179.
Chain, sounding, 44.
Chance burner, 267.
Channel demarcation, 250.

signals, 252.
lighting, 256.

Channels, entrance, 222.
blind, 225.
variable, 225.
fixed, 225.

Charging drill-holes, 90.
Cheddite, 94.
Chelura terebrans, 66.
Chenoweth pile, 74.
Chlorate of potash, 94.
Christchurch Harbour, 25.
Cinque Ports, 4.
Civita Vecchia, harbour at, 4.
Classification of harbours, 9.
Coastal change, 21.
Concrete, 97.

reinforced, 76.
Construction, breakwater, 149.
Core-bit, 88.
Core-lifter, 89.
Corinth, harbour at, 3.
Cork, Harbour of, 16.
Cost of construction of breakwaters, 133.
Cost of maintenance of breakwaters, 134.
Cramps, metal, 169.
Creosote, 68.
Crib breakwaters, 170.
Currents, 16, 21, 23, 26, 51, 61.

Da n is h  Is l a n d  harbours, 41.
Decay of timber, 67.
Definitions, 9.
Deflection of waves, 118.
Denudation, coastal, 21.
Depths of harbours, 14, 17.
Design, procedure in, 19.
Destruction of timber, 65.
Detonator, 91.
Dioptrie principle, 268.
Dipper dredger, 236.
Displacers or plums, 103.
Divers, 57.
Diving, 54.

bell, 54.
dress, 55, 56.
apparatus, care of, 58.

Dock, 11.
Dolly, 71.
Douglas (I.O.M.) Pier, 133.
Dover, 4, 27.

Dover Breakwater, 185.
Dovetailing, 168.
Dowel, 167.
Draught of ships, 14.
Dredgers, mechanical, 235.
Dredging, 26, 234.
Dress, diving, 55, 56.
Drift, littoral, 23.
Drilling, 87.
Dry rot, 67.
Ducs d’Albe, 200.
Dungeness, accretion at, 21.
Dunkirk, 25.
Dynamical value of wave action, 121
Dynamite, 93.
Dynamometer, Stevenson’s, 124.

Bailey’s, 124.
Gaillard’s, 125.

Ed d y s t o n e Lig h t h o u s e , 264.
Efficiency of breakwaters, 135.
Egyptian harbour, 3.
Elm, 65.
End-on system of breakwater construction,

157.
Entrances, harbour, 13, 16, 17, 26.

Fa s c in e  work, 171, 232.
Ferro-conerete, 73.
Fetch, 116.
Fir, 65.
Firing, 91.
Fishery harbours, 6, 12, 17.
Fishguard Breakwater, 94.
Fishing boats, 18.
Floating lights, suspension of, 262.
Floats, 51.
Forcite, 93.
Formula, Bertin’s, 118.

Gordon’s, 82.
Stevenson’s, 28, 117.

Formulæ for piled foundations, 81.
Foundations, breakwater, 160.

settlement in, 161.
pier, 162.
limiting loads, 163.
surface treatment of, 164.

French burner, 266.
Friestedt piles, 71.
Fuse, 91.

Ga l v a n is in g , 71.
Gelatine, blasting, 93.

dynamite, 93.
Gelignite, 93.
Genoa Breakwater, 129, 180.

Harbour of, 127.
storm at, 126.

Glasgow, 16.
Goliath, 158.
Goodwick, quarrying at, 92, 94.
Grab, 236.
Grecian harbours, 3.
Greenheart, 62.
Grinding of cement, 103.
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Group flashing system, 274.
Grouting, 169.
Groynes, 230.
Gun cotton, 94.
Gunpowder, 94.

Ha mb u r g , 5, 16.
Hand-drill, 88.
Hanseatic League, 5.
Harbour design, 8, 19.

classification, 9.
définition, 9.

Harbours, natural, 1.
artificial, 2.
Phœnician, 3.
Egyptian, 3.
Carthaginian, 3.
Roman, 4.
national, 7.
fishery, 6, 12, 17.
commercial, 12, 15.
of refuge, 12.
coastal, 15.
estuarine, 16.
island, 23, 41.

Hastings, 4.
Havre, 16, 227.
Helmet, diving, 55.
Hennebique piles, 73.
Holophotal system, 268.
Holyhead Breakwater, quarrying for, 96.

section, 116.
staging, 152, 153, 155.

Hooghly River, 224.
House, tide gauge, 51.
Hundested Harbour, 41.
Hyperbolic curve, 213.
Hythe, 4.

Impe r me a b il it y  of concrete, 101.
Ingersoll drill, 89.
Interlocking piles, 71.
Irish Lights, Commission of, 251.
Island harbours, 23.

“Ja me s  a n d  Ma r y  ” Sh o a l , 224.
Jarrah, 63.
Joggle, 167.
Johnston pile, 74.
Joint packing, 170.
Jumper, 87.

Ka r r i, 63.
Kieselguhr, 93.
Kirkmabreck Quarry, 92.
Kyanising, 68.

La d d e r s , 199.
Land reelamation, 226.
Landing stages, 200.
Langston Harbour, 17.
Lantern, 189.
Le Chatelier test, 107.

Leads, sounding, 45.
League, Hanseatic, 5.
Leixoes Breakwater, 120.
Lenticular principle, 268.
Libau, Outport of, 29.
Life-chains, 200.
Light concentration, 268.

signals, 274.
Lighthouses, 189, 262.
Lighting, channel, 256.
Lightning flash lights, 274.
Lightship attendance, 262.
Lightships, 261.
Lime, hydraulic, 99.
Limnoria terebrans, 66.
Line, sounding, 44.
Littoral drift, 23.
Liverpool floating landing stage, 221.
Locality for harbours, selection of, 18.
Lock, air, 55.
London, 5.
Low level system of breakwater construction,

156.
ILubeck, 5.

Luchaire burner, 266.
Luminous beacons, 262.

Ma c h in e  drills, 88.
Madras Breakwater, 126.

Harbour of, 23, 30.
Mammoth, 158.
Manchester, 16.
Marseilles breakwaters, 141.
Mast, pierhead, 190.
Matrix, 98, 103.
Matthew’s burner, 265.
Mediæval navigation, 4.
Mersey River, 16.
Metacentre, 203.
Metacentric, 203.
Metal piles, 70.
Meteorological plienomena, 18, 19.
Milan Conference, Report on Breakwaters, 

140.
Mine firing, 87.
Minor breakwaters, 170.
Mississippi jetties, 25.
Montreal, 18.
Mooring buoys, 200, 255.

posts, 200,
rings, 200.
stages, 200.

Mora, 63.
Mouehel pile, 73.
Moulding piles, 74.
Mound breakwaters, 132.

construction, 149.
Mounds, stability of, 136.

Na pl e s  Br e a k w a t e r , 137.
National interest in harbours, 5.
Natural harbours, 1.
Navigable routes, 227.
Navigation, early, 1.

j Needle for testing cement setting, 106.
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New  York, Harbour of, 15.

piled foundation to quay, 78.

pile tests, 79.

New  York entrance channels, 248.

Nitrated cellulose, 94.
Nitro-glycerine, 93.

Nortliern Lights, Com mission of, 251.

Oa k , 64.

Observations, taking current, 52.
Oregon pine, 65.

Oronsay Lighthouse, 271.

Osaka Harbour works, eonerete at, 109.
Ostend entranoe channel, 245.

Port of, 9.

Ostia, harbour at, 4.

Otter Rock lightship, 260, 263.

Pa in t , 67, 71.

Parabolio ourve, 213.
Paraffin, 68.

Penm aenm awr Quarry, 92.

Percussion drills, 89.

Peterhead Harbour, 12.
Pharos, 3.

Phenom ena, m eteorological, 19.
Pliœnician ports, 2.

harbours, 3.
Pholadidæ, 65.

Pholas dactylus, 66.

Piano blockwork, 168.

Pierheads, 187.
form  of, 188.

Pile-driving  appliances, 71, 76.
Piling, 60.

Pillau, pierheads at, 191.
Pine, 65.

Pintsch lighting system , 258.
burner, 265.

Pirseus, harbour of Athens, 3.

Pirrie, Lord, on state aid for harbours, 6.
Pitchpine, 65.

Plum s or displacers, 103.

Plymouth Breakwater, 113.
Pole, sounding, 45.

Pontoons, 201.

equilibrium  of, 202.

Portland  Breakwater, 112.
Harbour, 11.

Ports, Cinque, 4.
river, 16.

canal, 16.
Portsmouth, piling at, 81.

Preservation of tim ber, 67.

Prevention of corrosion, 71.

Pum p, air, for diving, 57.

Purpleheart, 63.

Q u a r r y in g , 86.

Quays, 196.

Queenstown Harbour, 10, 16.

R a c k -a -r o c k , 94.

Range of light, 271.

Réclamation, land, 226.

Reinforced conerete, 72.

Rhine, rivçr regulation works, 246.
Rhodes, harbour at, 3.

Richm ond river (N .S. W .) entrance, 243.
Rio de Janeiro, 16.
Roadstead, 9.

Rock-cutting, 236.

Rom an harbours, 4.
Rom ney, 4.

Rosslare, 24.

Rot, dry and  wet, 67.
Rotary drills, 88.

Rotterdam , 16.

Routes, ancient sea, 2.
Kje, 4.

S t  Pe t e r s b u r g , 18.
Salam is, harbour at, 3.

Salina Cruz, Harbour of, 23.

San Francisco, 16.
Sandwich, 4.

Sandy Bay Breakwater, 145.

Sandy Bay (U .S.A .) Harbour, 13.
Scipio at Carthage, 3.

Scott burner, 267.

Screw  piles, 70.

Seaford, 4.
Seam -firing, 92.

Sea routes, ancient, 2.

tem perature, influence of on setting of
conerete, 101.

wave, 112.

water on concrete, effect of, 99.

Seine, river regulation works, 227.
Sextants, use of, 52.

Sheathing, 69.

Sheeting piles, 61.

Sidon, Port and Harbour of, 3.
Signals, channel, 252.
Slipways, 199.

Sloping bond, 169.

Sluicing, 237.

Snogebæk Harbour, 41.
Sound signals, 276.

Soundings, 43.

Southport, aceretion at, 21.

Specification for conerete, 102.

cem ent, standard, 102.
Spits, fonnation of, 25.

Stability of breakwaters, 136.

I Staging, Holyhead  Breakwater, 152,153,155.

I Staging system of breakwater construction, 
151, 156.

Stairways, 199.
State subvention, 6.

Station-pointer, 53.

Steel piles, 70.
Steps, 199.

Stone, 84.

quality  of, 84.

hardness of, 85.

weight and  strength of, 86.
obtainm ent of, 86.

Storm  at Genoa, 126.
Bilbao, 132.

Stresses in wall breakwaters, 137.
Stringy  bark, 63.

Subvention, state, 6.
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S u c t io n  d r e d g e r , 2 3 7 .

S u n d e r l a n d  H a r b o u r , 1 1 .

S u n d e r l a n d , p ie r h e a d  a t , 1 9 1 .

S u r , t o w n  o f , 3 .

S u r v e y in g , m a r in e , 4 3 .

S u s p e n s io n  o f  f lo a t in g  l i g h t s , 2 6 2 .

S u s ta in in g  p o w e r  o f  p i l e s , 7 7 .

S u tc l i l f e ’s  s o u n d in g  a p p a r a tu s , 4 5 .

S y d n e y , 1 6 .

S y r a c u s e , h a r b o u r  a t , 3 .

T a m p i c o  H a r b o u r  t r a in in g  w o r k s , 2 3 9 .

T a m p in g ,  9 1 .

Tanai vitalis, 6 7 .

T a r , 6 8 .

T e a k , 6 4 .

Teredo navalis, 6 5 .

Termes, 6 7 .

T id a l  d ia g r a m , 2 2 .

r é g im e , i n f lu e n c e  o f , 2 2 2 .
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p r e s e r v a t io n  o f , 6 7 .

p i l e s , 6 1 .
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T r a d e , B o a r d  o f : g r a n t s  t o  l i a r b o u r s , 7 .

T r a in in g  w a l l s , e x a m p le s  o f , 2 4 9 .

w o r k s , r iv e r ,  2 3 0 .

T r a w le r s , 1 8 .
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T y r e , P o r t  a n d  H a rb o u r  o f , 3 .
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W a te r  j e t , 7 7 .
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! W a v e - t r a p s , 2 3 3 .

W a v e s , f o r m  o f , 1 1 3 .

H e ig h t  o f , 1 1 5 .

l e n g th  o f , 1 1 8 .

b r e a k in g , 1 1 9 .

W e d g in g , 9 2 .

W e s e r  L ig h th o u s e , 2 6 4 .
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W e s tp o r t ( N .Z .) , h a r b o u r w a v e b a s in ,

2 4 1 .

W e t  r o t , 6 7 .

W h i tb y  H a r b o u r , 3 7 .

W ig h a m  b u r n e r , 2 5 7 .
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Fo u r t h  Ed it io n , Revised, with Numerous Diagrams, Examples, and 
Tables, and a Chapter on Foundations. In 'Large Sno. Cloth. I6s.

THE DESIGN OF STRUCTURES:
A Practical Treatise on the Building of Bridges, Roofs, &c.

By S. ANGLIN. C.E., 
Master of Engineering, Royal University of Ireland, late Whitworth Scholar, &c.

“We can unhesitatingly recommend this work not only to the Student, as the BEST 
Tb x t -Bo o k  on the subject, but also to the professional engineer as an e x c e e d in g l y  
v a l u a b l e  book of reference.”—Mechanical World.

In Large Crown 8vo. Handsome Cloth. With 201 Illustrations. 6s. net.

AN INTRODUCTION TO

THE DESIGN OE BEAMS, 
GIRDERS, AND COLUMNS 

IN MACHINES AND STRUCTURES.

With Examples in Graphie Statics.

By  WILLIAM H. ATHERTON, M.Sc., M.I.Me c h .E.

“A very useful source of information. ... A work which we commend very 
highly.”—Nature.

Th ir d  Ed it io n , Thoroughly Revised, Royal Svo. With numerous 
Illustrations and 13 Lithographie Plates, Handsome Cloth, Price 301,

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION:
Being a Text-Book on the Construction of Bridges in Iron and Steel.

FOR THE USE 0F STUDENTS, DRAUGHTSMEN, AND ENGINEERS.

By T. CLAXTON FIDLER, M. In s t . C. E., 
Prof, of Engineering, University College, Dundee

“The new edition of Mr. Fidler’s work will again occupy the same CONSPICUOUS 
POSITION among professional text-books and treatises as has been accorded to its pre- 
decesfeors. So u n d , s im pl e , a n d  f u l l .”—T^ Engineer.

In Medium Svo. Pp. i-xv + 248, fully Illustrated. Price tos. 6d. net. 

CONSTRUCTIONAL STEELWORK :
Being Notes on the Practical Aspect and the Principles of Design, together 

with an Account of the Present Methods and Tools of Manufacture.

By A. W. FARNSWORTH,
Associate Member of the Institute of Mechanical Engineers.

“A worthy volume, which will be found of much assistance. ... A book of 
particular value.”—Practical Engineer.

10ND0N : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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In Large 8vo. Handsome Cloth, Gilt, Uniform with Stability of Ships 
and Steel Ships (p. 38). With 34 Folding Plates and 468

Illustrations in the Text. 30s. net.

The Principles and Practice of

DOCK ENGINEERING.
By  BRYSSON CUNNINGHAM, B.E., As s o c .M.In s t .C.E.,

Of the Engineers’ Department, Mersey Docks and Harbour Board.

GENERAL CONTENTS.

Historieal and Discursive. —Dock Design. —  Constructive Appliances. —  
Materials.—Dock and Quay Walls. —Entrance Passages and Locks. —  
Jetties, Wharves, and Piers.—Dock Gates and Caissons..—Transit Sheds 
and Warehouses. —  Dock Bridges. —  Graving and Repairing Docks.—  
Working Equipment of Docks. —In d e x .

“ We have never seen a more profusely-illustrated treatise. It is a most important 
standard work, and should be in the hands of all dock and harbour engineers.”—Steamship.

“Will be of the greatest service to the expert as a book of reference."—Engineer.

Fo u b t h  Ed it io n . In Two Parts, Published Separately.

A TEXT-BOOK OF 

Engineering Drawing and Design.
BY

SIDNEY H. WELLS, Wh .Sc ., A.M.I.C.E., A.M.I.Me c h .E.

Vo l . I.—Pr a c t ic a l  Ge o m e t b y , Pl a n e , a n d  So l id . 4s. 6d.
Voi. II.—Ma c h in e  a n d  En g in e  Dr a w in g  a n d  De s ig n . 4s. 6d.

With many Illustrations, specially prepared for the Work, and numerous 
Examples, for the Use of Students in Technical Schools and Colleges.

" A c a pit a l  t b x t -b o o k , arranged on an e x c e l l e n t  s y s t e m , calculated to give an intelligent 
grasp of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells shows 
how to make c o m pl e t s  w o r k in g -d r a w in g s , discussing fully each step in the design.”—Electrica! 
Review

In Large Crown 8vo. Handsome Cloth. 4s. 6d. net. 

THE THERMO-DYNAMIC PRINCIPLES 0F

ENGINE DESIGN.

By LIONEL M. HOBB S,
Engineer-Lieutenant, B.N.; Instructor in Applied Meehanies and Marine Engine 

Design at the Eoyal Naval College, Greenwich.

Co n t e n t s . — Laws and Principles of Thermo-Dynamics. — Hot-Air 
Engines.—  Gas and Oil Engines.  —Refrigerating Machines.—Transmission 
of Power by Compressed Air.—The Steam Engine.—Unresisted Expansion 
and Flow through Orifices.—Flow of Gases along Pipes. —Steam Injectors 
and Ejectors.—Steam Turbines. —Appe n d ic e s .—In d e x .

“The whole subject has been very methodically dealt with throughout. ... A standard 
reference.”—Practical Engineer.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND
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In Handsome Cloth. With 252 Illustrations. 15s. net.

THE THEORY 0F THE STEAM TURBINE.
A Treatise on the Principles of Construction of the Stearn Turbine, 

with Historical Notes on its Development.

By  ALEXANDER JUDE.

Co n t e n t s .—Fundamental.—  Historical Notes on Turbines. —The Velocity of Stearn.—  
Types of Steam Turbines. —Practical Turbines.—The Efficiency of Turbines, Type I.—  
Trajectory of the Steam. —Efficiency of Turbines, Types II., III. and IV.—Turbine Vanes.— 
Disc and Vane Friction in Turbines.—Specific Heat of Superheated Steam.—Strength 
of Rotating Discs.—Governing Steam Turbines.—Steam Consumption of Turbines.—The 
Whirling ofShafts.—  Speed of Turbines.—In d e x .

“One of the latest text-books . . . also one of the best . . . there is absolutely 
no padding.”—Sir Villiam White in the Times Engineering Supplement.

In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. 6s. net.

LECTURES ON THE MARINE STEAM TURBINE.
By  Pr o p . J. HARVARD BILES, M.In s t .N.A., 

Professor of Naval Architecture in the University of Glasgow.

“ This is the best popular work on the marine steam turbine which has yet appeared."— 
Steamship. 

Works by BRYAN DONKIN, M.Inst.C.E., M.Inst.Meeh.E., &e.

Fo u r t h  Ed it io n , Revised and Enlarged. With additional Illustrations. 
Large 8vo, Handsome Cloth. 25s. net.

A TREATISE ON

GAS, OIL, AND AIR ENGINES.
By  BRYAN DONKIN, M.In s t .C.E., M.In s t .Me c h .E.

Co n t e n t s .—Pa r t  I.—Gas Engines : General Description of Action and Parts. —  
Heat Cycles and Classification of Gas Engines.—History of the Gas Engine.—The 
Atkinson, Griffin, and Stockport Engines. —The Otto Gas Engine. —Modern British Gas 
Engines.—Modern French Gas Engines.—German Gas Engines. —Gas Production for 
Motive Power.—Utilisation of Blast-furnace and Coke-oven Gases for Power.—The Theory 
of the Gas Engine.—Chemical Composition of Gas in an Engine Cylinder.—Utilisation of 
Heat in a Gas Engine.—Explosion and Combustion in a Gas Engine.—Pa r t  II.—  
Petroleum Engines: The Discovery, Utilisation, and Properties of Oil.—Method of 
Treating Oil.—Carburators.—Early Oil Engines.—Practical Application of Gas and Oil 
Engines. —Pa r t  III.—Air Engines.—Apph n d ic b s .—In d e x .

“The best book now published on Gas, Oil, and Air Engines.”—Engineer.

In Quarto, Handsome Cloth. With Numerous Plates. 25s.

THE HEAT EFFICIENCY 0F STEAM BOILERS
(LAND, MARINE, AND LOCOMOTIVE).

By BRYAN DONKIN, M.In s t .C.E.
Ge n e r a l  Co n t e n t s . —Classification of Different Types of Boilers.—425 Experiments on 

English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables.—Fire 
Grates of Various Types.—Mechanical Stokers.—Combustion of Fuel in Boilers.—Trans­
mission of Heat through Boiler Plates, and their Temperature.—Feed Water Heaters, 
Superheaters, Feed Pumps, &c. —Smoke and its Prevention. —Instruments used in Testing 
Boilers.—Marine and Locomotive Boilers.—Fuel Testing Stations.—Discussion of the Trials 
and Conclusions. —  On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive 
Boilers.  —Appendices.—Bibliography. —In d e x .

“ Probably the m o s t  e x h a u s t iv e  resumé that has ever been collected. A pr a c t ic a l  
Bo o k  by a th'oroughly practical man.”—Iron and Coal Trades Review.

LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND,
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F o u b t h  E d i t i o n , R evised . P o ck et-S ize, L eath er, 1 2 s. 6 d .

B O IL E R S , M A R IN E  A N D  L A N D ;  
THEIR CONSTRUCTION AND STRENGTH.

A  H a n d b o o k  o f  R ü d e s , F o b m u l æ , T a b l e s , & o ., k e l a t i v e  t o  M a t e r i a l , 
S O A N T L IN G S , A N D P R E S S U R E S, S a f B T Y V A l v e s , S P R IN G S , 

F i t t i n g s  a n d  M o u n t i n g s , & o .

F O R  T H E  U S E O F E N G IN E E R S , S U R V E Y O R S , B O IL E R -M A K E R S , 
A N D  S T E A M  U S E R S .

B y  T . W . T R A IL L , M . I n s t . O . E ., F . E . R . N ., 
L ate  E n g in eer S u rv ey o r-in -C hief  to  th e  B o ard  o f  T rad e . 

“  C o n ta in s an  E n o r m o u s  Q u a n t i t y  o p In f o r m a t i o n  arrran g ed  in  a  v ery  co n v en ien t fo rm . . . . 
A  m o s t  Ü S E F U L  V O L U M E . . . su p p ly ln g  in fo rm atio n  to  b e  h ad  n o w h ere  e lse.”— IT ie  Engineer.

F i f t h  E d i t i o n . L arg e C ro w n 8 v o . W ith n u m ero u s  
Illu stra tio n s. 6 s. n et.

E N G IN E -R O O M P R A C T IC E ;
A  H an d b o o k fo r E n g in eers an d O fficers in th e R o y al N av y  an d M ercan tile  

M arin e , in c lud ing  th e  M anag em en t o f  th e  M ain  an d  A u x iliary  
E n g in es  o n  B o ard  S h ip .

B y  JO H N  G . L IV E R S ID G E , R .N ., A .M .I.O .E .
Contents.— G en era l D escrip tio n o f M arin e M ach in ery .  — T h e C o n d itio n s o f S erv ice  an d  

D u ties  o f E n g in eers  o f th e R o y al N av y .— E n try  an d  C o nd itio n s o f S erv ice  o f E n g in eers  o f  
th e L ead in g  S .S . C o m p an ies.— R aisin g S team  — D u ties o f a S team in g W atch o n E n g in es  
an d B o ile rs .— S h u tting o ff S team .— H arb o u r D u ties an d W atch es.— A dju stm ents an d  
R ep airs o f E n g in es.  — P réserv atio n an d R ep airs o f “T an k ” B o ile rs.—  T h e H u ll an d its  
F ittin g s.— O lean ing  an d P ain tin g M ach in ery .— R ecipro ca tin g P u m p s, F eed H eaters , an d  
A u to m atic F eed -W ater R eg u la to rs . —  E v ap o rato rs . —  S team B o ats . —  E lectric L ig h t 
M ach in ery .— H y d rau lic M ach in ery .— A ir-C o m p ressin g P u m p s.—  R efrig era tin g M ach in es. 
— M ach in ery o f D estro yers.— T h e M an ag em en t o f W ater-T u b e B o ile rs .— R ég u latio n s fc r  
E n try  o f A ssistan t E n g in eers, R .N .— Q u estio n s g iv en in E x am in atio n s fo r P ro m o tio n  o f 
E n g in eers. R .N .— R eg u latio n s  resp ectin g  B o ard  o f  T rad e  E x am in a tio n s  fo r E n g in eers, & c

“T h is  V E B Y  Ü S E F U L B O O K . . . . IL L U S T R A T IO N S are o f G R E A T IM P O R T A N C E  in  a w o rk  
o f th is k in d , an d  it is sa tisfacto ry to A n d th a t s p é c i a l  a t t e n t i o n  h as b een  g iv en  in  th is  
resp ect.”— Engineers" Oazette.

