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L.\.00~ 00\'EHNl\JENT H.\lL\\'AY. 

. .h we P,oiuted out in an article which appeared 111 our 
t::.\>UC of JtebrutU,\ ~.jth, IHnl'{, at tbc co1umencetUcnL of 
Lhc L:~.gol) R1ih' •\) tbo r ol'llnl opening of which by the 
(i o,crnor. ~