F o u r t h  E d i t i o n , T h o ro u g h ly R ev ised an d G rea tly E n larged . 
W ith N u m ero u s Illu stratio n s. P rice 1 0 s. 6 d .

V A L V E S A N D V A L V E  -  G E A R IN G  ;
/  1Practical Text-book forthe use of Engineers, Draughtsmen, and Students.

B y  C H A R L E S H U R S T , P r a c t i c a l  D r a u g h t s m a n .
P a r t  I.— S team  E n g in e V alv es. I P A R T III.— A ir C o m presser V alv es an d
P a r t  II.— G as E n g in e V alv es an d  G earin g .

G ears. | P a r t  IV .— P u m p  V alv es.
"M r . H u r s t ’s  v a l v e s  an d  v a l v b -g b a r in o  w ill p ro v e a v ery  v aluab le a id , an d  ten d  to  th e  

p ro du c tio n  o f  E n g in es  o f  s c i b n t i f i c  d b s i g n  an d  b c o n o m i c a l  w o r k i n g . . . . W ill b e  la rg e ly  
so u g h t afte r b y  S tu d en ts  an d  D esig n ers.”— Marine Engineer.

“  A s  a  p ractica l trea tise  o n  th e su bjec t, th e b o o k  stan d s w ith o u t a  riv al.” —  Mechanical 
World.

Hints on Steam Engine Design and Construction. B y C h a r l e s

H u r s t , “A u th o r o f V alv es an d V alv e G earin g .” S e c o n d  E d i t i o n , 
R ev ised . In P ap er B o ard s, 8 v o ., C lo th B ack . Illu stra ted . P rice  
Is . 6 d . n et.

C o n t e n t s .—  I. S team  P ip es.— II. V alv es.— III. C y lin d ers .— IV . A ir P u m p s an d C o n -  
d en sers.— V . M o tio n W o rk.— V I. C ran k S h afts an d P ed esta ls.— V II. V alv e G ear.— V III. 
L u b rica tio n .— IX . M isce llaneo us  D eta ils  — In d e x .

“A  h an d y  v o lu m e  w h ich  ev ery  p ractica l y o u n g  en g in eer sh ou ld p o ssess .”— The Model 
Engineer.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND.
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Se c o n d  Ed i t io n , Revised. W ith numerous Plates reduced from  
W orking Drawings and 280 Illustrations in the Text. 21s.

A MANUAL OF

LOCOMOTIVE ENGINEERING:
A Praetieal Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Bailway 
Engineers, and Students.

By  W ILLIAM FRANK PETTIGREW , M .In s t .C.E.

W ith a Section on American and Continental Engines.

By  ALBERT F. RAVENSHEAR, B.Sc.,
Of His M ajesty ’s Patent Office.

Contents. —  Historical Introduction, 1763-1863. —  M odern Locomotives : Simple. —  
M odern Locomotives: Compound. Primary Considération in Locomotive Design- 
Cylinders, Steam Ohests, and Stuffing Boxes.  — Pistons, Piston Rods, Orossheads, and  
Slide Bars.— Connecting and Coupling Rods.— W heels and Axles, Axle Boxes, Hornblocks, 
and Bearing Springs. — Balancing.— Valve Gear.  — Slide Valves and Valve Gear Details.—  
Framing, Bogies and Axle Trucks, Radial Axle Boxes.— Boilers.— Smokebox. Blast Pipe, 
Firebox Fittings.  — Boiler M ountings.— Tenders. Railway Brakes.—  Lubrication.— Con- 
sumption of Fuel, Evaporation and Engine Efficiency. — American Locomotives.— Con­
tinental Locomotives.  — Repairs, Running, Inspection, and Renewals.  — Three Appendices. 
— Index.

“The work c o n t a in s  a l l  t h a t  c a n  b e  l e a r n t  from a book upon such a subject. It 
will at once  rank  as t h e  s t a n d a r d  w o r k  u p o n  t h is  im p o r t a n t  s u b j e c t .”—Railway Magazine.

In Large 8vo. Fully Illustrated. 8s. 6d. net.

LOCOMOTIVE GOMPOUNDING AND SUPERHEATING.
By J. F. GAIRNS.

Co n t e n t s .— Introductory.— Compounding and Superheating for Locomotives.— A  
Classification of Compound  Systems for Locomotives.— The History and Development of 
the Compound Locomotive. —  Two-Cylinder Non-Automatic Systems. —  Two-Cylinder 
Automatic Systems.— Other Two-Cylinder Systems.— Three-Cylinder Systems.  — Four- 
Cylinder Tandem  Systems.— Four-Cylinder Two-Crank Systems (other than Tandem). —  
Four-Cylinder Balanced Systems.— Four-Cylinder Divided and Balanced Systems.  —  
Articulated Compound Engines.— Triple-Expansion Locomotives.  — Compound Rack  
Locomotives.— Concluding Remarks Concerning Compound Locomotives.  — The Use of 
Superheated Steam  for Locomotives.—In d e x .

“  A  welcome addition  to the library  of the railway engineer.” —  Engineering Times.

In Large 8vo. Handsome Cloth. With Plates and Illustrations. 16s.

LIGHT RÄILWAYS
AT HOME AND ABROAD.

B y W ILLIAM HENRY 00LE, M .In s t .O .E.,
Late Deputy-M anager, North-W estern Railway, India.

Contents. — Discussion of the Term “  Light Railways.”— English Railways, 
Rates, and Farmers. —  Light Railways in Belgium, France, Italy, other 
European Countries, America and the Colonies, India, Ireland.  — Road Trans­
port as an alternative.—  The Light Railways Act, 1896. — The Question of 
Gauge.— Construction and W orking. — Locomotives and Rolling-Stock. — Light 
Railways in England, Scotland, and W ales. — Appendices and Index.

“ W ill remain, for some time yet a S t a n d a r d  W o r k  in everything relating to Light 
Railways. Engineer.

“The whole subject is e x h a u s t iv e l y  and p r a c t ic a l l y  considered. The work can be 
cordially  recommended as in d is p e n s a b l e  to those whose duty  it is to become acqualuted  
with  one of the prime necessities of the immediate future ” — Railwa" Official Gazette

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAMO



ENGINEERING AND MEOHANICS.VUTSRQPONMLKJIHGFEDCBA31

In Crown 8vo. Handsome Cloth. Fully Illustrated.

PRACTICAL CALCULATIONS FOR ENGINEERS.
By CHARLES E. LARARD,

A.M.Inst.C.E., M.LMech.E., Wh.Exh.,
Head of the Mechanical Engineering Department at the Northampton Institute, London, E.C.

An d H. A. GOLDING, A.M.Inst.C.E.

Co n t e n t s .—Se c t io n  I.—Contracted Methods of Calculation.—Technical Mensura­
tion.— Practical Calculation by Logarithms. —The Slide Rule and its Applications.  — 
Squared Paper and its Uses. Se c t io n  II.—Pulleys and Wheels in Train. —Speed Ratios 
and Practical Examples.—Principle of Moments Applied to Practical Problems. —Work 
and Power.—Energy and Speed Fluctuations.—Transmission of Work through Machines. 
—Friction and Efficiency.—Transmission of Power.—Shafting.—Motion on a Circle.— 
Momentum, Acceleration, and Force Action. Se c t io n  III.—Temperature Scales.—Units 
of Heat.—Speciflc Heat.—Heat and Work.—Heat Value of Fuels.—Heat Losses in Engine 
and Boiler Plant.—Properties of Steam.—Moisture and Dryness Fraction.—Steam and 
Fuel Calculations. —Boiler Efficiency. —Size of Boiler. —Engine Calculations. —Power, 
Indicated and Brake.—Calculations for Dimensions.—Steam Consumption and Willans 
Law.—Efficiencies, Comparative Costs of Power Production.—Commercial Efficiency. 
Se c t io n  IV.—The Commercial side of Engineering.—Calculation of Weights.—Division 
of Costs, Material and Labour, Shop Charges and Establishment Charges.—Estimates.— 
Profit.—Use of Squared Paper in the Estimating Department and to the General 
Management.

Six t h  Ed it io n . Folio, strongly half-bound, 21s.

TRAVERSE TABLES:
Computed to Four Places of Decimals for every Minute of Angle 

up to 100 of Distance.
For the Use of Surveyors and Engineers.

By RICHARD LLOYD GURDEN,
Authorised Surveyor for the Governments of New South Wales and Victoria.

\* Published with the Concurrence oj the Surueyors-General for New South 
Wales and Victoria.

“Those who have experience in exact Su r v e y -w o r k  will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this b y  r e f e r e n c e  t o  b u t  On e  Ta b l e , in place ot the usual Fifteen 
minute computations requireü. This alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of such 
assistance f e w k n o w in g o f t h e ir  pu b l ic a t io n w il l  r e m a in w it h o u t  t h e m .”

—Engineer.

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net.

BONUS TABLES:
For Caleulating Wages on the Bonus or Premium Systems.

For Engineering, Technical and Allied Trades.

By HENRY A. GOLDING, A.M.In s t .M.E., 
Technical Assistant to Messrs. Bryan Donkin and Clench, Ltd., and Assistant Lecturer 

in Mechanical Engineering at the Northampton Institute, London, E.C.

. “C^vjot fail to prove practically serviceable to those for whom they have been 
designed.”—Scotsman.

LONDON: CHARLES GRIFFIN & CO., LIMITED EXETER STREET, STRAND.
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S e c o n d  E d i t i o n . L a rg e S v o , H a n d so m e C lo th . W ith  
I llu s tra tio n s , T a b les , & c . 2 1 s . n e t.

L u b ric a tio n & L u b ric a n ts :
A  T rea tise  o n  th e  T h eo ry  a n d  P rac tic e  o f L u b ric a tio n , a n d  o n  th e  

N a tu re , P ro p ertie s , a n d  T es tin g  o f L u b ric a n ts .

B Y  A N D

L E O N A R D  A R C H B U T T , F .I .C ., F .C .S ., R . M . D E E L E Y , M .I.M e c h .E , F .G .S .,
C h e m is t to  th e  M id . R y . C o . C h ie f  L o c o . S u p er., M id . R y . C o .

C O N T E N T S .— I . F ric tio n  o f S o lid s .— II. L iq u id F ric tio n o r V isc o s ity , a n d P la s tic  
F ric tio n .— III . S u p e rfic ia l T e n sio n .— IV . T h e T h e o ry  o f L u b ric a tio n .— V . L u b ric a n ts , 
th e ir S o u rc e s , P re p a ra tio n , a n d  P ro p e rtie s .  — V I. P h y s ic a l P ro p e rtie s a n d  M e th o d s o f  
E x a m in a tio n  o f L u b ric a n ts .— V II. C h e m ic a l P ro p e rtie s a n d M e th o d s o f E x a m in a tio n  
o f L u b ric a n ts .— V III . T h e S y ste m a tic  T e stin g  o f L u b ric a n ts b y  P h y sic a l a n d  C h e m ic a l 
M e th o d s .— IX . T h e  M e c h a n ic a l T e s tin g  o f L u b ric a n ts .— X . T h e  D e sig n  a n d  L u b ric a tio n  
o f  B e a rin g s .— X I. T h e  L u b ric a tio n  o f M a c h in e ry .— In d e x .

“ C o n ta in s p ra c tic a lly a l l  t h a t  i s  k n o w n  o n  th e su b je c t. D e se rv e s th e  c a re fu l  
a tte n tio n  o f a ll E n g in e e rs .” — Railway Official Gazette.

F o u r t h  E d i t i o n . Very fully Illustrated. Œoth, 4 s . 6 d ,

S T  E Ä M  - B  O  I L  E  R S ï
T H E IR D E F E C T S , M A N A G E M E N T , A N D C O N S T R U C T IO N ,

B y  R D . M U N R O ,
Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Company,

G e n e r a l  C o n t e n t s .— ! . E x p l o s i o n s  c a u se d ( i) b y O v e rh e a tin g o f P la te s— (2 ) B y  
D e fe c tiv e a n d O v e rlo a d e d  S a fe ty  V a lv e s— (3 ) B y  C o rro s io n , In te rn a l o r E x te rn a l— (4 ) B y  
D e fec tiv e  D e sig n  a n d  C o n s tru c tio n  (U n su p p o rte d F lu e  T u b e s  ; U n stre n g th en e d  M a n h o le s  ; 
D e fe c tiv e  S tay in g  ; S tre n g th  o f R iv e tte d  Jo in ts  ; F a c to r  o f  S afe ty )— II. C o n s t r u c t i o n  o r  
V e r t i c a l  B o i l e r s : S h e lls— C ro w n P la te s a n d  U p ta k e T u b e s— M a n -H o le s , M u d -H o le s , 
a n d F ire -H o le s  —  F ire b o x e s  —  M o u n tin g s  —  M a n a g e m e n t —  C le a n in g — T a b le o f B u rs tin g  
P re ssu re s o f S tee l B o ile rs— T a b le o f R iv e tte d J o in ts— S p éc ific a tio n s a n d D ra w in g s o f  
L a n c ash ire  B o ile r  fo r  W o rk in g  P re ssu re s  (a )  8 0  Ib s . ; (3 )  2 0 0  Ib s . p e r  sq u a re  in c h  re sp e c tiv e ly .

“  A  v a lu a b le  c o m p a n io n  fo r  w o rk m e n  a n d  e n g in e ers  e n g a g e d  a b o u t S te a m  B o ile rs , o u g h t 
to  b e  c a re fu lly  s tu d ied , a n d  a l w a y s  a t  h a n d ." —  Coll. Guardian.

B y  T H E  S A M E A U T H O K .

K IT C H E N B O IL E R E X P L O S IO N S : W h y
th e y  O c c u r, a n d  H o w  to  P re v e n t  th e ir  O c c u rre n c e . A  P ra c tic a l H a n d b o o k  

b a se d  o n  A c tu a l E x p e rim e n t. W ith  D ia g ra m  a n d  C o lo u re d  P la te . 3 5 .

In Crown Svo, Cloth. Fully Illustrated. 5 s . nel.

E M E R Y G R IN D IN G M A C H IN E R Y .
A T e x t-B o o k o f W o rk sh o p P rac tic e in G e n era l T o o l G rin d in g , a n d th e  

D e sig n , C o n s tru c tio n ,  a n d  A p p lic a tio n  o f  th e  M ac h in e s  E m p lo y e d .

B y  R . B . H O D G S O N , A .M .In s t .M e c h .E .

In t r o d u c t i o n .  — T o o l G rin d in g .— E m e ry  W h e e ls .  — M o u n tin g  E m e ry  W h e e ls .
— E m e ry R in g s a n d C y lin d e rs . —  C o n d itio n s to E n su re E ffic ie n t W o rk in g .  —  
L e a d in g  T y p e s o f M a c h in e s .— C o n c a v e a n d C o n v e x G rin d in g .  — C u p a n d  C o n e  
M a c h in e s . —  M u ltip le G rin d in g . —  "G u e s t” U n iv e rsa l a n d C u tte r G rin d in g  
M a c h in e s.  —  W a rd U n iv e rsa l C u tte r G rin d e r .  —  P re ss . — T o o l G rin d in g .  —  L a th e  
C e n tre  G rin d e r .  — P o lish in g .  — In d e x .

“ E m in e n tly  p ra c tic a l . . . c a n n o t fa il to  a ttra c t th e  n o tice  o f  th e  u sers  o f  th is  c la ss  c f  
m ac h in e ry , a n d  to  m e e t w ith  c a re fu l p e ru sa l.” — Chem. Trade Journal

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.



ENGINEERING AND MISCHANWS.PONMLKJIHGFEDCBA3 3 .

In  T h r e e  P a r t s . C ro w n  8 v o , H a n d so m e  C lo th . V e ry  F u lly  I llu s tra te d .

MOTOR-CAR MEGHANISM AND MANAGEMENT.

B y  W . P O Y N T E R A D A M S , M .In s t .E .E .

T IT T T IT & E E  F JL S T S .

P a rt I .— T h e P e tro l C a r. P a rt IL — T h e E le e tr ie a l C a r.

P a rt III.— T h e S te am  C a r.

PART I.—THE PETROL CAR. 5 s . n e t.

S e c o n d  E d i t i o n . W ith  im p o rta n t n e w  A p p e n d ix , illu s tra tin g  a n d  d e fin in g  p a rts  

o f  a c tu a l c a rs  in  u se .

C o n te n ts .— S e c t i o n  I .— T h e  M e c h a n i s m  o f  t h e  P e t r o l  C a r .—  

T h e E n g in e .  — T h e  E n g in e  A c c e sso rie s . — E le c tr ic a l Ig n itio n  a n d  A c c e sso rie s . 

— M u ltip le  C y lin d e r E n g in e s .— T h e P e tro l.  — T h e C h a ss is a n d  D riv in g  G e a r. 

— S e c t i o n  II .— T h e  M a n a g e m e n t  o f  t h e  P e t r o l  C a r . — T h e E n g in e .—  

T h e E n g in e A c c e sso rie s .  — E le c tr ic a l Ig n itio n .— T h e C h ass is a n d D riv in g  

G e a r.  — G e n e ra l M a n a g e m e n t.  — A p p e n d i x . — G l o s s a r y .  — In d e x .

“  S h o u ld  b e  c a re fu lly  s tu d ied  b y  th o se  w h o  h a v e a n y th in g  to  d o  w ith  m o to rs.” — Auto^ 
mobile and Carriage Builders' Journal.

In  L a rg e  8 v o . H a n d so m e  C lo th . V e ry  F u lly  I llu s tra te d . 1 8 s . n e t.

A MANUAL OF 

P E T R O L M O T O R S A N D M O T O R -C A R S .

Comprising the Designing, Construction, and Working of Petrol Motors.

B y F . S T R IC K L A N D .

G e n e r a l  C o n t e n t s .  — P a r t  I .: E n g i n e s .— H isto ric a l.  — P o w er R e q u ire d .— G e n e ra l 

A rra n g e m e n t o f E n g in e s .  — Ig n itio n . —  C a rb u re tto rs .  —  C y lin d e rs , P is to n s , V a lv e s , & c .—  

C ra n k  S h afts , C ra n k  C h a m b e rs, C a m s, R u n n e rs , G u id e s , & c . —  P u m p s .  —  F ly w h e e ls.  —  
P ip e A rra n g e m e n ts.— S ile n c e rs .— E n g in e C o n tro l, B a la n c in g .— M o to r C y c le E n g in e s .  —  

M a rin e M o to rs.  — T w o -C y c le M o to rs.  — P a ra ffin C a rb u re tto rs .  —  G a s P ro d u c e rs. P A R T  
II.  : C a r s .  — G e n e ra l A rran g e m e n ts .  —  C lu tc h e s .  —  T ra n sm iss io n .  —  D iffe ren tia l G e a rs. —  
U n iv e rsa l Jo in ts .— A x le s.  —  S p rin g s . —  R a d iu s R o d s . —  B ra k e s . —  W lie e ls . —  F ra m e s . —  
S te e rin g G e a r. —  R a d ia to r.  —  S te p s , M u d g u a rd s , B o n n e ts , & c . —  L u b ric a tio n . —  B a ll  

B e a rin g s .— B o d ie s .— F a c to rs  o f S afe ty .— C a lcu la tio n s  o f S tre sse s.— S p e c ia l C h a n g e  S p e e d  
G e a rs .  — S p e c ia l C a rs.— C o m m e rc ia l V e h ic le s .— R a c in g  C a rs.— In d e x .

R e a d y  Im m e d i a t e l y . In  L a rg e  8 v o , H a n d so m e C lo th . V e ry F u lly  

I llu s tra te d  b y  P la te s  a n d  D ia g ra m s.

T H E P R O B L E M  O F F L IG H T .
B y  H E R B E R T C H A T L E Y , B .S c .(E n g .) , L o n d o n ,

L e c tu re r in  A p p lie d  M e c h a n ic s , P o rtsm o u th  T e c h n ic a l In s titu te .

C o n t e n t s .— T h e P ro b le m  o f F lig h t.  —  T h e H e lix .  —  T h e A ë ro p lan e .  —  T h e A v ip la u e .  —  
D irig ib le B a lo o n s .  — F o rm  a n d F ittin g s o f th e A ira h ip .— A p p e n d i c e s  (The Possibilité of 
Flight, Weight, A Flexible Wing, Iheory of Balance, Bibliography).—In d e x .

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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WORKS BYaZYXWVUTSRQPONMLKJIHGFEDCBA

A N D R E W  JA M IE SO N , M .In s t .C .E ., M .I.E .E ., F.R .S .E .,
Formerly Professor of Electrical Engineering, Tie Glas, and IP. of Scot. Tech. Coll.

PR O FESSO R JA M IE SO N ’S A D V A N C E D T EX T-B O O K S.

In Large Crown Svo. Fully Illustrated.

ST E A M  A N D ST E A M -EN G IN E S, IN C L U D IN G T U R B IN E S  
A N D  B O IL E R S. For the U se  of E ngineers and  for Students preparing  

for E xam inations. W ith 800 pp., over 400 Illustrations, 11 Plates, m any  

B . of E ., C . and  G ., Q uestions and  A nsw ers, and all Inst. C .E. E xam s. 

on Theory of Heat Engines. F i f t e e n t h  E d i t io n , R evised. 10s. 6d.

“  T he  B e s t  B o o k  yet published  for the use of  Students.”— Engineer.

A PPL IE D M E C H A N IC S & M E C H A N IC A L E N G IN E E R IN G . 
Including AU the Inst. C.E. Exams. in (1) A pplied M echanics ; 

(2) Strength and E lasticity of M aterials; (3a) T heory of Structures ; 

(ii) T heory  of  M achines; H ydraulics. A lso  B . of  E . ; C . and  G . Q uestions. 

V ol. I.— C om prising 568 pages, 300 Illustrations, and Q uestions: 

Part I., T he Principle of W ork and its A pplications; Part IL : Friction, 

L ubrication  of B earings, & c. ; D ifferent kinds of G earing  and  their A ppli­

cations to  W orkshop  T ools, & c. F i f t h  E d i t io n . 8s. 6d.
"  F u l l y  m a i n t a i n s  the réputation of the A uthor.”— Pract. Engineer.

V ol. II.— C om prising Parts III. to  V I., w ith  over 800  pages, 371 Illus­

trations  ; M otion and E nergy, T heory  of Structures or G raphic Statics; 

Strength and E lasticity of M aterials ; H ydraulics and H ydraulic  

M achinery . F i f t h  E d i t io n . 12s. 6d.
“W k l l  A N D L U C ID L Y W R IT T EN ."— T ’A s Engineer.

♦ *♦ Each of the above volumes is complète in itself, and sold sefarately.

PR O FE SSO R JA M IE SO N ’S IN TR O D U C T O R Y M A N U A L S

Crown Svo. With Illustrations and Examination Papers.

ST E A M A N D T H E ST E A M -E N G IN E (E lem entary  
M anual of). For First-Y ear Students, form ing an In troduction to the  

A uthor ’s  larger W ork. E l e v e n t h  E d i t io n , R evised  and  E nlarged. 3/6 .
“  Should  be  in  the hands of  h v k r y  engineering apprentice."  — Practical Engineer.

M A G N ET ISM  A N D E L E C TR IC IT Y (P ractical E lem entary  
M anual of). For First-Y ear Students. W ith Stud Inst.C .E . and  B . of  E . 

E xam . Q uestions. S e v e n t h  E d i t io n , R evised and E nlarged. 3/6 .
“  A t h o r o u g h l y  T R U STW O R T H Y T ext-book. P r a c t ic a l  and  clear.”— Nature.

A PPL IE D M E C H A N IC S (E lem entary M anual of).
For First-Y ear Students. W ith  B . of E ., C .and  G . ; and  Stud. Inst. C .E. 

Q uestions. S e v e n t h  E d i t io n , R evised and  G reatly  E nlarged. 3/6 .
“  T he w ork has v e r y  h i g h  q u a l i t i b s , w hich m ay be condensed in to the one w ord  

‘c l e a r . ’ ”— Science and Art.

A PO C K E T -B O O K  of E L E C T R IC A L R U L ES and T A B LE S.
For the U se of E lectricians and E ngineers. B y Jo h n  M u n r o , C .E ., 

and Prof. Ja m ie s o n . Pocket Size. L eather, 8s. 6d. E i g h t e e n t h  

E d i t i o n . [See p. 48 General Catalogue.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.



ENGINEERING AND AIECHANICS.XWVUTSRQPONMLKJIHGFEDCBA35

WORKS BY W. J. RANKINE, LL.D., F.R.S.
Thoroughly Revised by W. J. MILLAR, C.E.

A MANUAL OF APPLIED MECHANICS : Comprising the 
Principles of Statics and Cmematics, and Theory of Structures, 
Mechanism, and Machines. With Numerous Diagrams. Crown 8vo, 
Cloth. Se v b n t e e n t h  Ed it io n . 12s. 6d.

A MANUAL OF CIVIL ENGINEERING: Comprising Engin­
eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal 
Work, Roads, Railways, Canals, Rivera, Waterworks, Harbours, &c. 
With Numerous Tables and Illustrations. Crown 8vo, Cloth. 
Tw e n t y -Th ik d  Ed it io n . 16s.

A MANUAL OF MACHINERY AND MILLWORK : Com­
prising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. With nearly 300 Illustrations. Crown 
8vo, Cloth. Sb v e n t h  Ed it io n . 12s. 6d.

A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS. With a Section on Ga s , Oi l , and AIB 
En g in e s , by Br y a n  Do n k in , M.Inst.C.E. With Folding Plates 
and Numerous Illustrations. Crown 8vo, Cloth. Six t b b n t h  
Ed it io n 12s. 6d.

USEFUL RULES AND TABLES: For Architecte, Builders, 
Engineers, Founders, Mechanics, Shipbuilders, Surveyors, &c. With 
Appe n d ix  for the use of E l b o t b j o a l  En g in e e r s . By Professor 
Ja m ie s o n , M.Inst.O.E., M.I.E.E. Sb v e n t h  Ed it io n . 10s. 6d.

A MECHANICAL TEXT-BOOK: A Practical and Simple 
Introduction to the Study of Mechanics. By Professor Ra n k in e  
and E. F. Ba m b e r , C.E. With Numerous Illustrations. Crown 
8vo, Cloth. F ib t h  Ed it io n . 9s.

*,* The “ Mb o h a n io a l  Te x t -Bo o k ” was designed by Professor Ra n k in e  as an In t b o - 
d u c t io n  to the above Series of Manuals.

MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera­
ture, Elasticity, and Expansion of Vapeurs, Liquida, and Solids. 
Part II. Energy and its Transformations. Part III. Wave-Forms, 
Propulsion of Vessels, &o. With Memoir by Professor Ta it , M.A. 
With fine Portrait on Steel, Plates, and Diagrams. Royal 8vo. 

Cloth. 31s. 6d.

“ No more enduring Memorial of Professor Rankine could be devised than the publica­
tion of these papers in an accessible form. . . . The Collection is most valuable on 
account of the nature of his discoveries, and the beauty and completeness of his analysis.” 

—A rchitect.

lONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND-
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Th ir d  Ed it io n , Thoroughly Rev ised and Enlarged. With 6o Plates and 
Numerous Illustrations. Handsowe Cloth. 34s.

HYDRAULIC POWER
AND

HYDRAULIC MACHINERY.
BY

HENRY ROBINSON, M. In s t . C.E., F.G.S.,
FELLOW OF KING’s COLLEGE, LONDON; PROF. EMERITUS OF CIVIL ENGINEERING, 

KINC’S COLLEGE, ETC., ETC.

Co n t e n t s  —  Discharge through Orifices.—Flow of Water through Pipes.—Accumulators.
—  Presses and Lifts. —Hoists. —Rams.—Hydraulic Engines. —Pumping Engines.—Capstans.
— Traversers. — Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines. — Drills and 
Cutters.—Pile Drivers, Excavators, &c.—Hydraulic Machinery applied to Bridges, Dock 
Gates, Wheels and Turbines.—Shields. — Various Systems and Power Installations — 
Meters, &c. —In d e x .

“The standard work on the application of water power.”—Cassier s Magazine.

Second Edition, Greatly Enlarged. With Frontispiece, several 
Plates, and over 250 Illustrations. 21s. net.

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY
(STEAM AND WATER PRESSURE).

With Practical Illustrations of En g in e s  and Pu m ps  applied to Min in g , 

To w n  Wa t e r  Su ppl y , Dr a in a g e  of Lands, &c., also Economy 

and Efficiency Trials of Pumping Machinery.

By HENRY DAVEY,
Member of the Institution of Civil Engineers, Member of the Institution of 

Mechanical Engineers, F.G.S., &c.

Co n t e n t s  —Early History of Pumping Engines—Steam Pumping Engines— 
Pumps and Pump Valves—General Principles of Non-Rotative Pumping 
Engines—The Cornish Engine, Simple and Compound—Types of Mining 
Engines—Pit Work—Shaft Sinking—Hydraulic Transmission of Power in 
Mines—Electric Transmission of Power—Valve Gears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works Engines — Pumping 
Engine Economy and Trials of Pumping Machinery—Centrifugal and other 
Low-Lift Pumps—Hydraulic Rams, Pumping Mains, &c.—In d e x .

“ By the ‘one English Engineer who probably knows more about Pumping Machinery 
than ANY OTHER.’ ... A VOLUME RECORDING THE RESULTS OF LONG EXPERIENCE AND 

STUDY." — The Engineer.
“ Undoubtedly t h e  b e s t  a n d  m o s t  pr a c t ic a l  t r e a t is e  on Pumping Machinery t h a t  h a s  

ÏKT BERN PÜBU8HED."-Mining Journal.

LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET. STRAND
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AT Pr e s s . In Large 8vo. Handsome Cloth. Profusely Illustrated. 
In  Two Vo l u m e s , Each Complete in itself, and 

So l d  Sk p .a r a t e l y .

TUE DESIGN

AND

CONSTRUCTION OF SHIPS.
By  JOHN HARVARD BILES, M.In s t .N.A.,

Professor of Naval Architecture in Glasgow University.

Co n t e n t s  o f  Vo l u m e  I.—Pa r t  I. : General Considérations.—Methods of Determin­
ation of the Volume and Centre of Gravity of a known Solid. —  Graphie Rules for 
Integration.—Volumes and Centre of Gravity of Volumes.—Delineation and Descriptive 
Geometry of a Ship’s Form.—Description and Instances of Ship’s Forms.—Description 
of Types of Ships. Pa r t  II.: Calculation of Displacement, Centre of Buoyancy and 
Areas.—Metacentres. —Trim.—Coefficients and Standardising. —Results of Ship Calcula­
tions.—Instruments Used to Determine Areas, Moments, and Moments of Inertia of 
Plane Curves.—Cargo Capacities.—Effects on Draught, Trim, and Initial Stability due 
to Flooding Compartments. — Tonnage. —  Freeboard. —  Launching.—  Application of the 
Integraph to Ship Calculations.—Straining due to Unequal Longitudinal Distribution 
of Weight and Buoyancy.—Considération of Stresses in a Girder.—Application of Stress 
Formulæ to the Section of a Ship.—Shearing Forces and Bending Moments on a Ship 
amongst Waves.—Stresses on the Structure when Inclined to the Upright or to the 
Line of Advance of the Waves. — Distribution of Pressure on the Keel Blocks of a 
Vessel in Dry Dock.—Considération of Compression in Ship Structure.

BY PROFESSOR BILES.

LECTURES ON THE MARINE STEAM TURBINE.

With 131 Illustrations. Price 6s. net.

See page 28.

* Royal 8uo, Handsome Cloth. With numerous Illustrations and Tables. 25s.

THE STABILITY OF SHIPS-
BY

SIR EDWARD J. REED, K.C.B., F.R.S., M.P.,

CNIGHT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH OF 

AUSTRIA; MEDJIDIB OF TURKEY; AND RIS1NG SUN OF JAPAN; VICE- 

PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS.

“ Sir Ed w a r d  Re e d ’s  ‘ St a b il it y  o f  Sh ips  ’ is in v a l u a b l e . The Na v a l  Ar c h it k c t  
will find brought together and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere.”—Steamshi^.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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W O R K S B Y T H O M A S W A L T O N ,

N A V A L A R C H IT E C T .

T h i r d  E d i t i o n . I l lu s tra te d  w ith P la te s , N u m e ro u s D ia g ra m s , a n d  

F ig u re s in  th e  T e x t. i8 s . n e t.

S T E E L  S H IP S ;
T H E IR  C O N S T R U C T IO N A N D M A IN T E N A N C E .

A Manual for Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers.

B y  T H O M A S W A L T O N , N a v a l  A r c h i t e c t ,
AUTHOR OF “ KNOW YOUR OWN SHIP.”

C o n t e n t s .  — I . M a n u fa c tu re  o f G a s t  I ro n , W ro u g h t  I ro n , a n d  S te e l .  — C o m ­

p o s itio n  o f I ro n  a n d  S te e l , Q u a lity , S tre n g th , T e s ts , & c . I I . C la ss if ic a t io n  o f  

S te e l  S h ip s . I I I . C o n s id é ra tio n s  in  m a k in g  c h o ic e  o f  T y p e  o f  V e ss e l .  — F ra m in g  

o f S h ip s . IV . S tra in s e x p e r ie n c e d  b y  S h ip s .  — M e th o d s o f C o m p u tin g  a n d  

C o m p a r in g  S tre n g th s  o f  S h ip s . V . C o n s tru c tio n  o f  S h ip s .  — A lte rn a tiv e  M o d e s  

o f C o n s tru c tio n .  — T y p e s o f V e s s e ls .— T u rre t, S e lf T rim m in g , a n d T ru n k  

S te a m e rs , & c .— H iv e ts  a n d  K iv e tt in g , W o rk m a n s h ip . V I. P u m p in g  A rra n g e ­

m e n ts . V II. M a in te n a n c e .  — P re v e n tio n  o f D e te rio ra t io n in  th e H u lls o f  

S h ip s .  — C e m e n t, P a in t , & c .  —  I n d e x .
“  S o  th o ro u ^ h  a n d  w e il w rit te n  is  e v e ry  c h a p te r  in  th e  b o o k  th a t  i t  is  d ii l ic u lt  to  s e le c t  

a n y  o f  th e m  a s  b e in g  w o rth y  o f  e x e e p tio n a l p ra is e . A lto g e th e r , th e  w o rk  is  e x c e lle n t , a n d  

w ill p ro v e  o f  g re a t  v a lu e  to  th o se  fo r  w h o m  i t  is  in te n d e d .”  —  The Engineer.

A t  P r e s s . In  H a n d s o m e  C lo th . V e ry  fu lly  I l lu s tra te d .  

PRESENT-DAY SHIPBUILDING.
For Shipyard Students, Ships’ Officers, and Engineers.

B y  T H O S . W A L T O N ,  

A u th o r o f “ K n o w  Y o u r O w n S h ip .”

G e n e b a l  C o n t e n t s .  — C la s s if ic a t io n .  — M a te r ia ls  u s e d  in  S h ip b u ild in g .—  

A lte rn a tiv e  M o d e s o f C o n s tru c tio n .— D e ta ils o f C o n s tru c tio n .— F ra m in g ,  

P la tin g , R iv e tt in g , S te m  F ra m e s , T w in -S c re w  A rra n g e m e n ts , W a te r  

B a lla s t A rra n g e m e n ts , L o a d in g a n d D isc h a rg in g G e a r , & c .— T y p e s o f  

V e s s e ls , in e lu d in g  A tla n tic  L in e rs , C a rg o  S te a m e rs , O il c a r ry in g  S te a m e rs ,  

T u rre t  a n d  o th e r  S e lf  T rim m in g  S te a m e rs , & c .— I n d e x .

N i n t h  E d i t i o n . Illustrated. Handsome Cloth, Crown 8vo. 7s. 6L

T h e  C h a p te rs  o n  T o n n a g e  a n d  F re e b o a rd  h a v e  b e e n b ro u g h t th o ro u g h ly  
u p  to  d a te , a n d  e m b o d y  th e la te s t (1 9 0 6 ) B o a rd  o f T ra d e R é g u la tio n s o n  

th e s e  s u b je c ts .

K N O W  Y O U R O W N S H IP .
B y  T H O M A S W A L T O N , N a v a l  A r c h i t e c t .

Specially arranged to suit the requirements of Ships’ Officers, Shipoivners 
Superintendents, Draughtsmen, Engineers, and Others,

C o n t e n t s . —  D is p la c e m e n t a n d D e a d w e ig h t. —  M o m e n ts . —  B u o y a n c y . —  S tra in . —  

S tru c tu re .  —  S ta b il i ty .  —  R o llin g . —  B a lla s tin g .  —  L o a d in g .— S h if t in g  C a rg o e s .— E ffe c t o f  

A d m iss io n  o f W a te r  in to  S h ip .— T rim  T o n n a g e .  — F re e b o a rd  (L o a d -h n e ) .  — C a lc u la t io n s .—  

S e t  o f  C a lc u la t io n s  f ro m  A c tu a l  D ra w in g s .— IN D E X .

“  T h e  w o rk  is  o f  th e  h ig h e s t  v a lu e , a n d  a ll w h o  g o  d o w n  to  th e  s e a  in  s h ip s  s h o u ld  m a k e  th e m ­
s e lv e s  a c q u a in te d  w ith  il.”—Shipping World (o n  th e  n e w  e d itio n ) .

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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G R IF F IN ’S N A U T IC A L S E R IE S ,
E d i t e d  b y  E D W . B L A C K M O R E ,  

M aster M ariner, F irst C lass  T rin ity  H ouse  C ertifica te , A ssoc . In st. N .A . ;

A n d  W r i t t e n , m a i n l y , by S a i l o r s  fo r S a i l o r s .

“ T h i s  a d m i r a b l e  s e r i e s .”  — Fairplay. “ A  v e r y  u s e f ü l  s e r i e s .”— Natura.

“E v e r y  S h i p  shou ld  have the w h o l e  S e r i e s  as a  R e f e r e n c e  L i b r a r y . H a n d - 
S O M E L Y  B O U N D , C L E A R L Y  p r i n t e d  and  IL L U ST R A T E D .”— Liverpool Joum. of Commerce.

T he B ritish M ercantile M arine : A n H isto rica i S ketch of its R ise
and  D evelopm en t. B y  the  E d i t o r , C a p t . B l a c k m o r e . 3s. 6d .
“ C ap tain  B lackm ore  s s p l e n d i d  b o o k  . . . con ta in s  parag raphs on  every  po in t 

o f in te rest to  the  M erchant M arine . T he 243 pages of th is book are t h e  m o s t  V A L U - 
A B L E  to  the  sea  cap ta in  that  have  e v e r  been  c o m p i l e d .”— JfercA an i Service Review.

E lem en tary  S eam ansh ip . B y D . W i l s o n -B a r k e r , M aster M ariner, 
F .R .S .E ., F .R .G .S . W ith num erous P la tes, tw o in C olours, and F ron tisp iece . 
F o u r t h  E d i t i o n , T horough ly  R ev ised . W ith  add itiona l Illu stra tions. 6s.
“ T his a d m i r a b l e  m a n u a l , by  C a p t . W i l s o n  B A R K E R , of the ‘ W orcester,' seem s  

to  us  P E R FE C T L Y  D E SIG N E D .”— A  thenœum.

K now  Y our O w n S h ip  : A  S im ple E xp lanation  of the S tab ility , C on ­
struc tion , T onnage , and F reeboard of S h ips. B y  T H O S. W A L T O N , N aval A rch itec t.  
N i n t h  E d i t i o n . 7s. 6d .

“  M r . W a l t o n ’S  book  w ill be  found  v e r y  u s e f ü l .”  — The Engineer.

N av iga tion  : T heore tieal and  P rae tiea l. B y D . W i l s o n -B a b k b r  
and  W i l l i a m  A l l i n g h a m . S e c o n d  E d i t i o n , R ev ised . 3s. 6d .
“P r e c i s e l y  the k ind of w ork required  fo r the N ew  C ertifica tes of com petency .  

C and ida tes w ill find it i n v a l u a b l e .”— Dundee Advertiser.

M arine M eteo ro logy  : F or O fficers of the M erchant N avy . B y  
W i l l i a m  A l l i n g h a m , F irst C lass H onours, N av iga tion , S cience  and  A rt  D epartm en t. 
W ith Illu stra tions and M aps, and facsimile rep roduction of log page . 7s. 6d . 
“ Q uite  the  b e s t  p u b l i c a t io n  on  th is  subject.”— Shipping Gazette.

L a tJ(ud p and  L ong itude : H ow  to  find them . B y W . J . M i l l a r . 
C .E . S e c o n d  E d i t i o n , R ev ised . 2s.

“  C anno t bu t prove  an  acqu isition  to  those  study ing  N av iga tion .”— Marine Engineer.

P ^^^^ M echan ics : A pplied to the requ irem en ts of the S ailo r. 
h ^? U 09 ’ M a o k e n z i e > M aster M ariner, F .R .A .S . S E C O N D  E d i t i o n , R ev ised . 3s. 6d .

W E L L  W O R T H  the  m oney . . . e x c e e d i n g l y  h e l pj w l ."—Shipping World.

T rigonom etry  : F or the Y oung S ailo r, & c. B y R i o h . C . B u c k , of the  
T ham es N au tica l T rain ing  C ollege , H .M .S . “  W orcester.” T h i r d  E d i t i o n , R ev ised . 
P rice  3s. 6d .

“ T his  e m i n e n t l y  PR A C T IC A L  and  reliab le  vo lum e.”  — Schoolmaster.

P rac tica l A lgeb ra. B y R i c h . c . B u c k . C om pan ion V olum e to the  
above , fo r S ailors  and  o thers. S e c o n d  E d i t i o n , R ev ised . P rice  3s. 6d .

“ It  is  JU S T  T H E  b o o k  fo r the  young  sa ilo r  m indfu l of  progress."—Nautical Magazine.

T he L egal D uties of S h ipm asters. B y B e n e d i c t  W m . G i n s b u r g , 
M .A ., L L .D ., of the  Inner T em ple  and  N orthern  C ircu it: B arris te r-a t-L aw S E C O N D  
E d i t i o n , T horough ly  R ev ised  and  E nlarged . P rice  4s. 6d .

“  In v a l u a b l e  to  m asters . . . . W e  can  fu lly  recom m end  it."—Shipping Gazette.

A M ediea l and  S urgiea l H elp
A id  a t  S ea . B y  W m . J o h n s o n  S m i t h , 
H ospita l, G reenw ich . T h i r d  E d i t i o n , 
“  S o u n d , j u d i c i o u s , r e a l l y  h e l p f u l .

i^F j^ iP niaste rs . Inc lud ing F irst
^ , i ncipa l M edica l O fficer, S eam en ’s  

Jho rough ly  R ev ised . 6s.
—The Lancet.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND
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GRIFFIN’S NAUTICAL SERIES.

Introductory Volume. Price 3s. 6d.

THE

British Mercantile Marine.
By  EDWARD BLACKMORE,

MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITHCTS;
MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS

IN SCOTLAND; EDITOR OF GRIFFIN’S “NAUTICAL SERIES.

Ge n e r a l  Co n t e n t s .—H is t o m c a l  : From Early Times to 1486—Progress 
ander Henry VIII.—To Death of Mary—During Elizabeth ’s Reign-ITp to 
the Reign of William III.—The 18th and 19th Centuries—Institution of 
Examinations —  Rise and Progress of Steam Propulsion  —  Development of 
Free Trade—Shipping Legislation, 1862 to 1875— ^ocksley Hall Case 
Shipmasters ’ Societies—Loading of Ships—Shipping Législation, 1884 to 1894—  
Statistics of Shipping. Th e  Pe r s o n n e l  : Shipowners—Officers  —  Mariners—  
Duties and Present Position. Ed u c a t io n  : A Seaman’s Education  : what it 
ehould be—Present Means of Education—Hints. D is c ip l in e  a n d  Du t y  
Postscript—The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation.

“In t h r b s t in o  and In s t r u c t iv e . . . may be read w it h  p b o f i t  and e n j o t m b n t ."- 

^^^^v ^r t  b k a n c h  of the subject is dealt with in a way which shows that the writer 

‘^'Th^ADKABLTbook'-,SC<,<S"t Éb m s with useful information-Should he in the 

.hånds of every Sailor.”—Western Morning News.

Fo u r t h  Ed it io n , Thoroughly Ilevised. With Additional 
Illustrations. Price 6s.

A MANUAL. OF 

ELEMENTARY SEAMANSHIP«
BY

D WILSON-BARKER, M a s t e r  Ma r in e r ; F.R.S.E., F.R.G.S., &c., &o.
YOUNGER BROTHEK OF THE TRINITY HOUSE.

With Frontispieee, Numerous Plates (Two in Colours), and Illustrations 
in the Text.

Ge n e r a l  Co n t e n t s . —The Building of a Ship; Parts of Hull, Masts, 
&c.—Ropes, Knots, Splicing, &c. —  Gear, Lead and Log, te.“W?' 
Anchors  —  Sailmaking— The Sails, &c. —  Handhng of Boats under Sad —  
Signals and Signalling—Rule of the Road-Keeping and Reheving Watch- 
Points of Etiquette—Glossary of Sea Terms and Phrases— Index.

*.*  The volume eontains the n e w  k u l e s  o f  t b e  k o a d .

“ This a d m ir a b l e  m a n u a l , by Oa p t . W i l s o n -Ba r k e k  of the ■Worcester,' seem« to us 
b b r f b c t l y  DESIGNE», and holds its place excellently in GKii'E 'JN BNAi>TmiL Se u il s . ...  
Although intended for those who are to beconie Officers of the Merchant Navy, it will be 
found useful by a l l  y a c h t s m e n .”—Athenæum.

*$* For complète List of Gb if f in 'b  Na u t ic a l  Se r ie s , see p. 39.
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GRIFFIN’S NAUTICAL SERIES.

Se c o n d  Ed it io n , Revised and Illustrated. Price Ss. 6d.

NAVIGATION:
PRACTICAL AND TREORETICAC.

B y  DAVID W ILSON-BARKER, R.N.R., F.R.S.E., åo., Ao.,
AND

W ILLIAM ALLINGHAM ,
FIRST-CLASS HONOÜRS, NAVIGATION, SCIENCE AND ART DEPARTMENT.

W itb TRumerous JUustrattonø anb Lamination Questions»
G e n e r a l  Co n t e n t s . — Definitions— Latitude and Longitude— Instruments 

of Navigation— Correction of Courses— Plane Sailing— Traverse Sailing— Day ’s 
W ork —  Parallel Sailing  —  M iddle Latitude Sailing —  M ercator ’s Chart—  
M ercator Sailing— Current Sailing— Position  by  Bearings— Great Circle Sailing 
— The Tides— Questions —  Appendix: Compass Error— Numerous Useful Hints 
&c.— Index.

“  P r e c is e l y  the kind of work required  for the New  Certiflcates of competency in grades 
from  Second M ate to extra M aster. . . . Candidates will find it in v a l u a b l e ."-Dunder 
Advertiser.

‘‘A CAPITAL LITTLE BOOK . . specially adapted to the New Examinations. The 
Authors are Ca p t . W i l s o n -Ba r k e r  (Captain-Superintendent of the Nautical College, H.M .S. 

W orcester,’ who has had great experience in the highest problems of Navigation), and  
M r . A l l in g h a m , a  well-known  writer on  the Science  of Navigation  and  Nautical Astronomy  ” 
—Shipping World.

Handsome Gloth. Fully Illustrated. Price 7s. 6d. 

M ARINE M ETEOROLOGY,
FOR OFFICERS 0F THE M ERCHANT NAVY.

B y  W ILLIAM ALLINGHAM , 
Joint Author of “Navigation, Theoretical and Practical."

W ith numerous Plates, M aps, Diagrams, and  Illustrations, and  a  facsimile 
Reproduction of a Page from  an actual M eteorological Log-Book.

SUM M ARY OF CONTENTS.

In t r o d u c t o k y .— Instruments Used at Sea for M eteorological Purposes.— M eteoro- 
logical Log-Books.— Atmospheric Pressure.  — Air Temperatures.— Sea Temperatures -  
W inds.— W ind Force Scales.— History of the Law of Storms.— Hurricanes, Seasons and  
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Iceberes —  Svn. 
chronous Charte.— Dew, M iste, Fogs, and Ilaze.— Clouds.— Rain, Snow, and Hail- 
M irage, Rainbows, Coronas, Halos, and M eteors.— Lightnlng, Corposants and Auroras’—  
Qu e s t io n s .— Ap p e n d ix .— In d e x .

" ^"^ % e “E3T publication, a n d  certainly the m o s t  in t e b b s t in g , on this subiect 
presented  to Nautical men."—Shipping Gazette. on mis suoject ever

*»* For Complète List of G r i f f in ’s  N a u t ic a l  Se r ie s , see p. 39.
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S e c o n d  E d i t io n , R e v i s e d . W ith  N um erous Illu stra tions. P rice 3s. 6d .

P ractica l M echan ics:
A pplied to  the R equirem en ts of the S ailo r.

B y T H O S . M A C K E N Z IE ,
Master Manner, F.R.A.S.

G e n e r a l  C o n t e n t s . — R eso lution  and C om position of F orces—  W ork  done  
by M achines and L iv ing A gents— T he M echan ical P ow ers: T he L ever; 
D erricks as B ent L evers— T he W heel and A xle  : W indlass  ; S hip  s  C apstan  ; 
C rab W inch-T ack les  : the “ O ld M an  ”— T he Inclined P lane  ; the S crew —  
T he C entre of G rav ity  of a S hip and C argo  —  R elative S treng th of B ope : 
S teel W ire, M anilla, H em p, C oir— D erricks and S hears— C alcu la tion of the  
C ross-b reak ing S tra in of F ir S par— C entre of E ffo rt of S ails H ydrostatics  : 

the  D iv ing-bell ; S tab ility  of F loating  B odies ; the  S hip ’s  P um p, & c.
“  T h i s  e x c e l l e n t  b o o k  . . . con ta ins  a  l a r g e  a m o u n t  of in fo rm ation .

“  W e l l  w o r t h  the  m oney . . . w ill be  found e x c e e d in g l y  h e l p f u l .

‘^^ o ^S h i p s ’ O f f i c e r s ’ b o o k c a s e  w ill hencefo rth be com plété w ithou t 

C a p t a i n  M a c k e n z ie ’s  ‘P r a c t i c a l  M e c h a n ic s . ’ N otw ithstand ing  m y  m any  
years ’ experience  at sea , it has  to ld  m e how mach more there is to acquire." 
(L etter  to  the  P ublishers  from  a  M aster M ariner).

“  I  m ust express m y  thanks  to  you  fo r the labour and care you have taken  
in 'P r a c t i c a l  M e c h a n i c s .’ . . . I t  is a  l i f e ’s  e x p e r i e n c e . . . 
W hat  an  am ount w e  frequen tly  see  w asted  by  rigg ing  purchases  w ithou t reason  

and  acciden ts to  spars, & c., & c. ! ‘P r a c t i c a l  M e c h a n ic s w o u l d  s a v e  a l l  

t h i s .”— (L etter to  the  A uthor from  ano ther M aster  M ariner).

WORKS BY RICHARD C. BUCK, 
of  the  T ham es  N autica l T rain ing  C ollege , H .M .S . ‘ W orcester.'

A M anual of T rigonom etry  :
With Diagrams, Examples, and Exercises. Price 3s. 6d.

T h i r d  E d i t i o n , R evised and C orrected .

* » M r. B uck ’s T ext-B ook has been s p e c i a l l y  p b b p a b e d  w ith a v iew  

to  the  N ew  E xam inations of the B oard of T rade, in w hioh  T rigonom etry  

is an  ob ligato ry  sub ject. „ „ .,
“  T his b m in b s t l y  P R A C T IC A L and e b l i a b l e  V O L U M E . —Schoolmaster.

k M anual of A lgebra.
Designed M meet the Requirements of Sailors and others. 

S e c o n d  E d i t i o n , R evised . P rice  3s. 6d .

* *  T hese elem en tarv w orks on a l g e b r a  and  t r i g o n o m e t r y  are w ritten specia lly  fo r 
thoøe*w ho  w ill have  little  opportun ity  of consu lting  a  T eacher. T hey  are hooks fo r s e l f - 
H e l p ” A ll bu t the sim plest exp lanations have, therefo re , been avoided , and  a n s w e r s  to  
th^E xercises  are  g?ven . 1 A ny  person  m ay  read ily , by  carefu l ^udy^ecom e  m aster of  theP  

con ten ts, and  thus lay  the  foundation  fo r a  fu rther m athem atica l course , if desired .lt is 
honed  tha t to the younger  O fficers  of our M ercan tile M arine they  w ill be  found  deo lded ly  
serv iceab le . T he  E xam ples  and E xercises are taken  from  the E xam ination  P apers  se t fo r 

‘b ” “"o iearly a 'rranT od?and  'w ell go t up . ... A A rst-re te E lem entary A lgebra . -  

Nautical Magatine.
***  F or com plété  L ist of G r i f f i n  s  N a d t i s a l  S e r i e s , see  p . 39 .

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN’S NAUTICAL SERIES,ZYXWVUTSRQPONMLKJIHGFEDCBA

Se c o n d  Ed it io n , Thoroughly Revised and Extended. In Crown 8vo. 
Handsome Cloth. Price 4s. 6d.

THE LEGAL DÜTIES OF SHIPMASTERS.
BY

BENEDICT WM. GINSBURG, M.A., LL.D. (Ca n t a b .),
Of the Inner Temple and Northern Circuit; Barrister-at-Law.

General Contents.—The Qualification for the Position of Shipmaster—The Con- 
tract with the Shipowner—The Master’s Duty in respect of the Crew  : Engagement 
Apprentices; Discipline; Provisions, Accommodation, and Medical Comforts ; Payment 
of Wages and Discharge—The Master’s Duty in respect of the Passengers—The Master’s 
Financial Responsibilities—The Master’s Duty in respect of the Cargo—The Master’s 
Duty in Case of Casualty—The Master’s Duty to certain Public Authorities—The 
Master’s Duty in relation to Pilots, Signals, Flags, and Light Dues—The Master’s Duty 
upon Arrivai at the Port of Discharge—Appendices relative to certain Legal Matters: 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Régula­
tions, Life-saving Appliances, Carriage of Cattle at Sea, &c., &c.—Copious Index.

“ No intelligent Master siiould fail to add this to his list of necessary books. A few lines 
of it may s a v e  a  l a w y e r ’s  f e e , r e s id e s  e n d l e s s  w o r r y .’'—Liverpool Journal of Commerce.

“Se n s ib l e , plainly written, in c l e a r  and n o n -t e c h n ic a l  l a n g u a g e , and will be found of 
nuon s e r v ic e  by the Shipmaster.”—British Trade Review.

Se c o n d  Ed it io n , Revised. With Diagrams. Price 2s. 

Latitude and Longitude:
Hoisr to Find tiiem.

B y W. J. MILLAR, C.E., 
Late Secretary to the Inst. of Engineers and Shipbuilders in Scotland.

“ Co n o is e l y  and c l e a r l y  w r it t e n  . . . cannot but prove an acquisition 
to those studying Navigation.”—Marine Engineer.

“ Young Seamen will find it h a n d y  and u s e f u l , s im p l e  and c l e a r .”— ïAe 
Engineer.

FIRST AID AT SEA.

Th ir d  Ed it io n , Revised. With Coloured Plates and Numerous Illustra­
tions, and comprising the latest Régulations Respecting the Carriage 

of Medical Stores on Board Ship. Price fis.

A MEDICAL AND SÜRGICAL HELP
FOR SHIPMASTERS AND OFFICERS

IN THE MERCHANT NAVY.

By WM. JOHNSON SMITH, F.R.O.S., 
Principal Medical Officer, Seamen ’s Hospital, Greenwich.

*** The attention of all interested in our Merchant Navy is requested  to this exceedingly  
useful and valuable work. It is needless to say that it is the outcome of many years 
p r a c t ic a l  e x p e r ie n c e  amougst Seamen.

“  So u n d , j u d ic io u s , r e a l l y  h e l p f u l .”—The Lancet.

*,* For Complété List of Gr i f f in ’s  Na u t ic a l  Se r ie s , see p. 39.
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GRIFFIN’S NAUTICAL SERIES.

N in t h  Ed i t io n . Revised, with Chapters on Trim, Buoyancy, and Calcula­
tions. Numerous Illustrations. Handsome Cloth, Crown Svo. Price 7s. 6d.

KNOW YOUR OW N SKIP,
B y  THOM AS W ALTON, N a v a l  A r c h i t e c t .

Specially arranged to suit the requirements of Ships’ Officers, Shipouiners, 
Superintendents, Draughtsmen, Engineers, and Others.

This work explains, in  a sim ple m anuer, such im portant subjects as:— Displacem ent.—  
Deadweight. — Tonnage — Freeboard. —  M om ents. —  Buoj ancy.—  Strain.— Structure.— Stab- 
ility.— Rolling.— Ball 18  ting. —  Loading. — Shifting Cargoes. —  Adm ission of W ater.— Sail 

^^The  nttle book will be found e x c e e d in g l y  h a n d y  by m ost officers and officials connected 

with shipping. . . . Air. W altons work will obtain La s t in g  s d c c e s s , because of its unique 
fitness for those for whom  it has been writ en."—Shipping World.

BY THE SAME AUTHOR.

Steel Sliips: Tlieir Construction and M aintenance.
(See page 38.)

S ix t e e n t h  Ed i t io n , Thoroughly Revised. Large Svo, Cloth, 
pp. i-xxiv+708. With 280 Illustrations, reduced Jrom

Working Drawings, and 8 Plates. 21s. net.

AMANUAL OF 

M ARINE ENGINEERING:
COM PRISING THE DESIGNING, CONSTRUCTION, AND  

W ORKING OF M ARINE M ACHINERY.

By A. E. SEATON, M .I.C.E., M .I.M ech.E., M .I.N.A.

G e n e r a l  Co n t e n t s . —  P a r t  I.— Principles of M arine Propulsion. 
Pa r t  II.—  Principles of Steam Engineering. Pa r t  III. —  Details of 
M arine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, & c. Pa r t  IV .—  Propellers. Pa r t  V.— Boilers.

Pa r t  VI.— M iscellaneous.
“The Student, Draughtsman, and Engineer will find this work the m o s t  v a l u a b l e  

H a n d b o o k  of Reference on the M arine Engine now  in existence.”— Marine Engineer.

N in t h  Ed i t io n , Thoroughly Revised. Pocket-Size, Leather. 8s. 6d.

A POCKET-BOOK OF 

M ARINE ENGINEERING RULES AND TABLES,
FOR THE USE OF

M arine Engineers, Naval Arehiteets, Designers, Draughtsmen, 
Superintendents and Others.

B y  A. E. SEATON, M .I.O.E., M .I.M ech.E., M .I.N.A.,
AND

H. M . ROUNTHW AITE, M .I.M ech.E., M .I.N.A.
“  The best book of its kind, and the inform ation is both  up-to-date and reliable.”—
Engineer.____

tONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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WORKS BY PROF. ROBERT H. SMITH, Assoc.M.I.C.E.,
M.I.Mech.E., M.LE1.E., M.I.Min.E., Whit. Sch., M.Ord.Meijt

THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS,

Applied to Technical Problems.

WITH EXTENSIVE

OLASSIFIED REFERENCE LIST OF INTEGRALS.

By PROF. ROBERT H. SMITH.

ASSISTE!) BY

R. F. MUIRHEAD, M.A., B.Sc.,
Formerly Olark Fellow of Glasgow University, and Lecturer on Mathematics at 

Mason College.

In Crown 8vo, extra, with Diagrams and Folding-Plate. 8s. 6d.

“ Pr o f . R. H. Sm it h ’s  book will be serviceable in rendering a hard road a s  b a b y  a s  pr a c t ic - 
ABLB for the non-mathematical Student and Engineer.”—Athenœum.

“ Interesting diagrams, with practical illustrations of actual occurrence, are to be found here 
in abundance. Th b  v e r y  c o m pl é t é  c l a s s if ie d  r e f e r e n c e  t a b l e  will prove very useful in 
saving the time of those who want an integral in a hurry.”—T/ie Enøineer.

MEASUREMENT CONVERSIONS
(English and French):

43 GRAPHIC TABLES OR DIAGRAMS, 0N 28 PLATES.

Showing at a glance the Mu t u a l  Co n v e r s io n  of Me a s u r e m e n t s  
in DIFFERENT UNITS

Cf Lengths, Areas, Volumes, Weights, Stresses, Densitles, Quantities 
of Work, Horse Powers, Temperatures, &o.

For the use of Engineers, Surueyors, Architecte, and Contractors.

In 4to, Boards. 7s. 6d.

*»* Prof. Sm it h ’s  Co n v e r s io n -Ta b l e s  form the most unique and com- 
prehensive collection ever placed before the profession. By their use muoh 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer’s Office will be 
oonsidered complété without them.

Pocket Size, Leather Limp, with Gilt Edges and Rounded Corners, printed on Special 
Thin Paper, with Illustrations, pp. i-xii 4 - 834. Price 18s. net.

(THE NEW “ NYSTROM”)

THE MECHANICAL ENGINEER’S REFERENCE BOOK
A Handbook of Tables, Formules and Methode for Engineers, 

Students and Draughtsmen.

By  HENRY HARRISON SUPLEE, B.Sc., M.E.
“ We feel sure it will be of gi'eat service to mechanical enguaeers.”—Engineering.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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Se c o n d  Ed i t io n . In Large 8vo. Handsom e Cloth. 16s.

CHEMISTRY FOR ENGINEERS.
BY

BERTRAM BLOUNT, a n d A. G. BLOXAM ,
F.I.C., F.O.8., A.I.O.E. F.I.C., F.C.S.

GENERAL CONTENTS.— Introduction— Chem istry of the Chlef M aterials 
of Construction— Sources of Energy— Chem istry  of Steam-ralslng— Chem is­
try of Lubrlcation and Lubricants— M etallurgical Processes used In the  
W inning  and  M anufacture of M etals.

“The authors have s ü c c k b d e d  beyond all expectation, and have produced a  work whlcb 
ahould give f r b s h  Po w e r  to the Engineer and M anufacturer."—  The Times.

By the sam e Authors, “  Ch e m is t r y  f o r  M a n u f a c t ü r e r s ,” see p. 71.

THE ELEM ENTS OF CHEM ICAL ENGINEERING. By  
J. G r o s s m a n n , M .A., Ph.D ., F.I.C . W ith a Preface by Sir 
W i l l i a m  R a m s a y , K.C.B., F.R.S. In Handsom e Cloth. W ith  
nearly 50 Illustrations. 3s. 6d. net. [See page 70.

A t  P r e s s . In Dem y Quarto. W ith  Diagram s and W orked Problem s. 
2s. 6d. net.

PROPORTIONAL SET SQUARES  
APPLIED TO GEOM ETRICAL PROBLEM S.

B y  L i e u t .-Co l . THOM AS ENGLISH, Late Royal Engineers.

Wo r k s by WALTER R. BROWNE, M.A., M.In s t .C.E.

THE STUDENT’S MECHANICS:
An Introduction to the Study of Force and M otion.

W ith Diagram s. Crown 8vo. Cloth, 4s. 6d.
“  Clear in style and practical in inethod, ‘Th b  S t u d b n t ’s  M e c h a n ic s ’ is cordially  to bo  

recom m ended from  all points of  view.”—^  thenaum.

FOUNDATIONS OF MECHANICS.
Papers reprinted from  the Engineer. In Crown 8vo, is.

Dem y 8vo, with Num erous Illustrations, 9s.

FUEL AND WATER: 
A M anual for Users of Steam and W ater.

By  P r o f . FRANZ SCHW ACKHÖFER o f  V i e n n a , a n d  
W ALTER R. BROW NE, M .A., C.E.

G h n b r a l  Co n t b n t s .— Heat and Com bustion— Fuel, Varieties of— Firing Arrangem ents: 
Furnace, Flues, Chimney  —  The Boiler, Choice of  —  Varieties  —  Feed-water Heaters—  
Steam  Pipes— W ater: Com position, Purification— Prevention of Scale, & c., & c.

*‘ The Section on Heat is one of the best and m ost lucid ever written.”-Æ ^:^.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFINS LOCAL GOVERNMENT HANDBOOKS.

W ORKS SUITABLE FOK MUNICIPAL AND COUNTY ENGINEERS, 

ANALYSIS, AND OTHERS.

See also Davies' Hygiene, p. 99, and MaeLeod’s Calculations, p. 110 General Catalogue.

Gas Manufacture (The Chemistry of). A Handbook on the Pro- 
duction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro- 
duets. By W .J. A. BUTTERFIELD, M.A., F.I.C., F.C.S. W ith  Illustrations. Fo u r t h  
Ed i t io n , Revised. Vol. I., 7s. 6d. net. Vol. II., in préparation. [See page  77.

W ater Supply  : A Practical Treatise on the Selection of Sources and the 
Distribution of W ater. By Re g in a l d  E. M id d l e t o n , M.Inst.C.E., M.Inst.Mech.E., 
F.S.I. W ith Numerous Plates and Diagrams. Crown 8vo. 8s. 6d. net. [See page 77.

Central Eleetrieal Stations : Their Design, Organisation, and Manage­
ment. By  C. H. W o r d in o h a m , A.K.C., M.I.C.E. Se c o n d  Ed i t io n . 24s. net. [Seep. 48.

Eleetrieity Control. By Le o n a r d  An d r e w s , A.M.Inst.C.E., M.I.E.E. 
12s. 6d. net. [See page 48.

Eleetrieity Meters. By H e n r y  G. So l o m o n , A.M.Inst.E.E. 16s. 
net. [See page 49.

Trådes’ W aste : Its Treatment and Utilisation, with Special Reference 
to the Prevention of Rivers ’ Pollution. By W . Na y l o r , F.C.S., A.M.Inst.C.E. 
W ith Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page 76.

Caleareous Cements: Their Nature, Préparation, and Uses. W ith  
some Remarks upon Cement Testing. By G i l b e r t  Re d g r a v e , Assoc.Inst.C.E., 
and Ch a s . Sp a c k m a n , F.C.S. W ith Illustrations, Analytical Data, and Appendices 
on Costs, &c. 15s. net. [See page 76.

Road Making and Maintenance: A  Practical Treatise for Engineers, 
Surveyors, and others. W ith an  Historical Sketch of Ancient and Modern Practice. 
By Th o m a s  A i t k e n , Assoc.M.Inst.C.E., M. Assoc. Municipal and County Engrs.; 
M. San. Inst. Se c o n d  Ed i t io n , Revised. Fully Illustrated. [See page 79

Light Railways at Home and Abroad. By W i l l ia m  H e n r y  Co l is , 
M.Inst.C.E., late Deputy Manager, North-W estern Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. 16s. [See page 30.

Praetieal Sanitation : A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By Ge o . Re id , M.D., D.P.H., Medical Officer, Staffordshire 
County Council. W ith Appendix (re-written) on Sanitary Law, by Herbert Manley, 
M.A., M.B., D.P.H., Barrister-at-Law. Th ir t e e n t h  Ed i t io n , Thoroughly  Revised. 
6s. [See page 78.

Sanitary Engineering: A Practical Manual of Town Drainage and  
Sewage and Refuse Disposai. By Fr a n c is  W o o d , A.M.Inst.C.E., F.G'.S. Se c o n d  
Ed i t io n , Revised. Fully Illustrated. 8s. 6d. net. [See page 78.

Dairy Chemistry: A  Practical Handbook for Dairy  Managers, Chemists, 
and Analysts. By H. D r o o p RICHMOND, F.I.C., Chemist to the Aylesbury Dairy 
Company. W ith Tables, Illustrations, &c. Handsome Cloth, 16s. [See page 73.

Dairy Analysis: The Laboratory Book of. By H. D r o o p R ic h m o n d , 
F.I.C. Fully Illustrated, Cloth. 2s. 6d. net. [See page 73.

Milk: Its Production and Uses. W ith Chapters on Dairy Farming, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By EDW ARD F. 
W i l l o u g h b y , M.D. (Lond.), D.P.H. (Lond. and Camb.), 6s. net. [See page 73.

Flesh Foods: W ith Methods for their Chemical, Microscopical, and  
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. A in s w o r t h  M i t c h e l l , B.A., F.I.C., Mem. Council Soc. of Public 
Analysts. W ith numerous Illustrations and a coloured Plate. 10s. 6d. [See page 74.

Foods: Their Composition and Analysis. By A. W y n t e r  B l y t h , 
M.R.C.S., F.C.S., Public Analyst for the County of Devon, and M. W B l y t h , 
B.A., B.Sc. W ith Tables, Folding Plate, and Frontispiece. F i f t h  Ed i t io n , 
Thoroughly  Revised. 21s. [See page 72.

LONDON : CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND.



48 CHARLES GRIFFIN & CO.’S PUBLICA TIONS.

ELECTRICAL ENGINEERING.

Se c o n d  Ed it io n , Revised. In Large Sno. Handsome Cloth. Profusely 
lUustrated wüh Plates, Diagrams, and Figures. 24,. net.

CENTRAL ELECTRICAL STATIONS:
Their Design, Organisation, and Management.

By  CHAS. H. WORDINGHAM, A.K.C., M.In s t .C.E., M.In s t .Me c h .E.,
Late Memb. of Council Inst. E. E., and Electrical Engineer to the City of Manchester :

Electrica! Engineer-in-Chief to the Admiralty.

ABRIDGED CONTENTS.
Introductory. —Central Station Work as a Profession. —As an Investment.—The Estab­

lishment of a Central Station —  Systems of Supply.—Site.—  Architecture.—  Plant.—Boilers —  
Systems of Draught and Waste Heat Economy.—Coal Handling, Weighing, and Storing- 
The Transmission of Steam. —  Generators. —  Condensing Appliances.—  Switching Gear, 
Instruments, and Connections.—Distributing Mains.—Insulation, Resistance, and Cost.—  
Distributing Networks. —  Service Mains and Feeders. —  Testing Mains. —  Meters and 
Appliances.—Standardising and Testing Laboratory.—Secondary Batteries.—Street Light- 
ing. —  Cost. —  General Organisation —  Mains Department. —  Installation Department. —  
Standardising Department. —  Drawing Office —  Clerical Department. —  The Consumer. —  
Routine and Main Laying.—In d k x .

“ One of the m o s t  v a l u a b l e  c o n t r ib u t io n s  to Central Station literature we have had 
for some time.”—Electricity.

In Large 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net.

ELECTRICITY CONTROL.
A Treatise on Electric Switehgear and Systems of Electric Transmission.

By LEONARD ANDREWS,
Associate Membei of the Institution of Civil Engineers, Member of the Institution of 

Electrical Engineers, &c

General Principles of Switehgear Design.—Constructional Details. —  Circuit Breakers or
Arc Interrupting Devices.—Automaticaliy Operated Circuit- Breakers.—Alternating Reverse 
Current Devices. —  Arrangement of ’Bus Bars, and Apparatus for Parallel Running. —  
General Arrangement of Controlling Apparatus for High Tension Systems. —  General 
Arrangement of Controlling Apparatus for Low Tension Systems.—Examples of Complete 
Installations. —Long Distance Transmission Schemes.

“Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject.”—Power.

Eig h t e e n t h  Ed it io n . Leather, Pocket Size. 8s. 6d.

A POCKET-BOOK
OF

ELECTRICAL BULES & TABLES
FOR THE USE OF ELECTRICIANS AND ENGINEERS.

By  JOHN MUNRO, C.E., & Pr o f . JAMIESON, M.In s t .C.E., F.R.S.E.

GENERAL CONTENT S.
Units of Measurement. —  Measures. —  Testing. —  Conductors. —  Dielectrics. —  Submarine

Cables. —Telegraphy.—Electro-Chemistry. —Electro-Metallurgy.—Batteries.—Dynamos and 
Motors.—Transformers.—Electric Lighting.—Miscellaneous. —Logarithms. —Appendices.

“ Wo n d b r f u l l y  Pb r f b c t . . . . Worthy of the highest commendauon we can 
give it.”—Elecirician.
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In Large 8vo. Profusely  Illustrated. 8s. 6d. net.

W IRELESS TELEG RAPH Y ,
B y G USTAV E EICH H ORN , Pa.D .

Co n t e n t s .  — O scillations.  — Closed O scillation System s. — O pen O scillation  
System s. — Coupled  System s.— The Coupling Com pensating  the A erial W ire. —  
The  Receiver.— Com parative M easurem ent in  the  Sender.  — Theoretical Results  
and Calculations in respect of Sender and Receiver.— Closely-Coupled Sender 
and Receiver.  — Loose-Coupled Sender and Receiver. — Principal Form ulæ.  —  
The O ndam eter.— W orking  a W ireless Telegraph Station.— M odern A pparatus 
and M ethods of W orking.— Conclusion.  — Bibliography.  — In d e x .

“W ell w ritten . . . and com bines w ith a good deal of description a careful 
investigation  of the fundam ental theoretical phenom ena.”— Nature.

Large 8vo, H andsom e Cloth, w ith 334 Pages and 307 Illustrations.

16s. net.

ELECTRICITY M ETERS,
B y  H EN RY G . SOLO M O N, A .M .Inst.E .E.

C o n t e n t s . —  Introductory.  —  G eneral Principles of Continuons  - Current 
M eters.  — Continuous-Current Q uantity M eters.— Continuous-Energy M otor 
M eters.— D ifferent Types.— Special Purposes, i.e., Battery  M eters, Switchboard  
M eters, Tram car M eters.— G eneral Principles  of Single- and Polyphasé Induc­
tion M eters.—  Single-phase Induction M eters.— Polyphasé M eters.—  Tariff 
System s.— Prepaym ent M eters.— Tarift' and H our M eters.— Som e M echanical 
Features in  M eter D esign.— Testing  M eters.— In d e x .

“  A n  earnest and  successful attem pt to  deal com prehensively w ith m odern m ethods of 
m easuring  current or pow er in  electrica! installations.”—  Engineering.

^ Trustw orthy inform ation. . . . W e can  confldently recom mend  the book to every  
eleotrical engineer.” — Electricity.

Se c o n d  Ed i t io n , Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d.

G BIFFIN ’S ELECTRICA L PRICE-BOO K: For Electrical, Civil, 

M arine, and Borough Engineers, Local A uthorities, A rchitects, Railway  

Contractors, & c., & c. Edited by H . J. D o w s in g .

“  The E l e c t r ic a l  P r ic k -B o o k  r e m o v b s  a l l  m y s t b r y  about the cost of Electrical 
Pow er. By  its aid  the b x p b n s b  that w ill be entailed by utilising electricity on a large or 
small scale can be discovered.**— A rckilect.

ELECTRIC SM ELTIN G A N D REFIN IN G. By D r. W . B o r c h e r s  
and W . G . M c M i l l a n . Se c o n d  Ed i t io n , Revised and Enlarged. 

21s. net. [See page 67.

ELECTRO  - M ETA LLU RG Y , A ITreatise on. By W a l t e r  G . 

M c M i l l a n , F.I.C., F.C.S. Se c o n d Ed i t io n , Revised and in  

Part Re-W ritten. 10s. 6d. [See page 67.

ELECTRICAL PRACTICE IN CO LLIERIES. By D . B u r n s , M .E., 

M .Inst.M .E. Se c o n d  E d i t io n , Revised and greatly Enlarged. 
7s. 6d. net. [See page 56.
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B y PR O FESSO R S J. H . PO Y N TIN G & J. J. T H O M SO N .

In Five V olum es. L arge 8vo. Sold Separately .

A TEXT-BOOK OF PHYSICS.
BY

J. H . PO Y N T IN G , J. J. T H O M SO N ,
SC.D., F.R.S., AND M.A., P.R.8.,

L ato  Fellow  of T rin ity  C ollege, C am bridge; Fellow  of T rin ity  C ollege, C am bridge; Prof.
Professor of Physies, B irm ingham  of  E xperim ental Physics  in  the  U niversity

U niversity . o f C am bridge.

In t k o d u c t o r y  V o l u m e . F o u k t h  E d i t i o n , R evised. Fully Illustrated .

10s. 6d.

PROPERTIES OF MATTER.
C o n t e n t s . —  G ravitation . —  T he A cceleration of G ravity . —  E lasticity . —  Stresses and  

Strains.— T orsion .— B ending of R ods.— Spiral Springs.—  C ollision .—  C om pressib ility of 
L iquida.-— Pressures and V olum es of G ases.— T herm al E ffects A ccom panying Strain .—  
C apillari ty .— Surface T ension .— L aplace ’s T heory  of C apillarity .— D iffusion of L iquids —  
D iffusion  of G ases.— V iscosity  of L iquids.— In d e x .

“^ u^enls  °f  physics canno t fail to  derive benefit from  the  book.”— Knowledge.
“W e  regard  this boo k  as quite  ind ispensable not m erely  to teachers but to physicists of every  

rade  above  the  low est.”  —  University Correspondent.

V o l u m e  II. F o u r t h  E d i t i o n . Fully Illustrated . Price 8s. 6d

SOUND.
C o n t e n t s .— T he  N ature  of Sound  and  its chief  C haracteristics.— T he /elocity  of Sound  

In A ir and other M edia.  — R eflection and R éfraction of Sound.— Frequency  and Pitch of 
N otes.— R esonance and Forced O scillations.  — A nalysis of V ibrations.  — T he T ransverse  
V ibrations of Stretched Strings or W ires.—  Pipes and other A ir C avities.— R ods.— Plates. 
— M em branes.— V ibrations m aintained by H eat.— Sensitive Flam es and Jets.— M usical 
Sand.— T he  Superposition  of W aves.—  In d e x .

“  T he  w ork . . . m ay  be  recom m ended to anyone desirous of possessing  an e a s y  
ü p - t o -d a t e  S t a n d a r d  T r e a t i s e  on  A coustics.”— Literature.

“  V ery clearly w ritten . . . . T he nam es of the authors are a guarantee of the  
SO IE N T IFIO  a c c u r a c y  and  U P-T O  d a t e  C H A R A C T E K  of  the w ork .”— Educational Times.

V o l u m e  III. S e c o n d  E d i t i o n , R evised . Fully  Illustrated . Price 15s.

HEAT.
C o n t e n t s . —  T em perature. — E xpansion of Solids. — L iquids. — G ases.—  C irculation  

and C onvection .— Q uantity of H eat; Specific H eat.— C onductiv ity .— Form s of E nergy; 
C onservation  ; M echanical E quivalen t of H eat.— T he  K inetic  T heory .— C hange  of State; 
L iquid V apour.  —  C ritical Poin ts. —  Solids and L iquids. —  A tm ospheric C onditions.  —  
R adiation .— T heory  of E xchanges.  — R adiation and T em perature.  — T herm odynam ics.—  
Iso therm al and A diabatic C hanges.— T herm odynam ics of C hanges of State , and Solu ­
tions.— T herm odynam ics  of  R adiation .— In d e x .

11“  W ell üp-to-date, and extrem ely clear and exact th roughout. ... A s clear as  
it w ould  be  possib le to  m ake such  a  tex t-book .”— Nature.

R em ain ing V olum es in Préparation—

L IG H T; M A G N ET ISA I A N D  E LE C TR IC IT Y .

T H E M E A N D E N SITY O F T H E E A R T H  : A n E ssay to w hich the  
A dam s Prize w as adjudged in 1893 in the U niversity of C am bridge. B y J. H . 
PO Y N T IN G , Sc.D ., F .R .S ., L ate Fellow  of T rin ity C ollege, C am bridge; Professor of 
Physics, B irm ingham  U niversity . In  L arge 8vo, w ith B ibliography, Illustrations in  
the  T ext, and  Seven  L ithographed  Plates. 12s. 6d.

“C annot fail to  be  of G R EA T  and g e n e r a l  i n t e r e s t .”— J thenceum.
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Demy Svo, Handsome cloth, 34s. 

Stratigraphical Geology & Palæontolog,
OH THE BASIS OF PHILLIPS.

By  ROBERT ETHERIDGE, F. R. S.,
OF THH NATURAL HIST. DEPARTMENT, BRITISH MUSEUM, LATE PALÆONTOLOGIST TO THB 

GEOLOGICAL SURVEY OF GREAT BRITAIN, PAST PRESIDENT OF THE 
GEOLOGICAL SOCIETY, ETC.

Wirb /ßap, mumetouø Cables, anb Ubirtg=st£ plates.
“ No such compendium of geological knowledge has ever been brought together before.”— 

Westminster Review.

“ ^PROF- Sk e l e y ’s  volume was remarkable for its originality and the breadth of its views, 
Et h e r id g e  fully justifies the assertion made in his preface that his book differs in con­

struction and detail from any known manual. . . . Must take h ig h  r a n k  a m o n g  w o r k s  
OF REFERENCE. —AtAenæum.

AIDS IN

PRACTICAL GEOLOCYï
WITH A SECTION ON PALÆONTOLOGY.

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S.
Fif t h  Ed it io n , Thoroughly Revised. With Frontispiece and 

Illustrations. Cloth. tos. 6d.

GENERAL CONTENTS.—
PART I.— Sa m pl in g  o f  t h e  Ea r t h ’s Cr u s t ,
PART II.—Ex a m in a t io n  o f  Min e r a l s .
PART III.—Ex a m in a t io n  o f  Ro c k s .
PART IV.—Ex a m in a t io n  o f  Fo s s il s .

“De s e r v in g  o f  t h e  h ig h e s t  f r a is e . Here indeed are ‘Aids’ in n u m e r a b l e  and 
in v a l u a b l e . All the directions are given with the utmost clearaess and précision.”_  
Athenæum.

“ That the work deserves its title, that it is full of ‘Aid s ,’ and in the highest degree
* pr a c t ic a l , ’ will be the verdict of all who use it. ”  —Nature.

OPEN-AIR STUIIIES IN GEOLOGY:
An Introduction to Geology Out-of-doors.

Bv PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S.

For details, see Griffin’s Introductory Science Series, p. 85.

Crown 8vo. Handsome Cloth. 2s. 6d.

RESEARCHES ON THE PAST AND PRESENT HISTORY
OF

THE EARTH’S ATMOSPHERE.
Inciuding the latest Discoueries and their Practical Applications.

By  DR. THOMAS LAMB PHIPSON.

Pa r t  I.—The Earth’s Atmosphere in Remote Geological Periods.
Pa r t  II.—-The Atmosphere of our present period. Appendices ; Index.

“ The book should prove of interest to general renders, as well as to meteorologists and 
other students of science.”—Nature.
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GRIFFIN’S “NEW LAND" SERIES.

Practical Hand-Books for the Use of Prospectors, Explorers, 
Bettlers, Colonists, and all Interested in Ilte opening 

up and Development of New Lands.

Ed it e d  b y  GRENVILLE A. J. COLE, M.R.I.A., E.G.S., 
Professor of Geology in the Koyal College of Science for Ireland, and Examiner in 

the University of London.

In Crown Svo. Handsome Cloth. 5s.
With Numerous Naps Specially Drawn and Executed for this Work.

NEW LANDS:
THEIR RESOURCES AND PROSPECTIVE 

ADVANTAGES.

By  HUGH ROBERT MILL, D.Sc., LL.D., F.R.S.E.,
“A want admirably supplied. . . . Has the advantage of being written by a pro- 

fessed Geographer."—Geographical Journal.

With many Engravings and Photographe. Handsome Cloth, 4s. 6d.

By ROBERT BRUOE, 
Agricultural Superintendent to the Royal Dublin Society.

With Appendix on Preserved Foods by C. A. Mit c h e l l , B.A., F.I.C.

“ The work is one which will appeal to tliose intending to become farmers at home 
or in the Colonies, and who desire to obtain a general idea of the true principles of 
farming in a l l  ITS b r a n c h e s .”—Journal of the Royal Colonial Inst.

Fo ü r t ii Ed it io n , Revised. With Illustrations. Handsome Cloth, 5s.

PROSPECTING FOR MINERALS.
A Praotical Handbook for Prospectors, Explorers, Settiers, and all 

interested in the Opening up and Development of New Lands.

By  S. HERBERT COX, Assoc.R.S.M., M.Inst.M.M., F.G.S.,
Professor of Mining at the Royal School of Mines.

Ge n e r a l  Co n t e n t s .—Introduction and Hints on Geology—The Determina­
tion of Minerals : Use of the Blow-pipe, &c.—Rock-forming Minerals and Non- 
Metallic Minerals of Commercial Value: Rock Salt, Borax, Marbles, Litho­
graphie Stone, Quartz and Opal, &c., &c.—Precious Stones and Gems—Stratified 
Deposits: Coal and Ores— Mineral Veins and Lodes—Irregulär Deposits— 
Dynamics of Lodes: Faults, &c.—Alluvial Deposits—Noble Metals : Gold, 
Platinum, Silver, to. —Lead—Mercury—Copper—Tin—Zinc—Iron—Nickel, 
&c.—Sulphur, Antimony, Arsenic, &c.—Combustible Minerals—Petroleum- 
General Hints on Prospecting—Glossary—Index.

“ This ADMIRABLE LITTLE WORK . . . written With SOIENTIFIO ACOURAOY In a 
CLEAR and LÜOID style. ... An IMPORTANT a d d it io n  to technical llterature . . . 
—Mining Journal.
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W O BKS BT

SIR CLEM ENT LE N EV E FO STER, D .Sc., F.R .S.

S i x t h  Ed i t io n . W ith Frontispiece and 716 Illustrations. Price 34s.

ORE & STONE MINING.
B y  S i r  C. LE N EV E FO STER, D .Sc., F.R .S.,

DATE PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE.

R e V ISED , A ND BROUGHT U P-TO-DA TE

B y  BEN N ETT H . BRO U G H , F.G .S., A ssoc.R .S.M .

GENERAL CONTENTS.

IN TRO DU CTIO N. M ode  of  O ccurrence  of  M inerals.— Prospeeting.— Boring.
— Breaking G round.— Supporting Excavations. — Exploitation.— H aulage or 
Transport.— H oisting or W inding. —  D rainage.—  V entilation. —  Lighting.-  
D eseent and  A scent.— D ressing— Principles  of  Em ploym ent of  M ining  Labour. 
—  Législation affeeting M ines and Q uarries. —  Condition of the M iner.—  
A ccidents.  — Index.

“  W e have seldom  had the pleasure to review  a w ork so thorough and com plété as 
the present one. Both in m anner and in m atter it is FA R SU PERIO R TO A N Y TH IN G O N  
ITS SPECIAL SU BJECT H ITH ERTO PU BLISH ED IN EN G LA N D .”— Athenæum.

“  N ot only  is this w ork the acknow ledged text-book  on  m etal m ining  in G reat Britain  
and  the  Colonies, but that it is so regarded in the U nited  States of A m erica is evidenced  
by  the faet that it is the book on  that subject recom m ended to  the students in m ost of 
the m ining  schools of  that country.”— The, Times.

In Crown 8vo. H andsom e Cloth. W ith nearly 300 Illustrations, inany of 
them  being  full page  reproductions of view s  of  great interest. Price  7s. 6d. net.

THE ELEMENTS OF MINING AND QUARRYING.
An Introductory Text-Book for Mining Students.

B y  S i r  C. LE N EV E FO STER, D .Sc., F.R.S., 
Professor of M ining  at the  Royal College  of Science, London, w ith  w hich  is Incorporated  

the Royal School of M ines; lately one of H .M . Inspectors of M ines.

G e n e r a l  C o n t e n t s . —  In t r o d u c t io n . —  O ccurrence of M inerals. —  Pro- 
specting.— Boring.  — Breaking G round.  — Supporting Excavations.  — Exploita­
tion.— H aulage or Transport.  — H oisting  or W inding.  — D rainage.— V entilation. 
— Lighting.  — D escent and  A scent.— D ressing, & c.— In d e x .

“  A  rem arkably  clear survey  of the w hole fleld of m ining  operations.”— Engineer.
“  Rarely  does it fall to  the  lot of a review er to  have to  accord  such  unqualified  praise as 

this book  deserves. . . . The profession generally  liave every  reason  to  be  grateful to  
Sir C. Le N eve K oster for having enriched educational literature w ith so adm irable  an  
elem entary  Text-book.”— Mining Journal.

In Large Crown 8vo. Fully Illustrated. 6s. net.

THE INVESTIGATION OF MINE AIR:
An Account by Seueral Authors of the Nature, Significance, and Practical 

Methods of Measurement of the Impurities met with in the 

Air of Collieries and Metalliferous Mines.
EDITED BY

SIR CLEM EN T LE N EV E FO STER, D .Sc., F.R .S.,

A n d  J. S. H A LD A N E, M .D ., F.R .S.

“W e know of nothing essential that has been om itted. The book is liberally supplied  
w ith illustrations of apparatus.”— Colliery Guardian.
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WORKS ON COAL-MINING.

Fi f t h  Ed it io n , Revised and Greatly Enlarged. With 4 Plates and 
670 Illustrations. Price 24s. net.

A TEXT-BOOK OF COAL-MINING:
FOR THE USE 0F COLLIERY MANAGERS AND 0THER8 

ENGAGED IN COAL-MINING.

By HERBERT WILLIAM HUGHES, F.G.S.,
Assoc. Royal School of Mines, General Manager of Sandwell Park Colliery.

Ge n e r a l  Co n t e n t s . —  Geology.—  Search for Coal. —  Breaking Ground.  —  
Sinking. —  Preliminary Operations. —  Methods of Working. —  Haulage. —  
Winding. —  Pumping. —Ventilation.—Lighting.—Works at Surface. —  Pré­
paration of Coal for Market. —In d e x .

“Quite t u e  Be s t  b o o k  of its kind ... as pr a c t ic a l  in aim as a book can be . . . The 
illustrations are e x c e l l e n t .”— jAtÄencewwi.

“  We cordially recommend the work."—Colliery Guardian.
“ Will oon conie to be regarded as the s t a n d a r d  w o r k  of its kind." -Birminyhant Daily Gazette.

Fo u r t h  Ed it io n , Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. Large Crown 8vo. Handsome Cloth. 12s. 6d

PRACTICAL COAL-MINING:
A MANUAL FOR MANAGERS, UNDER-MANAGERS, 

COLLIERY ENGINEERS, AND OTHERS.

With Worked-out Problems on Haulage, Pumping, Ventilation, &c.

By GEORGE L. KERR, M.E., M.In s t .M.E.

Co n t e n t s . —The Sources and Nature of Coal. —The Search for Coal. —  
Sinking.—Explosives.—Mechanical Wedges. —Rock Drills and Coal-cutting 
Machines.—Coal-cutting by Machinery.—Transmission of Power. —Modes of 
Working.—Timbering Roadways.—Winding Coal. —Haulage. —Pumping.—  
Ventilation.—Safety Lamps.—Surface Arrangements, Surveying, Levelling, 
&c.

“An b s s b n t ia l l y  PRACTICAL WORK, and can be confldently recommended. No department 
of Coal-Mming has been overlooked.”—Engineers' Gazeta.

In Crown 8vo. Handsome Cloth. With 200 Illustrations. 3s. 6d.

ELEMENTARY COAL-MINING:
FOR THE USE OR STUDENTS, MINERS, AND OTHERS  

PREPARING FOR EXAMINATIONS.

By  GEORGE L. KERR, M.E., M.In s t .M.E.

Co n t e n t s .—Sources and Nature of Coal.—Exploration and Boring for 
Coal.—Breaking Ground.—Explosives, Blasting, &c.—Sinking and Fitting 
of Shafts.—  Modes of Working. —  Timbering Roadways.—Winding and 
Drawing.—Haulage. —Pumping and Drainage. —Ventilation.—Cleaning and 
Sorting Coal. —Surveying, &c.

“An abundance of information conveyed in a populär and attractive form. . . . Will be 
of great use-to all who are in any way interested in coal mining."—Scottish Critic.

LONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER STREET. STRAM?
3



56 CHARLES GRIFFIN & CO.'S PUBLICA TIONS.

Tw e l f t h  Ed i t io n , Revised. W ith Numerous Diagrams. 

Cloth, 7s. 6d.

A TREATISE ON MINE-SURVEYING:
For the use of Managers of Mines and Collieries, Students 

at the Royal School of Mines, &e.

BY BENNETT H. BROUGH, F.G.S., Assoc.R.S.M., 
Formerly Instructor of M ine-Surveying, Royal School of M ines.

Co n t e n t s . —  General Explanations. —  M easurement of Distances. —  M iners 

Dial.  —  Variation of the M agnetic Needle.— Surveying with the M agnetic Needle  

in the Presence of Iron.  — Surveying with the Fixed Needle. —  The German Dial. —  

The Theodolite.  — Traversing Underground. — Surface Surveys with the Theodo­

lite.— Plotting the Survey.  — Calculation of Areas. — Levelling. — Connection of the 

Underground and Surface  Surveys. — M easuring  Distances by  Telescope.— Setting­

out.—  M ine-Surveying Problems. —  M ine Plans.— Application of the M agnetic 

Needle in M ining. — Photographie Surveys. — Ap p e n d ic e s . — In d e x .

“Its CLEARNESS  of  STYLE, LUCIDITY  of DESCRIPTION, and FULNESS  of DETAIL  have long ago won  
for it a  place unique in the literature of this branch of mining engineering, and the present edition fully  
maintains the high standard of its  predecessors. To the student, and to the mining engineer alike, ITS 
VALUE is inestimable. The illustrations are excellent.” —  The Mining Journal.

Crown 8vo. Handsome Cloth. Illustrated. 6s.

MINING GEOLOGY.
A TEXT-BOOK FOR M INING STUDENTS AND M INERS.

By  PROF. JAM ES PARK, F.G.S., M .Inst.M .M .,

fessor of M ining and Director of the Otago University  School of M ines ; late Director 
Thames School of M ines, and Geological Surveyor and  M ining  Geologist to the 

Government or New Zealand

Ge n e r a l  Co n t e n t s .— Introduction.— Classification of M ineral Deposits.— Ore Veins, 
their Filling, Age, and Structure.— The Dynamics of Lodes and Beds. -Ore Deposits 
Genetically  Considered— Ores and M inerals Considered Economically.— M ine Sampling  
and Ore Valuation.— The Examination and  Valuation  of M ines.— In d e x .

“  A work which should find a place in the library of every mining engineer.”  —  
Mining World.

Se c o n d  Ed i t io n , In Crown Svo. Handsome Cloth. With 30 New 

Illustrations. 1s. Gd net.

ELECTRICÄL PRACTICE IN COLLIERIES.
B y  D. BURNS, M .E., M .In s t .M .E.,

Certificated Colliery  M anager, and Lecturer on M ining  and Geology to  the Glasgow  and W est of 
Scotland Technical College.

Units of M easurement, Conductors, &c.  — The Theory of the Dynamo. — The  

Dynamo, Details of Construction and  W orking.  — M otors. — Lighting Installa­

tions in Collieries. —  Pumping by Electricity. —  Electrical Haulage. —  Coal 

Cutting. —  M iscellaneous Applications of Electricity in M ines. —  Coal M ines 

Regulation Act (Electricity). —In d e x .

“A clear and concise introduction to electrical practice in collieries.”— Mining 
Journal.
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WORKS FOR MINERS AND STUDENTS.

In Crown 8vo, Handsome Cloth. 8s. 6d. net.

LAW OF THE BRITISH EMPIRE.

By  CHARLES J. ALFORD, F.G.S., M.Inst.M.M.

Co n t e n t s .—The Principles of Mining Law.—The Mining Law of Great 
Britain.—British India.—Ceylon.—Burma.—The Malay Peninsula.—British 
North Borneo.— Egypt. — Cyprus. — The Dominion of Canada. — British 
Guiana.—  The Gold Coast Colony and Ashanti. —Cape of Good Hope.— 
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. ■— The 
Commonwealth of Australia. —New Zealand, &c.—In d e x .

‘Should be specially useful to all those engaged in the direction of mining enter- 
prises.”—Financial Times.

“Cannot fail to be useful . . . we cordially recommend the book.”—Mining World

In Large Svo. Fo u b t h  Ed it io n . Price 10s. 6d.

Mine Accounts and Mining Book-Keeping.
For Students, Managers, Seeretaries, and others.

With Examples iahen from Actual Practice of Leading Companies.

By  JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., F.G.S.,
Head of the Mining Department, Camborne School of Mines.

Ed it e d  b y  Sir  C. LE NEVE FOSTER, D.So., F.R.S.

Co n t e n t s . —Introduction.—Pa b t  I. En g a g e m e n t  a n d  Pa y m e n t  or Wo b k - 
MEN.— Engagement of Workmen and Period between Pay Days. — Data 
determining Gross Amount due to Men.—Deductions. —Pay Sheets, Due Bills. 
—Pay Tickets. Pa r t  II. Pu r c h a s e s  a n d  Sa l k s .—Purchase and Distribution 
of Stores.—Sales of Product. Pa r t  III. Wo r k in g  Su m m a k ie s  a n d  An a l y s e s . 
—  Summaries of Minerals Raised, Dressed, and Sold, and of Labour.—Analyses 
of Costs. —Accounts forwarded to Head Office. Pa b t  IV. Le d g e r , Ba l a n c e - 
Sh e e t , a n d  Co m pa n y  Bo o k s .—Head Office Books.—Redemption of Capital. 
—General Considerations and Companies Books. Pa b t  V. Re po r t s a n d  
St a t is t ic s . —Reports of Workings and Machinery of Mining Companies.— 
Mining Statistics.—Bib l io g b a ph y . —In d e x .

“It seems im po s s ib l e to suggest how Mr. La w s ’s  book could be made more COMPLETE or 
more v a l u a b l e , careful, and exhaustive.” —Accountants' Magazine.

Se c o n d  Ed it io n . In Pocket Size, Strongly Bound in Leather, 3s. 6d. 
Provided with Detachable Blank Pages for MS.

THE MINING ENGINEERS’ REPORT BOOK
AND DIRECTORS’ AND SHAREHOLDERS' GUIDE TO MINING REPORTS.

By  EDWIN R. FIELD, M.In s t .M.M.

With Notes on the Valuation of Property, and Tabuiating Reports, 
Useful Tables, and Examples of Calculations, &c.

“An a d m ik a b l y  compiled book which Mining Engineers and Managers will find 
EXTREMELY U8EFÜL.”—Mining Journal.
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WORKS ON SINZING, EXPLOSIVES, &c.

In Medium 8vo, Handsome Cloth. With 18 Figures in the Text, 
and 19 Folding Plates. 10s. 6d. net.

SHAFT-SINKING
IN DIFFICULT CASES.

By J. RIEMER, 

Tr ANSLATED FROM THE GERMAN 

J. W. BROUGH, A.M.In s t .C.E.

Co n t e n t s . —Shaft Sinking by Hand. —Shaft Sinking by Boring. —The
Freezing Method. —The Sinking Drum Process. —  Bib l io g r a ph y . —In d e x .

Se c o n d  Ed it io n , Revised. In Large 8vo, with Humerons Illustrations 
and Folding Plates. 10s. 6d.

BLASTING:
AND THE USE OF EXPLOSIVES.

By  OSCAR GUTTMANN, M.In s t .O.E., F.I.C., F.O.S.

Co n t e n t s . —  Historical Sketch. —  Blasting Materials. —  Qualities and 
Handling of Explosives. —The Choice of Blasting Materials. —Préparation 
of Blasts.—Chamber Mines.—Charging of Boreholes.—Determination of 
Charge. —Blasting in Boreholes. —Firing. —Results of Working. —Various 
Blasting Operations. —In d e x .

“ Should prove a vade-Mecum to Mining Engineers and all engaged in practical work. ’ 
—Iran and Coal Trådes Review.

In Medium 8vo, Cloth. With many Illustrations in the Text. 
Four Full Page Plates and Four Folding Tables. 6s. net.

NEW METHODS OF

TESTING EXPLOSIVES.
By 0. E. BICHEL.

Tb ANSLATED FBOM THE Ge RMAN AND Ed ITED

By AXEL LARSEN, M.In s t .C.E.

Co n t e n t s . —  Introductory. —  Historical. —  Testing Stations. —  Power
Gauges. —  Products of Combustion. —  Rate of Detonation. —  Length and 
Duration of Flame. —After-Flame Ratio.—Transmission of Explosion. —  
Conclusions. —Efficiency.

“Its pages bristle with suggestions and actual experimental results to an extent 
seldom found in a volume of five times its size.”—Arms and Explosives.

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND.
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Se c o n d  Ed it io n , Revised Throughout. In Medium Svo. With 

Numerous Plates, Maps, and Illustrations. 21s. net.

CYANIDING GOLD & SILVER ORES.
A Practical Treatise on the Cyanide Process ; its Application, 

Methods of Working, Design and Construction of 
Plant, and Costs.

By H. FORBES JULIAN,
Mining and Metallurgie»! Engineer; Specialist in Gold ; Late Technical Adviser of the 

Deutsche Gold und Silber Scheide Anstalt, Frankfort-on-Maine.

An d  EDGAR SMART, A.M.I.O.E.,
Civil and Metallurgical Engineer.

“ A handsome volume of 400 pages which will be a valuable book of reference for all 
associated with the process.”—Mining Journal.

“The authors are to be congratulated upon the production of what should prove to be 
a standard work.”—Page’s Magazine.

In Large Crown Svo. With 13 Plates and many Illustrations in the Text, 

Handsome Cloth. 1s. 6d. net.

THE CYANIDE PROCESS 0F GOLD EXTRACTION.
A Text-Book for the Use of Metallurgists and Students at 

Schools of Mines, &c.

By JAMES PARK, F.G.S., M.In s t .M.M.,
Professor of Mining and Director of the Otago University School of Mines ; late Director 

Thames School of Mines, and Geological Surveyor and Mining Geologist 
to the Government of New Zealand.

Fo u r t h  En g l is h  Ed it io n . Thoroughly Revised and Greatly Enlarged. 

With additional details concerning the Siemens-Halske and other 

recent processes.
“ Deserves to  be ranked as amongst the b e s t  o f  e x is t in g  t r e a t is e s .”—Mining Journal.

Th ir d  Ed it io n , Revised. With Plates and Illustrations. Cloth, 3s. Qd.

G E TT I NG GOLDs
A GOLD-MINING HANDBOOK FOR PRACTICAL MEN.

By  J. O. F. JOHNSON, F.G.S, A.I.M.E., 
Life Member Australasian Mine-Managers’ Association.

Ge n e r a l  Co n t e n t s . —Introductory : Prospecting (Alluvial and General)  —  

Lode or Reef Prospecting—Genesiology of Gold—Auriferous Lodes—Drifts—  
Gold Extraction—Lixiviation—Calcination—Motor Power and its Transmission 

—Company Formation —  Mining Appliances and Methods —  Australasian 
Mining Régulations.

“Pr a c t ic a l  from beginning to end . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of gold.”—Brit. Australasian.

In Crown Svo. Illustrated. Pancy Cloth Boards. 4s. 6d.

GOLD SEEKING IN SOUTH AFRICA:
A Handbook of Hints for intending Explorers, Prospeetors. 

and Settiers.
By THEO KASSNER,

Mine Manager, Author of the Geological Sketch Map of the De Kaap Gold Fields.

With a Chapter on the Agricultural Prospects of South Africa.
As fascinating as anything ever penned by Jules Nerne.”—African Commerce.
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Large 8vo. Handsome Cloth. W ith Illustrations.
12s. 6d. net.

METALLURGICAL ANALYSIS & ASSAYINC:
A THREE YEARS’ COURSE

FOR STUDENTS OF SCHOOLS OF IVIINES.

B y  W . A. M ACLEOD, B.A., B.Sc., A.O.S.M . (N.Z.),

Formerly Assist.-Director, Thames School of M ines IN.Z.), and  Lecturer in Chemistry, University  
of Tasmania; Director of Queensland Government School of M ines, Charters Towers ;

A n d  CHAS. W ALKER, E.C.S.,
Formerly Assist.-Demonstrator in Chemistry, Sydney University  ; Lecturer in Chemistry  

and M etallurgy, Charters Towers School of M ines

Pa r t  I.— Qualitative Analysis and Preparation and Properties of Gases.
Pa r t  II.— Qualitative  and Quantitative Analysis. Pa r t  III.— Assaying, 

Technical Analysis (Gas, W ater, Fuels, Oils, &c.).

“The publication of this volume tends to prove that the teaching of metallurgical 
analysis and assaying in Australia rests in competent hånds."— Sature.

In Crown 8vo, Beautifully Illustrated with nearly 100 
M icrophotographs of Steel, &c. 7s. 6d. net.

MICROSCOPIC ANALYSIS OF METALS.
By  FLORIS OSM OND & J. E. STEAD, F.R.S., F.I.C.

Co n t e n t s .  — M etallography considered as a method of Assay. —  M icro­
graphie Analysis of Carbon Steels. — Preparation of Specimens.— Polishing. 
— Constituents of Steel; Ferrite; Cementite; Pearlite; Sorbite; M artensite; 
Hardenite; Troostite  ; Austenite.  — Identification of Constituents.— Detailed 
Examination of Carbon Steels.— Conclusions, Theoretieal and Practical. —  
Apparatus employed.— A p p e n d ix .

“  There has been  no work  previously  published in English  calculated  to  be so liseful to  
the student in metallographic research."— Iron and Steel Trådes’ Journal.

Th i r d  Ed i t io n . W ith  Folding Plates and M any  Illustrations. 36s.

ELEMENTS OE

METALLURGY.
A PRACTICAL TREATISE ON THE ART 0F EXTRACTING METALS 

FROM THEIR 0RE8.

By  J. ARTHUR  PHILLIPS, M .In s t .O .E., F.C.S., F.G.S., &c.

A n d  H. BAUERM AN, V.P.G.S.

G e n e r a l  Co n t e n t s . —  Refractory M aterials. —  Fire-Clays. —  Fuels, &c.—  
Aluminium. —  Copper. — Tin. —  Antimony. —  Arsenic. —  Zinc. —  M ercury.—  
Bismuth. — Lead. — Iron.— Cobalt.  — Nickel.— Silver.— Gold.— Platinum.

“  Of the Th ik d  Ed i t io n , we are still able to say that, as a Text-book of 
M etallurgy, it is t h e  b e s t  with which we are acquainted.”— Engineer.

“  A  work  which is equally  valuable to the Student as a Text-book, and  to the 
practical Smelter as a Standard  W ork of Reference. . . . The Illustrations 
are admirable examples of W ood  Engraving.”— Chemical News.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANG



METALLURGICAL WORKS.aZYXWVUTSRQPONMLKJIHGFEDCBA61

Se c o n d  E d i t io n , Revised, Enlarged, and Re-set Throughout on Larger Page. 

Wilh Valuable Bibliography, New Klaps, Illustrations, &c. 45s. net.

III TWO VOLUMES.

A TREATISE ON

B y SIR BOV ERTON REDW OO D,  
D .Sc., F.R.S.E ., A s s o c .In s t .C .E ., F.I.C .

C o n t e n t s .— Se c t io n  I.: H istorical A ccount of the  Petroleum  Industry.— Se c t io n  IL  : 
G eological and  G eographica! D istribution  of Petroleum  and N atural G as.— SECTIO N  111.. 
The Chem ical and Physical Properties of Petroleum and N atural G as. SECTION IV .. 
The O rigin of Petroleum  and N atural G as.— Se c t io n  V .: The Production  of Petroleum, 
N atural G as, and O zokerite.  — Se c t io n  V I.: The Reflning of Petroleum .  —  Se c t io n  vil.. 
The Shale O il and A llied Industries.— Se c t io n  V III.: The Transport, Storage, and  D is­
tribution  of Petroleum .— SECTIO N  IX . : The Testing  of Crude  Petroleum Petroleum and  
Shale O il Products, O zokerite, and A sphalt.— Se c t io n  X . : The U ses of Petroleum  and  
its Products.— Se c t io n  X I. : Statutory, M unicipal, and other Régulations relating to  
the Testing, Storage, Transport, and U se of Petroleum  and  its Products.— A p p e n d ic e s .
— B ib l io g r a p h y .— In d e x . , x x

“It is indisputably the m ost com prehensive and com plété treatise on petroleum , and 8 
statem ent is true, no m atter on w hat branch of the industry  a ft» '>JÄ 'Ä "iid  
the  only book in existence w hich gives the  oil m an a clear and  reh^6 .0^^®  ^J^lje^  m innlete 
present-day condition of the entire petroleum  w orld. . . . There is a w onderfully com plète 
collection of  plates and  illustrations. —Petroleum World.

Se c o n d  E d i t io n , Revised. Wilh Illustrations. Price 8s. 6d. net.

A HANDBOOK ON PETROLEUM.
FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

A nd  for  those  engaged  in  the  Storage, Transport, D istribution, and  Industrial 
U se of Petroleum  and its Products, and of Calcium  Carbide. W ith  

suggestions on the Construction and  U se of  M ineral 011 Lam ps.
B y  CAPTAIN J. H . TH OM SON ,

H .M . Chief Inspecter of Explosives,
A n d  SIR BOV ERTO N REDW OO D,

A uthor of “  A Treatise on Petroleum . ’
“A volum e that w ill enrich the w orld ’ spetroleum literature a“^ render j

British brauch of the industry. . . . Reliable, indispensable, a biilliant contribution.
Petroleum. 

In Crow n 8vo. Fully Illustrated. 2s. 6d. net.

THE LABORATORY BOOK 0F MINERAL OIL TESTING.
B y J. A . H ICK S, 

Chemist to Sir Boverton Redw ood.
,•  Should  be  on  the  shelves of  every aualytical chem ist in  practice.’’— Chemical Trade Journal.

In Large Crown 8vo, Cloth. Fully Illustrated 5s. net.

OIL FUEL:
ITS SUPPLY, COMPOSITION, AND APPLICATION.

B y SID NEY H . N O RTH, 
LA TE ED ITO R O F TH E “PETRO LEUM REV IEW .”

Co n t e n t s .— The Sources of Supply.— Econom ie A spect of Liquid Fuel.— Chem ical 
Com nosition of Fuel O ils.— Conditions of Com bustion in O il Fuel Furnaces.— Early  
M ethods and Experim ents.— M odern Burners and M ethods.— O il Fuel for M arine Pur­
poses.— For N aval Purposes.— O n  Locomotives.— For M etallurgical and other Purposes.
— A ppendices. — IN D EX .

“  Everyone interested  in this im portant question  w ill w elcom e M r. N orths excellent 
text-book.”— Nature. ,

THE PETROLEUM LAMP: Its Choiee and  U se. A  G uide  

to the Safe Bm ploym ent of the Paraffin D am p. By C a p t . J. H .

T h o m s o n  and Sir B o v e r t o n  R e d w o o d . Illustrated. Is. net.
“  A  w ork w hich  w ill m eet every  purpose for w hich  it has been w ritten.”-Pdro!  ».
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Griffins Sltiallurgiral Stritt.

STANDARD WORKS 0F REFERENCE
FOR

M etallurgists, M lne-O w ners, A ssayers, M anufaeturers, 

and all interested in the developm ent of 

the M etallurgical Industries.

BDITED BY

Sir W . R O B ER TS-A U STEN , K .C .B ., D .C .L ., F.R .S.

In Large 8vo, Handsome Cloth. With Illustrations.

IN TR O DU C TIO N to the STU D Y of M ETA LLUR GY .  

B y the E d i t o r . F i f t h  Ed i t io n . i8s. (See p. 63.)

G O LD (The M etallurgy of). B y T h o s . K i r k e R o s e ,

D .Sc., A ssoc. R .S.M ., F.C.S., C hem ist and A ssayer of the R oyal 

M int. F i f t h  Ed i t io n . 21s. (See p. 63.)

LEA D A N D SILV ER (The M etallurgy of). B y H . F.

C o l l in s , A ssoc.R .S.M ., M .Inst.M .M . Part I., Lead, 16s ; Part 
II., Silver, 16s. (See p. 64.)

IR ON (The M etallurgy of). B y T. T u r n e r , A .R .S.M ., 

F.I.C ., F.C .S. T h i r d  Ed i t io n , R evised. (See p. 65.)

STEEL (The M etallurgy of). B y F. W . H a r b o r d , 

A ssoc.R .S.M ., F.I.C ., w ith a Section on M echanical Treatm ent by  

J. W . H a l l , A .M .Inst.C .E . T h i r d  E d i t io n . 25s. net. (See  

p. 65.)

Will hg Published at Short Intervals.

M ETALLUR G ICA L M A C HIN ERY  : the A pplication of 

Engineering  to  M etallurgical Problem s. B y  H e n r y  C h a r l e s  Je n k in s , 

W h.Sc., A ssoc.R .S.M ., A ssoc.M .Inst.C .E., of the R oyal C ollege of 

Science. (See p. 64).

C O PPER (The M etallurgy of). B y T h o s . C . C l o u d , A ssoc. 

R .S.M .

A LLO Y S. B y E d w a r d  T. L a w , A ssoc.R .S.M .

*»* O ther V olum es in Préparation.
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F i f t h  E d i t i o n , th o ro u g h ly R ev ised an d co n sid e rab ly  E n la rg ed . L arg e  

8 v o , w ith n u m ero u s I llu s tra tio n s an d  M icro -P h o to g rap h ie  

P la te s o f d iffe ren t v a rie tie s o f S tee l. i8 s .

A n In tro d u ctio n  to th e S tu d y o f

M E T A L L U E G -Y .
B Y

S ir W . R O B E R T S -A U S T E N ,  K .C .B ., D .C .L ., F .R .S ., A .R .S .M .,

L a te C h em is t an d A ssay e r o f th e R o y a l M in t, an d P ro fe sso r o f M eta llu rg y  

in  th e R o y a l C o lleg e  o f S cien ce .

G e n e r a l  C o n t e n t s .— T h e  R ela tio n  o f M eta llu rg y  to  C h em istry .— P h y sica l P ro p e rtie s  
o f M eta ls.— A llo y s . T h e  T h erm a l T rea tm en t o f  M eta ls.— F u e l  an d  T h erm a l M easu rem en ts . 
— M ate ria ls  an d  P ro d u c ts  o f  M eta llu rg ica l P ro cesse s .— F u rn aces .— M ean s o f S u p p ly in g  A ir  
to  F u rnaces .— T h erm o -C h em istry .— T y p ica l M eta llu rg ica l P ro cesse s.— T h e  M icro -S tru c tu re  

o f  M eta ls  an d  A llo y s .— E co n o m ie  C o n sid é ra tio n s .

“  N o E n g lish tex t-b o o k  a t a ll ap p ro ach es th is in th e c o m p l e t e n e s s  w ith  

w h ich  th e m o st m o d ern  v iew s o n  th e su b jec t a re d ea lt w ith . P ro fe sso r A u sten ’s  

v o lu m e  w ill b e i n v a l u a b l e , n o t o n ly to th e s tu d en t, b u t a lso to th o se w h o se  

k n o w led g e  o f  th e  a rt is fa r ad v an ced .” — Chemical News.

F i f t h  E d i t i o n , R ev ised , C o n sid e rab ly  E n la rg ed , an d  in  p a rt R e-w ritten .

W ith  F ro n tisp iece  an d  n u m ero u s  I llu s tra tio n s . 2 1 s .

THE METALLURGY 0F GOLD.
B Y

T . K IR K E  R O S E , D .S c .L o n d ., A sso c .R .S .M .,

Chemist and Assayer of the Royal Mint.

G e n e r a l  C o n t e n t s .— T h e P ro p e rtie s o f G o ld an d its A llo y s .— C h em is try  o f th e  

C o m p o u n d s  o f G o ld .— M o d e o f O ccu rren ce an d D is trib u tio n o f G o ld .— S h allo w  P lace r 

D ep o sits .  — D eep  P lace r D ep o sits .— Q u artz C ru sh in g  in th e S tam p  B atte ry .— A m alg am ­
a tio n  in  th e  S tam p  B atte ry .— O th e r F o rm s o f C ru sh in g  an d  A m alg am a tin g  M ach in e ry . 
— C o n cen tra tio n  in  G o ld  M ills .— D ry  C ru sh in g .  — R e-g rin d in g .— R o astin g .— C h lo rin a tio n  : 

T h e P la ttn e r P ro cess , T h e B arre l P ro cess , T h e V at-S o lu tio n  P ro cess .— T h e C y an id e  
P ro cess .-C h em is try  o f th e C y an id e P ro cess .— R efin in g an d  P artin g  o f G o ld B u llio n . 
— A ssay o f G o ld O res .— A ssay  o f G o ld B u ilio n .— S ta tistic s  o f  G o ld  P ro d u c tion .— B ib lio -  

g rap h y .— I n d e x .

“  A  o o M P B E H E N srv E  p r a c t i c a l  T R E A T IS E  o n  th is  im p o rtan t su b jec t."— The Times.
‘T h e m o s t  c o m p l e t s  d esc rip tio n  o f th e c h l o r i n a t i o n  p r o c e s s  w h ich  h as  y e t b een p u b -  

lish ed .”  —  Mining Journal.
“  A d ap ted  fo r  a ll w h o  a re  in te re s ted  in  th e G o ld  M in in g  In d u s try , b e in g  free fro m  tech -  

n ica litie s as fa r as p o ss ib le , b u t is m o re p a rticu larly  o f v a lu e to th o se en g ag ed  in th e  

in d u s try .' — C ap e  Times.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,



64 OHA RLES GRIFEIN & CO. 'S P UBLICA TIONS.

GRIFFIN’S METALLURGICAL SERIES.

Ed i t e d  b y  SIR W . ROBERTS-AUSTEN, K.C.B., F.R.S., D.C.L.

In Large Svo. Handsome Cloth. Wilh Illustrations.

In Two Volumes, Each Complete in Itself and Sold Separately. 

THE METALLURGY OF LEAD AND SILVER.
B y  H. F. COLLINS, Assoc.R.S.M ., M .In s t .M .M.

Fart I. LEAD:

A Complete and Exhaustive Treatise on the M anufacture of Lead, 
with Sections on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the M aterials involved. Price i6s.

Su m m a r y  OF C0NTENT9.— Sampling and Assaying Lead and Silver.— Properties and  
Compounds of Lead.— Lead Ores.— Lead Smelting.  — Reverberatories.— Lead Smelting in 
Hearths.— The Roasting of Lead Ores.— Blast Furnace Smelting; Principles, Practice, 
and Examples; Products.  — Flue Dust, its Composition, Collection and Treatment.—  
Costs and Losses, Purchase of Ores.— Treatment of Zinc, Lead Sulphides, Desilverisation, 
Softening and Reflning.— The Pattinson  Process.  — The Parkes Process.— Cupellation and  
Reflning, &c., &c.

“A THOROUGHLY SOUND and useful digest. M ay with e v e r y  c o n f id e n c e  be 
recommended.”— Mining Journal.

Part II. SILVER.

Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, M achinery, and Processes of 
M anufacture, Refining of Builion, Cost of W orking, &c. Price 16s.

Su m m a r y  o f  Co n t e n t s .— Properties of Silver and its Principal Compounds.— Silver 
Ores.— The Patio Process.— The Kazo, Fondon, Kröhnke, and Tina Processes.— The Pan 
Process.— Roast Amalgamation.—Treatment of Tailings and Concentration.— Retorting, 
M elting, and Assaying — Chloridising-Roasting.  — The Augustin, Claudet, and Ziervogel 
Processes.  — The Hypo-Sulphite Leaching Process. — Reftning.  — M atte Smelting.— Pyritic 
Smelting.— M atte Smelting in Reverberatories. — Silver-Copper Smelting and Reflning.—  
INDEX.

“  The author has focussed A l a r g e  a m o u n t  o f  v a l u a b l e  in f o r m a t io n  into a 
convenient form. . . . The author has evidently considérable practical experience, 
and describes the various processes clearly and well. ’— Mining Journal.

M ETALLURGICAL M ACHINERY:
The Application of Engineering to Metallurgical Problems.

B y HENRY CHARLES JENKINS,
Wh. Sc., Assoc. R.SAI., A ssoc. M. Inst. C. E.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN’S METALLURG-IGAL SERIES.

Th ir d  Ed it io n , Revised. W ith Num erous Illustrations. Large 8vo. 
Handsom e Cloth. 25s. net.

With Additional Chapter on The Electric Smelting of Steel. 

THE M ETÄLLURGY 0F STEEL
BY F. W . HARBORD, Assoc.R.S.M ., F.I.C., 

Consulting Metallurgist and Analytical Chemist to the Indian Government, 
Royal Indian Engineering College, Coopers Hill.

W ith 37 Plates, 280 Illustrations in the Text, and nearly 100 M icro- 
Sections of Steel, and a Section on

THE MECHANICAL TREATMENT 0F STEEL.

B y J. W . HALL, A.M .In s t .C .E.

A b k id g e d  Co n t e n t s .— The Plant, M achinery, M ethods and Chem istry of the Bessem er  
and of the Open Hearth Processes (Acid and Basic).— The M echanical Treatm ent of Steel 
com prising M ill Practice, Plant and M achinery. —  The Influence of M etalloids, Heat 
Treatm ent, Special Steels, M icrostructure, Testing, and  Spécifications.

“  A  work which  we venture to com mend as an invaluable com pendium  of inform ation upon  
the m etallurgy of steel.”— 7ron  and Coal Trådes’ Review.

The Engineer says, at the conclusion of a review  of this book  :— “  W e cannot conclude without 
earnestly  recom m ending  all who  m ay  be interested as m akers or users of steel, which practically 
m eans the whole of the  engineering profession, to  m ake them selves acquainted with it as speedily 
as possible, and this m ay be the m ore easily done as the published price, considering the size 
of the book, is extrem ely m oderate.”

Th ib d  Ed it io n , Revised. Sh o r t l y . 

THE M ETALLURGY 0F IRON.
By  THOM AS TURNER., Assoc.R.S.M ., F.I.C., 

Professor of Metallurgy in the University of Birmingham.

In  La r g e 8vo, H a n d s o m e C l o t h , W i t h  N u m e r o u s I l l u s t r a t io n s  
(MANY FROM Ph OTOGRAPHS).

General Contents.—Early History  of Iron.— M odern History of Iron.— The Age of Steel.
— Chief Iron Ores.— Préparation  of Iron  Ores.— The Blast Furnace.— The Air used in the 
Blast Furnace.— Reactions of the Blast Furnace.— The Fuel used in the Blast Furnace.—  
Slags and Fuxes of Iron Sm elting.— Properties  of Oast Iron.— Foundry  Practice.— W rought 
Iron.— Indirect Production  of W rought Iron.— The Puddling Process.— Further Treatm ent 
of W rought Iron.— Corrosion  of Iron and Steel.

“  A  m o s t  v a l u a b l e  s u m m  a r y  of knowledge relating to every m ethod and stage  
in the m anufacture of cast and wrought iron . . . rich in chem ical details. . . . 
Ex h a u s t iv e  and t h o r o u g h l y  u p -t o -d a t e .”  — Bulletin of the American Iron 
and Steel A ssociation.

“  This is A  DRLIGHTFUL BOOK, giving, as it doe%  reliable inform ation on a subject 
becom ing every day m ore elaborate. ”  — Colliery Guardian.

“A t h o r o u g h l y  USEFUL BOOK, which brings the subject u p t o  d a t e . O f  
g r e a t  v a l u e  to those engaged  in the iron industry.”— Mining Journal.

*** For Professor Turner’s Lectures on Iron-Founding, see page 68.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAMO.
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Te n t h  Ed it io n . With Tables and Illustrations. Crown 8vo. 
Cloth, tos. 6d.

A TEXT-BOOK OF ASSAYING:
For the use of Students, Mine Managers, Assayers, &c.

By  J. J. BERINGER, F.I.C., F.C.S.,
Public Analyst for, and Lecturer to the Mining Association of, Cornwall.

An d  C. BERINGER, F.C.S.,
Late Chief Assayer to the Rio Tinto Copper Company, London,

Ge n e r a l  Co n t e n t s . — Pa r t  I. — In t r o d u c t o r y  ; Ma n ipu l a t io n : Sampling; 
Drying; Calculation of Results—Laboratory-books and Reports. Me t h o d s  : Dry Gravi­
metrie; Wet Gravimetrie—Volumetric Assays: Titrometric, Colorimetric, Gasometric— 
Weighing and Measuring—Reagents—Formulæ, Equations, &c. —Specific Gravity.

Pa r t  II.—Me t a l s : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Chromium, &c.—Earths, Alkalies.

Pa r t  III.—No n -Me t a l s : Oxygen and Oxides; The Halogens—Sulphur and Sul- 
phates—Arsenic, Phosphorus, Nitrogen—Silicon, Carbon, Boron—Useful Tables.

“A r e a l l y  m e r it o r io u s  WORK, that may be safely depended upon either for systematic 
instruction or for reference.”—Nature.

“This work is one of the b e s t  of its kind.”—Engineer.

Fo u r t h  Ed it io n , Pevised. Handsome Cloth. With Numerous 
Illustrations. 6s.

A TEXT-BOOK OF

ELEMENTARY METALLURGY.
Including the Author’s Pr a c t ic a l  La b o r a t o r y  Co u r s e .

By A. HUMBOLDT SEXTON, F.I.C., F.O.S.,
Professor of Metallurgy in the Glasgow and West of Scotland Technical College.

GENERAL CONTENTS.—Introduction. —Properties of the Metals. —Combustion.
—Fuels. —Refractory Materials. — Furnaces. — Occurrence of the Metals in Nature. — 
Preparation of the Ore for the Smelter. —Metallurgical Processes.—Iron.—Steel.— 
Copper. — Lead.—Zinc and Tin. —Silver. —Gold. — Mercury. — Alloys. — Applications 
of El e c t r ic it y  to Metallurgy. —La b o r a t o r y  Co u r s e .

“ Just the kind of work for Students c o m me n c in g the study of Metal- 
^^ or for En g in e e r in g Students.”—Practical Engineer.

“ Ex c e l l e n t l y  got-up and w e l l -a r r a n g e d .”—Chemical Trade Journal.

In Large 8vo. Handsome Cloth. Price 4s.

TABLES FOR

QUANTITATIVE METALLURGICAL ANALYSIS.
FOR LABORATORY USE.

ON THE PRINCIPLE OF “GROUP" SEPARATIONS.

By J. JAMES MORGAN, F.O.S., M.S.C.I.
“ The Author may be c o n g r a t u l a t e d  on the way his work has been carried out.”— 

The Engineer.
“will c o m m e n d  it s e l f  highly in Laboratory Practice. Its c l e a r n e s s  and pr e o is io n  

mark the book out as a highly useful one.” —Mining Journal.

LONDON: CHARLES GRIFFIN & 00., LIMITED, EXETER STREET, STRAND.
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Se c o n d  Ed it io n , Revised, Enlarged, and in part Re-written. 
With Additional Sections on Mo d e r n  Th e o r ie s o f El e c t r o l y s is  

Co s t s , &c. Price 10s. 6d.

A TREATISE ON 

ELECTRO-METALLURGY:
Eœbracing the Application of Electrolysis to the Plating, Depositing, 

Smelting, and Refining of varions Metals, and to the Repro­
duction of Printing Surfaces and Art-Work, &c.

BY 
WALTER G. M°MILLAN, F.I.C., F.C.S., 

Secretary to the Institution of Electrical Engineers; late Leeturer in Metallurgy 
at Mason College, Birmingham.

With numerous Illustrations. Large Crown 8vo. Cloth.

“This excellent treatise, . . . one of the b e s t  and MOST COMPLETE 

manuals hitherto published on Electro-Metallurgy.”—Electrical Review. 
“ This work will be a s t a n d a r d .”  —Jeweller.
“ Any metallurgical process which r e d u c e s the c o s t  of production 

must of necessity prove of great commercial importance. . . . We 
recommend this manual to a l l  who are interested in the pr a c t ic a l  
a ppl ic a t io n  of electrolytic processes.”—Nature.

Se c o n d  Ed it io n , Thoroughly Revised and Enlarged. In large 8vo. 
With Numerous Illustrations and Three Folding-Plates. 21s. net.

ELECTRIC SMELTING & REFINING:
A Practical Manual of the Extraction and Treatment 

of Metals by Electrical Methods.

Being the “ El e k t r o -Me t a l l u r g ib  ” of Dr . W. BORCHERS.
Translated from the Latest German Edition by WALTER G. M'MILLAN, 

F.I.C., F.C.S.

CONTENTS.
Pa r t  I.—Al k a l ie s a n d  Al k a l in b Ea r t h Me t a l s : Magnesium, 

Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Éarth Metals.

Pa r t  II. —  Th e Éa r t h  Me t a l s : Aluminium, Cerium, Lanthanum, 
Didymium.

Pa r t  III.—Th e  He a v y  Me t a l s  : Copper, Silver, Gold, Zinc and Cad­
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganèse, Iren, Nickel, and Cobalt, the Platinum 
Group.

“COMPREHENSIVE and AUTHOBITATIVE . . . not Only FULL Of VALUABLE INFOB- 
m a t io n , but gives evidence of a t h o r o u g h  in s ig h t  into the technical v a l u e  and 
po s s ib il it ie s  of all the methods discussed.”—The Electrician.

“ Dr. Bo r c h e r s ’ w e l l -k n o w n  w o r k . . . must o f  n e c e s s it y  b e  a c q u ir e d  by 
every one interested in the subject. Ex c e l l e n t l y  put into English with additional 
matter by Mr. M c M i l l a n .”  —Nature.

“ Will be of GREAT SERVICE to the practical man and the Student.”—Electric Smelting.

LONDON : CHARLES GRIFFIN & 00., LIMITED, EXETER STREET, STRAKS,
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In Medium Svo. Handsome Cloth. Fully Illustrated. 15s. net.

GENERAL FOUNDRY PRACTICE:
A Practical Handbooh for Iran, Steel and Brass Founders, 

Metallurgists, and Students of Metallurgy.

B y  A M ° W I L L I A M , A .R .S .M ., a n d  P E R C Y  L O N G M U I R .

C o n t e n t s  — I n t r o d u c t io n .— G e n e r a l  P r o p e r t ie s  o f  M a tte r .— M o u ld in g  S a n d s .— I a c in g  

S a n d s  a n d  F a c in g s .  —  F o u n d ry  T o o l s .  —  M o u ld in g  B o x e s .  —  H a n d l in g  M a te r ia l i n  t h e  

F o u n d r y .  —  O p e n  S a n d  M o u ld in g . — C o r e s .— E le m e n ta iy  A s p e c t s o f M o u ld in g .—  G r e e n  

S a n d  M o u ld in g .— S e c u r in g  C o r e s  i n  M o u ld s .— M o u ld in g  f r o m  G u id e s .— B e n c h ,  O d d s id e ,  

a n d  P la te  M o u ld in g . — M a c h in e  M o u ld in g . — D r y  S a n d  M o u ld in g . — L o a m  M o u ld in g .—  

C h il l  C a s tin g .— C a s t in g  o n  o th e r  M e ta l s . — B u r n in g .— W e ig h t in g  a n d  B in d in g  M a te r ia ls .  
— S h r in k a g e t C o n t r a c t io n , a n d  W a r p in g .— D r e s s in g  C a s t in g s . — C o m rn o n  F a u l ts  d u e  t o  

M o u ld  a n d  P a tt e r n . — M a llé a b le  o r  W r o u g h t  I ro n ,  S te e l a n d  M a lle a b le  C a s t  I r o i i .— C a s t  

i r o i i  — R e f r a c to r y  M a te r ia l s . — F u e ls  a n d  F u r n a c e s .— M ix in g  b y  A n a ly s is .— R e m e l t in g . —  

W o r k in g  t h e  C u p o la . -F u r th e r  T r e a tm e n t o f  C a s t I r o n . - H ig h  T e m p e r a tu r e  M e a s u r e -  

m e n t  — S te e l —  N o te s  o n  M e ta ls  o th e r t h a i i I r o n .— A l lo y s . —  M e c h a n ic a l T e s t in g .—  

M ic r o g r a p h ie  A n a ly s is .— C o m rn o n  F a u l t s .— F o u n d r y  M a n a g e m e n t .— I N D E X .

Extra Crown 8 w . With 4 8  Illustrations. B s . Qd. net.

LECTURES ON IRON-FOUNDING.
B y  T H O M A S  T U R N E R , M .S c . , A .R .S .M . , F .I .C . ,

P r o f e s s o r  o f  M e ta l lu r g y  i n  t h e  U n iv e r s i t y  o f  B ir m in g h a m .

C o n t e n t s .— V a r ie t ie s  o f I r o n  a n d  S te e l .— A p p l ic a t io n  o f  C a s t I r o n . H is to r y . P r o ­

d u c t io n .  _ I r o n  O r e s .  —  C o m p o s i t io n .  —  T h e  B la s t F u r n a c e .—  M a te r ia ls . — R e a c t io n s .  

G r a d in c  P iß  I ro n .  —  C a r b o n , S il ic o n , S u lp h u r , P h o s p h o r u s , M a n g a n e s e , A lu m in iu m ,  

A r s e n ic C o p p e r , a n d  T i ta n iu m .— T h e  F o u n d r y .— G e n e r a l A r ra n g e m e n t .— R e - m e l t i n g  

I r o n  —  T h e  C u p o la .  —  F u e l U s e d .  —  C h a n g e s  d u e  t o  R e - m e l t in g .  —  M o u ld s a n d  

M o n ld in c  - F o u n d r y  L a d ie s . - P o u r in g  a n d  P o u r in g  T e m p e r a tu r e . - C o m m o n  I r o u b le s . -  

I n f tu e  i  c e  o f  S h a p e  a n d  S iz e  o n  S tr e n g th  o f  C a s t in g s . - T e s ts .  „  ,  
1 n < ‘ l r o n f o u n d e r s w i l l f in d  m u c h  i n f o r m a tio n  i n  t h e  b o o k / ’- Z r o n  Trade Circular 

(Ryland’s)._________________ ===============

In Large 4 ^ o , Library Style. Beautifully Illustrated with 30 Plates, many 

in Colours, and 94 Pigures in the Text. £ 2 , 2 s . net.

PRECIOUS STONES:
Their Properties, Occurrences, and Uses.

A Treatise for Dealers, Manufacturers, Jetuellers, and for all 

Collectors and others interested in Gems.

B y  D r . M A X  B A U E R ,
P r o f e s s o r  i n  t h e  U n iv e r s i t y  o f  M a r b u r g ,  

T r a n s l a t e d  b y  L . J . S P E N C E R , M .A . ( C a n t a b . ) , F .G .S .

“ T h e  p la te s  a r e  r e m a r k a b le  f o r  t h e i r  b e a u ty ,  d e l i c a c y ,  a n d  t r u th f u ln e s s . A  g la n c e  a t  

t h e m  a lo n e  i s  a  l e s s o n  o n  p r e c io u s  s to n e s , w h il s t  t h e  p e r u s a l  o f  t h e  w o r k  i t s e l f  s h o u id  

a d d  a  n e w  i n te r e s t  t o  a n y  c a s k e t o f  j e w e l s  o r  c a b in e t  o f  g e m s ,  o r  e v e n  t o  a  j e w e l le r s  

w in d o w .”  — Athenæum. 

In Large Crown Svo. With Numerous Illustrations. Ss. 6d.

T H E  A R T O F T H E  G O L D S M I T H  A N D  M E L L E R .
A  M a n u a l o n  t h e  M a n ip u la t io n  o f  G o ld  a n d  t h e  

M a n u f a c tu r e  o f  P e r s o n a l O r n a m e n ts .

B y  T H O S . B . W I G L E Y ,
H e a d m a s te r  o f  t h e  J e w e l le r s  a n d  S i lv e r s m i th s ’ A s s o c . T e c h . S c h o o l , B ir m in g h a m .

A s s i s t e d  B Y  J . H . S T A N S B IE , B .S c . ( L o n d . ) , F .I .O . ,  
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A n d  W IL SO N H A K E , Ph.D ., F .I.O ., F .C .S ., 
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Fo u r t h  Ed it io n , Thoroughly Revised. In Large 8vo, Cloth, with
Tables and Illustrations. 21s. net.

POISONS:
THEIR EFFECTS AND DETECTION.

By  A. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 
Barrister-at-Law, Public Analyst for the County of Devon, and 

Medical Officer of Health for St. Marylebone.

GENERAL CONTENTS.
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Stains. III.—Poisonous Gases. IV.—Acids and Alkalies. V.—More 
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*»* In the Th ir d  Ed it io n , Enlarged and partly Re-written, Ne w  An a l y t ic a l  Mb t h o d s  have 
been introduced, and the Ca d a v e r ic  Al k a l o id s , or Pt o m a in e s , bodies playing so great a part in 
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W ith N u m erou s T ab le s, an d  2 2 I llu s tra tio n s . lö s . 

D A IR Y  C H E M IS T R Y  
F O R D A IR Y M A N A G E R S , C H E M IS T S , A N D A N A L Y S T S  

A Practical Handbook for Dairy Chemists and others 
having Control of Dairies.

B y  H . D R O O P R IC H M O N D , F .I.C .,
CHEMIST TO THE AYLESBURY DAIRY COMPANY.

Contents. — I . In tro d u c to ry .— T h e C o n stitu en ts o f M ilk . II. T h e A n a ly sis o f

M ilk . III. N o rm al M ilk : its  A d u ltéra tio n s  an d  A lte ra tio n s , an d  th e ir D étectio n . 

IV T h e  C h em ical C o n tro l o f th e D airy . V , B io log ica l an d S an ita ry M atte rs .

V I. B u tte r. V IL O th e r M ilk P ro d u c ts . V III. T h e M ilk o f M am m als o th e r  
th an  th e  C o w .— A p p en d ice s .  —  T ab le s .— In d ex .
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h a s  y e t  a p p e a r e d  in  th e  E n g lish  lan g u ag e .”— Lancet.
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6 s 916t
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With Chapters on Dairy Farming, The Diseases of Cattle, and on the 

Hygiene and Control of Supplies.

B y  E D W A R D F . W IL L O U G H B Y ,
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THE LABORATORY BOOK OF

D A IR Y  A N A L Y S IS .
B y  H . D R O O P R IC H M O N D , F .I.C .,

A n a ly s t to  th e  A y lesb u ry  D airy  C o ., L td .

7  W ith o u t d o u b t th e  b es t co n trib u tio n to  th e lite ra tu re o f its su b jec t th a t h as  
w ritten .” -— Médical Times.

A t  P r e s s . In  C ro w n 8 v o . H an d so m e C lo th . I llu s tra ted .

S O IX .

B y  JA M E S O L A R K , M .A ., D .S c ., A .R .C .S .,

P rin c ip a l o f  th e  C en tra l T ech n ica l  S ch o o ls  fo r C o rn w a ll.

C o n t e n t s . —  T h e M icro -o rg an ism s o f th e S o il, th e ir A p p ea ran ce , G ro w th K ep ro -  
d u c tio n , A ctiv ity  an d  C o n d itio n s o f E x is ten ce .— S o il B ac te ria an d th e ir R elatio n s to  
O rg an ic  M atte r.— D éco m p o sitio n  an d  P u tré fac tio n .— F o rm a tio n  an d  N atu re  o f H u m u s  ■ 
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o f l'ree N itro g en b y th e S o il.—  A lin it.— N itrif ic a tio n .  —  D én itrif ic a tio n .— C o n d itio n s  
an d T rea tm en t F av o u rab le fo r th e In crea se o f S o il N itrog en an d fo r th e P ro cess  
o f N itrific atio n .— S o il B ac te ria  w h ich  a re  o f  M in or  Im p o rtan ce .
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logical Examination.
A Practical Handbook for Medical Men, Analysts, Inspectons and others.

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S., 
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With Numerous Tables, Illustrations, and a Coloured Plate.
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AGRICULTURAL CHEMISTRY AND ANALYSIS:
A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS.

By J. M. H. MUNRO, D.Sc., F.I.C., F.C.S.,
Professor of Chemistry, Downton College of Agriculture.

[In Préparation.

In Large 8vo. Handsome Cloth. With numerous Illustrations.
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TECHNICAL MYCOLOGY:
The Utilisation of Micro-organisms in the Arts and Manufactures.

By Dr . FRANZ LAFAR,
Prof, of Fermentation-Physiology and Bacteriology in the Technical High School, Vienna.

With an Introduction by DR. EMIL CHR. HANSEN, Principal of the Carlsberg 
Laboratory, Copenhagen.

Tr a n s l a t e d  b y  CHARLES T. C. SALTER.

Vol. I.—SCHIZOMYCETIC FERMENTATION. 15s.

Vol. II., Part I.—EUMYCETIC FERMENTATION. 7s. 6d.

“The tiret work of the kind which can lay claim to completeness in the treatment of 
a fascinating subject. The plan is admirable, the classification simple, the style is good, 
and the tendency of the whole volume is to convey sure information to the reader. — 
Lancet.

Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net.

[Companion Volume to ‘‘FERMENTS,” by the same Author.]

TOXINES AND ANTITOXINES.
By OARL OPPENHEIMER, Ph .D., M.D.,

Of the Physiological Institute at Erlangen.

Tr a n s l a t e d f r o m t h e Ge r ma n b y

C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S.
With Notes, and Additions by the Author, since the publication of the German Edition.

“ For wealth of detail, we have no small work on Toxines which equals thelone 
under review.”—Medical Times.
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FERMENTS
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O f the Physiological Institu te at Erlangen.
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A b r id g e d  C o n t e n t s .— Introduction.  —  D efinition.— C hem ical N ature of Ferm ents.—  
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W ^thering, Ä  Tem pering, and  Pugging.-M acbinery  ; B oilers Enguies, G eneral 
M achinery Sieves »Éxiiig  M achinery, Presses, A c.-D ryers and D rying.-Engobing  and G l«m j. 
-Sett”n^  Sorting, and Paeking.-D efecls  

and  W aste.— Tests, A nalysis  and  C ontrol.— B i b l io c r a p h t . T a b l e s . In d e x . . » -
"  W e can thoroughly  recoæ m end th is handy little book to all our readers.’ -B ock and  

Pottery Trådes' Journal. _______________________________________________
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Se c o n d  Ed i t io n , R e v is e d  a n d  En l a r g e d .
W ith Tables, Illustrations in the Text, and 37 Lithographie Plates, M edium  

Svo. Handsom e Cloth. 30s.

SEWAGE DISPOSAL WORKS:
A Guide to the Construction of W orks for the Prevention of the 

Pollution  by  Sewage of Rivers and  Estuaries.
B y  W . SANTO CRIM P, M .In s t .C .E., F.G.S.,

Late Assistant-Engineer, London County Council.
“Probably the m o s t  c o m p l è t e  a n d  r e s t  t r e a t i s e  on the subject which has appeared  

in our language."—Edinburgh Medical Journal.

Beautifully Illustratedf with Numerous Plates, Diagrams, and 
Figures in the Text. Sls. net.

TRÅDES ’ W ASTE:
ITS TREATMENT AND UTILISATION.

A  Handbook  for Borough Engineers, Surveyors, Arehiteets, and  Analysts. 
B y W . NAYLOR, F.O.S., A.M .In s t .C .E.,

Chief Inspector of Rivers, Ribble Joint Com m ittee.
Co n t e n t s .— I. Introduction.— II. Chem ical Engineering.— III.— W ool De-greasing  

and  Grease  Recovery.— IV . Textile Industries; Calico  Bleaching  and  Dyeing.— V. Dyeing  
and Calico-Printing.— VI. Tanning and Fellm ongery.— VII. Brewery and Distillery 
W aste.— VIII. Paper M ill Refuse.— IX . General Trådes’ W aste.—In d e x .

“There is probably no person in England to-day  better fltted to deal rationally with  
such a  subject.”— British Sanitarian.

In Handsom e Cloth. W ith 59 Illustrations. 6s. net.

SMOKE ABATTEMENT.
A Manual for the Use of Manufacturera, Inspectors, Medical Officers of 

Health, Engineers, and Others.

B y W ILLIAM NICHOLSON,
Chief Smoke Inspector to  the Sheffield Corporation.

CONTENTS.—  Introduction. —  General Législation against the Smoke Nuisance. —
Local Legislation.— Foreign Laws.— Smoke Abatem ent.— Smoke from  Boilers, Furnaces, 
and Kilns. —  Private Dwelling-House Smoke. —  Chimneys and their Construction. —  
Smoke Preventers and Fuel Savers. —  W aste Gases from M etallurgical Furnaces. —  
Summ ary and Conclusions.—In d e x .

“ W e welcom e such an adéquate statem ent on an important subject.” — British 
Medical Journal.

Se c o n d  Ed i t io n . In M edium  Svo. Thoroughly Revised and Re-W ritten.
15s. net,

CALCAREOUS CEM ENTS:
THEIR NATURE, PREPARATION. ANO USES.

Witli 8orne Remsn^lcs lapon Cementi Testing.

B y  GILBERT R. REDGRAVE, Assoc. In s t . C.E., 
Assistant Secretary for Technology, Board of Education, South Kensington, 

A n d  CHARLES SPACKM AN, F.C.S.
“W e can thoroughly  recomm end  it as a first-class investm ent.”— Practical Engineer.

LONDON: CHARLES GRIFFIN & 0% LIMITED, EXETER STREET, STRAND.
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W ith Four Folding Plates and Numerous Illustrations. Large 8vo. 
8s. 6d. net.

A Practical Treatise on the Sélection of Sources and the Distribution of Water 

Br REGINALD E. MIDDLETON, M.In b t .C.E., M.In s t .M e o h .E., P.S.I. 
Ab b id g e d  c o n t e n t s .— Introduotory.—Reciuirements as to Quality. -Requiremente 

ml.niHv -StorÅee Reservoirs.—Puriflcation.-Serviee Reservoirs.-The Flow  
“ W ate? through Pipes. - Distributing Systems. -  Pumping Machines. -  Spécial 

^^Ä^^mnLnion for the student, and a constant reference for the technical man, we 
antidpate “Ä  Position on the bookshelf."-^^  Engine.

In Large Crown 8vo. Fully Illustrated. In Two Volumes.
Vo l u m e  I. Fo u r t h  Ed it io n . Price 7s. 6d. net.

,, II. Th ir d  Ed it io n . Re a d y  Sh o r t l y . 

THE CHEMISTRY OF

GAS MANUFACTURE:
A Hand-Book on the Production, Purification, and Testing of iiiuminating 

Gas, and the Assay of the Bye-Products of Gas Manufacture.

BY W J. ATKINSON BUTTERFIELD, M.A., F.LC., F.O.S., 

Formerly Head Chemist, Gas W orks, Beckton, London, E.
“  The BEST W ORK of its kind which we have ever had the pleasure of re- 

viewing.”  —Journal of Gas Lighting.

W ith Diagrams and Illustrations. 5s. net.
ACETYLENE:

THE PRINCIPLES OF ITS GENERATION AND USE.

By  F. H. LEEDS, F.I.C., F.C.S.,
Member of the Society of Public Analysts and of the Acetylene Association;

An d  W . J. ATKINSON BUTTERFIELD, M.A., F I.C., F.C.S.,
Consulting Chemist, Author of “The Chemistry of Gas Manufacture.

“ Brimful of information.”  —Chem. Trade Journal. ....
“ W e can thoroughly recommend the book to the manufacturer as a reliabic wo k 

of reference, to the user as supplying valuable hints on apparatus and methods of 
procedure, and to the student as a safe and certain guide. —Acetylene.

Large 8vo. Handsome Cloth. Price 16s. net.

PIRE AND EXPLOSION RISKS:
A Handbook of the Détection, Investigation, and Prévention of Pires and Explosions. 

B y D r . VON SCHWARTZ.

Translated from the Revised German Edition 
BY C. T. C. SALTER.

Ab b r id g e d  GENERAL CONTENTS.—Pires and Explosions of a General Character —
Dangers arisin^ from Sources of Light and Heat.—Rangerons Gases.—Risks Attendu«  
SnS IStriS  -  Materials Employed. -  Agricultural Products -  Rate, OUA?™  
BS-Äral OilB and Tar.-Alcohol, Ac.-Metals, Oxides, Acids, &c.-Lightning  

Ignition Appliances, Fireworks.
“The work affords a wealth of information on the chemistry of fire and kindred 

‘"“‘r^m^tfand  u?efui survey of a subject of wide interest and vital importance."- 

OU and Colourman’s Journal. _________________________________
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Th ir t e e n t h  Ed i t io n , Thoroughly Revised. The Appendix on Sanitary  
Law  being Entirely Re-W ritten for this Edition. Price 6s.

PRACTICAL SANITATION:
4 HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION.

By GEORGE REID, M.D., D.P.H.,
Fellow, Mem. Council, and Examiner, Sanitary Institute of Great Britain, 

and Medical Officer to the Staffordshire County Council.

Witb an Bppenötj on Sanitäre law.

By HERBERT M ANLEY, M .A., M .B., D.P.H.,
Burrister-at-Law.

G e n e r a l  Co n t e n t s .—  Introduction.—  W ater Supply : Drinking W ater, Pollution cf 
W ater.— Ventilation and W arming.— Principles of Sewage Removal.— Details of Drainage ; 
Refuse Removal and Disposai. —  Sanitary and Insanitary W ork and Appliances.— Details of 
Plumbers’ W ork.— House Construction.— Infection and Disinfection.— Food, Inspection of; 
Characterîstics of Good M eat ; M eat, M ilk, Fish, &c., unfit for Human Food.— Appendix: 
Sanitary Law  ; M odel Bye-Laws, &c.

“ A  VERY  USEFUL HANDBOOK, with  a very  useful Appendix. W e recommend it not only  to SANITARY  
INSPECTORS, but to HOUSEHOLDERS and  ALL  interested in Sanitary M atters.”—Sanitary Record.

In Handsome Cloth. W ith 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION.
By  JOHN W M . HARRISON, M .R.Sa n .I.,

M em. Incor. Assoc. M un. and County Engineers ; Surveyor, W ombwell, Yorks.

Co n t e n t s .— W ater Supply.— Ventilation.— Drainage.— Sanitary Building Construction.—

Infectious Diseases.— Food Inspection.— Duties of an Inspector of Nuisances and Common  
Lodging-Houses.— Infectious Diseases Acts.— Factory and W orkshop Acts.— Housing of 
the W orking-Classes Act.— Shop Hours Acts.— Sale of Food and Drugs Acts.  — The M ar­
garine Acts.— Sale of Horseflesh, &c., Rivers Pollution.— Canal Boats Act.— Diseases of 
Animals.— Dairies, Cowsheds and M ilkshops Order.— M odel Bye-Laws.— M iscellaneous.—  
In d e x .

“ Accurate, reliable, and compiled with conciseness and care.”—Sanitary Record.

Se c o n d  Ed i t io n , Revised. In Crown 8vo. Handsome Cloth. Profusely 

Illustrated. 8s. 6d. net.

SANITARY ENGINEERING:
A Practical Manual of Town Drainage and Sewage and Refuse Disposai.

For Sanitary Authorities, Engineers, Inspectors, Architects, 
Contractors, and Students.

B y FRANCIS W OOD, A.M .In s t .C.E., F.G.S.,
Borough Engineer and Surveyor, Fulham; late Borough Engineer, Bacup, Lancs.

GENERAL CONTENTS.

Introduction.  — Hydraulics.— Velocity of W ater in Pipes.— Earth Pressures and Retaining
W alls.  — Powers.— House Drainage.  — Land Drainage.— Sewers.  — Separate System.— Sewage 

Pumping.  — Sewer Ventilation.— Drainage Areas.— Sewers, M anholes, &c.— Trade Refuse.—  
Sewage Disposai W orks. —  Bacterial Treatment__ Sludge Disposai. —  Construction and  
Cleansing of Sewers.— Refuse Disposai.— Chimneys and Foundations.

“The volume bristles with information  which will be greedily read by those in need of assistance. The 
book is one that ought to be on the bookshelves of  EVERY PRACTICAL ENGINEER.’— SanzArry Journal.

“ A VERITABLE POCKET COM PENDIUM  of Sanitary Engineering. ... A work which may, in  
many respects, be considered as COM PLETE . . , c o m m e n d a b l y  CAUTIOUS . . . in t e r e s t in G  
. . . SUGGESTIVE."— Public Health Eupineer
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Vo l . I. Now Re a d y . In Ha l f  Mo r o c c o , 24s. n e t .

In Two Volumes, each complote in itself. 

PHYSICO-CHEMICAL TABLES

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 

MANUFACTUREES AND SCIENTIFIC CHEMISTS.

Volume I.—Chemical Engineering, Physical Chemistry.

Volume II.—Chemical Physics, Pure and Analytical Chemistry.^

By JOHN CASTELL-EVANS, F.I.C., F.C.S.,
Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College.

The Tables may almost claim to be exhaustive, and embody and collate all the most 
recent data established by experimentalists at home and abroad. The volumes w 
found invaluable to all engaged in research and experimental investigation in Chemistry and 

Physics.

The Work comprehends as far as possible a l l  r u l e s a n d  t a b l e s  required by the 
Analvst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c. ; and also the prin­
cipal data in Th e r m o -Ch e m is t r y , E l e c t r o -Ch e m is t r y , and the varions branches of 
Ch e m ic a l  Ph y s ic s . Every possible care has been taken to ensure perfect accuracy, and 

to include the results of the most recent investigations.

Se c o n d Ed it io n . In Large 8vo. Handsome Cloth. Beautifully 

Illustrated. With Plates and Figures in the Text.

Road Making and Maintenance:
A PRACTICAL TREATISE FOR ENGINEERS, 

SURVEYORS, AND OTHERS.

W i t h  a n  H is t o r ic a i . Sk e t c h  o f  An c ie n t  a n d  Mo d e r n  Pr a c t ic e .

By  THOS. AITKEN, As s o c .M.In s t .O.E.,
Member of the Association of Municipal and County Engineers; Momber of the Sanitary 

Inst.; Surveyor to the County Council of Fife, Cupar Division.

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS.

Co n t e n t s .—Historical Sketch.—Resistance of Traction.—Laying out 
New Roads —  Earthworks, Drainage, and Retaining Walls. —  Road 
Materials, or Metal.—Quarrying.—Stone Breaking and Haulage.—Road- 
Rolling and Scarifying. —The Construction of New, and the Maintenance 
of existing Roads.—Carriage Ways and Foot Ways.

"The Litorarv «tvie i. e x c e l l e n t . ... A COMPREHENSIVE and EXCELLENT Modern Book, an 
TO BAM wort Should be on the reference shelf of every Municipal and County 

Engitu er or Surveyor ih the United Kingdom, and of every Colonial Engineer. -The Surveyor.

LONDON: CHARLES GRIFFIN & C0„ LIMITED, EXETER STREET, STRAND.
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Fo u r t h  Ed i t io n , Revised and Enlarged. W ith Illustrations. 12s. 6d.

Painters ’
Colours, O ils, & V arnishes:

A PRACTICAL MANUAL.

B y  G EORG E H . H U RST, F.C.S.,
M em ber of  the Society  of  Chem ical Industry  ; Lecturer on the Technology of Painters' 

Colours, O ils, and  V arnishes, the M unicipal Technical School, M anchester.

G e n e r a l  Co n t e n t s .— Introductory— Th e  Co m p o s i t io n , M a n u f a c t u r e , 
A s s a y , and A n a l y s i s  of P ig m e n t s , W hite, Red, Y ellow and O range, G reen, 
Blue, Brow n, and Black— L a k e s — Colour and Paint M achinery— Paint V ehicles 
(O ils, Turpentine, & c., & c.)— D riers— V a r n is h e s .

“ A t h o r o u g h l y  p r a c t ic a l  book, . . . the O N LY  English w ork that satisfactorily  
treats of the m anufacture of oils, colours, and pigments.”— Chemical Trådes’ Journal

*** Fo r  M r. H u r s t ’s  G a r m e n t  D y e in g  a n d  C l e a n in g , see p. 84.

In Crow n 8vo. H andsom e Cloth. W ith Illustrations. 55. 

THE PAINTERS LABORATORV GUIDE.
A Student’s H andbook of Paints, Colours, and V arnishes.

B y  G EO RG E H . H URST, F.C.S., M .S.C.I.
A b s t r a c t  o f  Co n t e n t s . —  Preparation of Pigm ent Colours. —  Chem ical Principles 

Involved.— O ils and V arnishes.— Properties of O ils and V arnishes.— Tests and Experim ents. 
— Plants, M ethods, and M achinery of  the Paint and V arnish M anufactures.

This Work has been desi^ned by the A uthor for the Laboratory of the Technical School, and 
of the Paint and Colour Works, and for all interested or engaged in these industries.

“This excellent handbook, . . . the m odel of w hat a handbook should be.”— Oils, 
Colours, and Drysalteries.

Th i r d  Ed i t io n , Revised. In Crown  8vo. extra. W ith N um erous Illustra­
tions  and  Plates (sorne in Colours), including  O riginal D esigns. 12s. 6d. 

Painting and D ecorating:
A Complets Practical Manual for House 

Painters and Decorators.
B y W A LTER JO HN PEA RCE,

LECTURER AT THE MANCHESTER TECHNICAL SCHOOL FOR HOUSE-PAINTING AND DECORATING

G ENERA L CO N TENTS.
Introduction— W orkshop and Stores— Plant and A ppliances  — Brushes and  

Tools  — M aterials : Pigm ents, D riers, Painters ’ O ils  — W all H angings— Paper 
H anging  — Colour M ixing— D istem pering— Plain Painting— Staining— V arnish  
and V arnishing— Im itative Painting  —  G raining— M arbling—  G ilding— Sign - 
W riting and Lettering— D ecoration : G eneral Principles— D ecoration in D is­
tem per— Painted D ecoration  —  Relievo D ecoration  —  Colour— M easurm g and  
Estim ating— Coacli-Painting— Ship-Painting.

“A TH O RO UG H LY U SEFUL BO O K . . . G OO D, SO UN D , PRA CTICA L IN FOR ­

M ATIO N  in  a c l e a r  and  c o n c is e  f o r m .”— Plumber and Decorator.
“A  THO ROU GH LY G OO D A ND RELIABLE TEXT-BO OK . . - . So FÜLL and  

CO M PLETE that it w ould be difficult to im agine how  anything further could be 
added  about the Painter ’s craft.”— Builders' Journal.
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Se c o n d  Ed it io n . In Large 8vo. Handsome Cloth. Witli 4 Plates 
and Several Illustrations. i6s. net.

THE CHEMISTRY OF INDIA RUBBER.
A Treatise on the Nature of India Rubber, its Chemical 

tion, and the Determination and Valuation of India Rubber Subst 
Including the Outlines of a Theory on Vulcanisation.

By CARL OTTO WEBER, Ph .D.
“ Replete with scientific and also with technical interest. . • ^^fj^rtMer Journal. 

properties is a complété résumé ofevery thing known on the subject. I

In Large Crown 8vo. Fully Illustrated. 5s. net.

G LUE, GELATINER 
AND THEIR ALLIED PRODUCTS, 

A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology.

By THOMAS LAMBERT,
CONTENTS.-Historical.-GL^ andS

ANfXt ^u.. or n,^.,,, meth,d,cf>™rt-mE, cbksy from . pnrfc.1 ,<andpom<.

A book . .. of real value.”  —Chemical News.

At  Pr e s s . In Large 8vo. Handsome Cloth. Fully Illustrated.
THE ANALYSIS OF MATERIALS USED IN 

THE EEATHEH I NDUSTFt Y.

By S. R. TROTMAN, M.A., F.I.C., . 
Public Analyst for the City of Nottingham, Member of the International Associauon

Effluents.—Gl c s s a r y .—In d e x .

In Medium 8vo, Handsome Cloth. Fully Illustrated. I2s. 6d. net.

AN ELEMENTARY MANUAL JHE MANUFACTURE. PH™ 
OHHiniU pa pe r m a k 1NG FIBRES.

With Selected Tables for Stationers, Publishers, and Others. 
By R. W. SINDALL, F.C.S.

—Introduction.—Technical Difficulties relating to Papen-Rag Papers. — 

»Bä  ä^^ “IS  
^-WÂ-cSandd S oSvÄistoV ChÄ 
Statistics1— Dictionary of Chemical Terms.— Glossary.—City and Guilds Questions. 

^“Èxceedingly instructive and particularly useful.”-P^r Maker,' Monthly Journal.

In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net.

THE MANUFACTURE OF INK.
A Handbook of the Production and Properties of Printing, Writing, and Copyrnglnks- 
By  C. A. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH.

"Thoroughly well arranged . . . and of a genuinely practical order.-’-ff^^^^
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THE TEXTILE INDUSTRIES.NMLKJIHGFEDCBA

Se c o n d  Ed i t io n , Thoroughly Revised Throughout. In Two Large 

Volumes. Handsome Cloth.

A M ANUAL OF DYEING:
FOR THE USE 0F PRACTICAL DYERS, MANUFACTUREES, STUDENTS, 

AND ALL INTERESTED IN THE ART OF DYEING.

BY

E. KNECHT, Ph.D., F.I.C., CHR. RAW SON, F.I.C., F.C.S.,
Head of the Chemistry aud Dyeing Department of Late Head  of the Chemistry  and  Dyeing Department 
the Technical School, Manchester; Editor of “The of the Technical College, Bradford ; M ember 
Journal of the Society of Dyers and Colouriste;” Council of the Society of Dyers and  Colouristsl;

And RICHARD LOEW ENTHAL, Ph.D.

Ge n e r a l  Co n t e n t s . — Chemical Technology of the Textile Fabrice —  
W ater — W ashing and Bleaching  —  Acids, Alkalies, M ordants —  Natural 
Colouring  M atters— Artificial Organic Colouring M atters— M rneral Coloura 
— M achinery  used in  Dyeing— Tinctorial Properties of Colouring M atters—  
Analysis and Valuation of M aterials used in Dyeing, &c., &c.

“ This authoritative and exhaustive work . . . the m o s t  COM PLETE we have yet seen  
on the aubject.”— Tex<t7e Manufacturer.

In Large 8vo, Handsome Cloth. Pp. i-xv + ^05. 16s. net. 

THE SYNTHETIC DYESTUFFS,
AND

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED.

By  JOHN CANNELL CAIN, D.Sc. (M a n c h e s t e r  a n d  Tü b in g e n ), 
Technical Chemist,

An d  JOCELYN FIELD THORPE, Ph .D . (H e id e l b e r g ), 
Lecturer on Colouring M atters in the Victoria University of M anchester.

Part I. Theoretical. Part II. Practical. Part III. Analytical.

“ W e have no  hesitation in describing this treatise as one of the most valuable books 
that has appeared. . . . W ill give an impetus to the study of Organic Chemistry 

generally.”— Chemical Tråde Journal.

Companion Volume to Knecht & Rawson's “ Dyeing.” In Large 8vo.
Handsome Cloth, Library Style. 16s. net.

A DICTIONARY OF

DYES, M ORDANTS, & OTHER COM POUNDS
USED IN DYEING AND CALICO PRINTING.

With Formules, Properties, and Applications of the uarious substances described, 
and concise directions for their Commercial Valuation, 

and for the Détection of Adultérants.

B y  CHRISTOPHER  RAW SON, F.I.C., F.C.S.,
Consulting Chemist to the Behar Indigo Planters ’ Association; Co-Author of “A M anual 

of Dyeing;”

W ALTER M . GARDNER, F.C.S.,
Head  of the Department of Chemistry  and Dyeing, Bradford M unicipal Technical College;

Editor of the “ Journ. Soc. Dyers and Colourists ;

A n d  W . F. LAYCOCK, Ph.D., F.C.S.,
Analytical and Consulting  Chemist.

“Turn to the book as one may on any  subject, or any substance in connection with the 
trade, and a reference is sure to  be found The authors have apparently  left nothing out.” 

— Textile Mercurv-
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Large 8vo. Profusely Illustrated w ith Plates and  Figures in  the Text. 
16s. net.

TH E SPINN IN G A N D TW ISTIN G O F LO N G
V EG ETA BLE FIBRES

(FLAX, HEMP, JUTE. TOW, & RAMIE).
A Practical Manual of the most Modern Methode as applied to the Hackling, Carding, 

Prep^ and Tunsting of the Long Vegetable Fibres af Commerce.

B y  H ERBERT R. CA RTER, Belfast and Lille.
G é n é r a l  Co n t e n t s  — Long V egetable Fibres of Com merce.— Rise and G row th of 

the Spinnhg  IndSstry -Raw  Fibre  Parkets.-Purchasing Raw  M aterial.-Storme and  
Prelim inary  O perations.— H ackling.  — Sorting.— Preparmg. Tow  Carding and M uring. 
Tow  Com bine.— G ill Spinning.— The Roving Frame.— D ry and D em i-sec Spinning. W et 
Q ninnlnc Snlnniiur W aste — Y arn Reeling.— M anufacture of Threads, Iw ines, and  S-R^Â  Sial Sepaitm eut.-M odem M ill Construction.- 

«U pnm  and  W ater Pow er.— Pow er Transm ission. ,
“  M eets the requirements of the M ill M anager or A dvanced St|lJ.ent “V 1 ™ ^  

perha™  m ore than satisfactory. ... W e m ust highly com mend  the w ork as repre- 
senting  up-to-date practice.”— Nature.

In Large Svo, Handsome Cloth, with Numerous Illustrations. 9s. net.

TEX TILE FIBRES 0F CO M M ERCE.
A HANDBOOK OF

The O ccurrence, D istribution, Préparation, and Industrial 
U ses of the A nimal, V egetable, and M ineral 

Products used in Spinning  and  W eaving.

Bv W ILLIA M I. H A NN A N,
Leeturer on  Botany  at the A shton  M unicipal Technical School Leeturer ou  Cotton  

Spinning  at the Chorley Science and  A rt School, & c.

W ith N um erous Photo Engravings from  N ature.
In f o r m a t io n . . . . A d m ir a b l e  I l l u s t r a t io n s . . . . The information

is notDeasily attainable, and in its present convenient form w ill be valnable. -Textile

Recorder. —

In Large Svo, w ith Illustrations and Printed Patterns. Price 21s.

TEXTILE PRINTING:
A PRACTICA L M A N U A L.

Inciuding the Processes U sed in the Printing of 
G O TTO N W O OLLEN, SILK , and H A LF

SILE FA BRICS.
By C. F. SEY M O U R RO TH W ELL, F.C S.

Dem Hoc. of Chemical Industria; late Lecturer at the Municipal Technical School, 
Manchester.

G e n e r a l  C o n t e n t s . —  Introduction. — The M achinent U sed in fertile 
Printing.— Thickeners and  M ordants.— The Printing  of Cotton G oods. The 
Steam Style.— Colours Produced D irectly on the Fibre.— D yed Styles. 
Padding Style.— Besist and D ischarge Styles.-The Printing of Com pound  
Colouriugs,y& c.— The Printing of W oollen G oods.—  The Printing °t Sllk  
G oods —  Practical Recipes for Printing.—  U seful Tables.  —  Patterns.

BEST and m o s t  PRA CTICA L BO OK on TEX TILE PRIN TIN G w hich has yet been  
brought out. and ^11 tog rem ain the standard w ork on the subject. It is essentially  

pr“^»S^  ru™  w hich  has yet appeared. W e have  

no hésitation  in  recom mending  it.”— 7% e Textile Manufacturer. 

LONDON : CHARLES GRIFFIN & 00., LIMITED, EXETER STREET, STRAND.
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Large Svo. Handsome Cloth. 12s. 6d. 

BLEACHING & CALICO-PRINTING.
A Short Manual for Students and 

Practical Men.

By GEORGE DUERR, 
Director of the Bleaching, Dyeing, and Printing Department at the Accrington and Bacup 

Technical Schools; Chemist and Colourist at the Irwell Print Works.

As s is t e d  b y WILLIAM TURNBULL

(of Turnbull & Stockdale, Limited).

With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described.

GENERAL CONTENTS.—Co t t o n , Composition of; Bl e a c h in g , New 
Processes ; Pr in t in g , Hand-Block ; Flat-Press Work ; Machine Printing— 
Mo r d a n t s —  St y l e s  o p Ca l ic o -Pr in t in g  : The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, &c.— Thickeners — Natural Organic Colouring Matters 
—Tannin Matters — Oils, Soaps, Solvents —  Organic Acids —  Salts —  Mineral 
Colours—Coal Tar Colours—Dyeing—Water, Softening of—Theory of Colours 
—Weights and Measures, &c.

“ When a r e a d y  w a y  out of a difficulty is wanted, it is in  b o o k s  l ik e  t h is  that it is found.”— 
Textile Recorder.

“Mr. Du e r r ’s  WORK will be found m o s t  u s e f u l . . . . The information given is of o r b a t  
v a l u e . . . . The Recipes are t h o r o u g h l y  pr ac t ic al ."—Textile Manufacturer.

Se c o n d Ed it io n . Revised and Enlarged. With Numerous 

Illustrations. 4s. 6d.

GARMENT

DYEING AND CLEANING.

A Practical Book for Practical Men.

By GEORGE H. HURS T, F.C.S., 
Member of the Society of Chemical Industry.

Ge n e r a l  Co n t e n t s .— Technology of the Textile Fibres—Garment Cleaning 
—  Dyeing of Textile Fabrics—Bleaching—Finishing of Dyed and Cleaned Fabrics— 
Scouring and Dyeing of Skin Rugs and Mats—Cleaning and Dyeing of Feathers- 
Glove Cleaning and Dyeing—Straw Bleaching and Dyeing—Glossary of Drugs 
and Chemicals—Useful Tables.

“ An u p-t o -d a t b  hånd book has long been wanted, and Mr. Hurst has done nothing 
more complété than this. An important work, the more so that several of the branches of 
the craft here treated upon åre almost entirely without English Manuals for the guidance 
of workers. The price brings it within the reach of all.”—Dyer and Calico-Printer.

“ Mr. Hurst’s worK d e c id e d l y  f il l s A w a n t  . . . ought to be in the hands of 
e v e r y  g a r m e n t  d y e r  and cleaner in the Kingdom”—  Textile Mercury.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND.
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“ Boya 00ULD NOT HAVE A M OBB ALLURINS INTRODUCTION to Sclentiflo pursuita 
than these charming-looking volumes.’'— Letter to the Publishera from the Head- 

master of one of our great Public Schools.

Handsome Cloth, 7s. 6d. Gilt, for Présentation, 8s. 6d.

OPER-AIR STUDIES IR BOTARY:
SKETCHES OF BRITISH W ILD FLOW ERS 

IN THEIR HOMES.

By  R. LLOYD PRAEGER, B.A., M .R.I.A.
Illustrated by Drawings from  Nature by  S. Rosamond Praeger, 

and Photographs by R. W eleh.
Ge n e r a l  Co n t e n t s .— A Daisy-Starred Pasture— Ünder the Hawthorns 

— By the River— Along the Shingle— A  Fragrant Hedgerow— A  Connemara 
Bog— W here the Samphire grows— A  Flowery M eadow— Among the Corn  
(a Study in W eeds)— In the Home of the Alpines— A  City Rubbish-Heap- 

Grlossury •
“A FRESH AND STIM ULATING book . . . should take a high place . . . The 

Illustrations are drawn with much skill.”— TAe Times.
“BEAUTIFULLY ILLÜSTRATED. . . . One of the M OST ACCÜRATE as weil as

In t e r e s t in g  books of the kind we have seen."—Athenæum.
“Redolent with the scent of woodland and meadow. —1he Standard.

With 12 Full-Page illustrations from Photographs. Cloth. 
Second Edition, Reuised. 8s. 6d. 

OPER-AIR STUDIES IR GEOLOGY:
An Introduction to Geology Out-of-doors.

By GRENVILLE A. J. COLE, F.G.S., M .R.I.A., 
Professor of Geology in the Royal College of Science for Ireland, 

and Examiner in the University  of London.

Ge n e r a l  Co n t e n t s .— The M aterials of the Earth— A  M ountain Hollow  
—  Down the Valley— Along  the Shore— Aoross the Plains— Dead  Voleanoes 
— A Granite Highland— The Annals of the Earth— The Surrey Hills— The 
Folds of the M ountains.

“The f a s c in a t in g  ‘O f e n -A i r  S t u d ie s ’ of P r o f . Oo l b  give the subject a o l o w  or 
ANIM ATION . . . cannot fail to arouse keen  interest in geology.”— Oeological Magazine.

“ A c h a r m in g  b o o k , beautifully  illustrated.”— Athenæum.

Beautifully lllustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d.

OPER-AIR STUDIES IR BlRD-LIpE:
SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS.

B y CHARLES DIXON.
The Spacious Air.— The Open Fields and Downs.— In the Hedgerows.— On

Open Heath and M oor.-On the M ountains.— Amongst the Evergreens.—  
Copse and W oodland.— By Stream and Pool.— The Sandy W astes and M ud- 
flats.— Sea-laved Rocks.— Birds of the Cities. In d e x . . .,

“Enriched with excellent illustrations. A welcome addition to all hbranes. —West- 
minster Review.

tONDON: CHARLES GRIFFIN & CO., LIMITED EXETER STREET. STRAND
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Twenty-third Annual Issue. Handsome cloth, 7s. 6d.

(To Subscribers, 6s.).

THE OFFICIAL YEAR-BOOKdcbaZYXWVUTSRQPONMLKJIHGFEDCBA

OF THB

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 

AND IRELAND.

COMPILED FROM OFFICIAL SOURCES.

Comprising {together with other Official information) LISTS of the 

PAPERS read during the Session 1905-1906 before all the LEADINO 

SOCIETIES throughout the Kingdom engaged in the folloLuing Depart­
ments of Research :—

§ i. Science Generally : i.e., Societies occupy- 
inç themselves with several Branches of 
Science, or with Science and Literature 
jointly.

§ 2. Mathematics and Physics.
§ 3. Chemistry and Photography.
§ 4. Geology, Geography, and Mineralogy.
§ 5. Biology, including Microscopy and An- 

thropology.

§14. Mi

§ 6. Economie Science and Statistics.
§ 7. Mechanical Science, Engineering, and 

Architecture.
§ 8. Naval and Military Science.
5 9- Agriculture and Horticulture.
§ 10. Law.
§i i. Literature.
§ 12. Psychology.
§ 13. Archæology.

“ Fil l s a  v e r y  r e a l  w a n t .”—Engineering.
“ In d is pe n s a b l e to any one who may wish to keep himself 

abreast of the scientific work of the ^."—Edinburgh Medical 
fournal.

The Yb a r -Bo o k  o f  So c ib t ib s  is a Record which ought to be of the greatest use for 

the progress of Science." -tard Playfair, F.R.S., K.C.B., M.P., Pasi-President oftke 
Britisk A ssociation.

“Ål e°es alm°st„’v‘thout saying that a Handbook of this subject will be in time 
°ne ° lnost ge.nerally useful works for the library or the desk.”— FAe Times.

“ British Societies are now well represented In the ‘ Year-Book of the Scientific and 

Soc‘etie,5”f G™> Britain and Ireland.”’ — (Art. “Societies” in New Edition of 
Kncyclopædia Britannica, vol. xxn.)

Copias of the Fir s t  Is s u e , giving an Account of the His’ory, 
Organization, and Conditions of Membership of the varions 
Societies, and forming the groundwork of the Series, may still be 
had  )price 7/6. Also Copies of the Issues following.

Ihe v b a r -b o o k  o f  s o c ie t ie s forms a complète in d e x  t o  t h b  s c ie n t if ic  w o r k  ofthe 

sessional year in the varions Departments. It is used as a Ha n d b o o k  in all our great 

an 1»™  ™«^ Mu s e u m s , and Lib r a r ib s  throughout the Kingdom, and has become 
an INDISPENSABLE BOOK (>F Re f e r e n c e  to every one engaged in Scientific Work.

READY /N OCTOBER EACH YEAR.
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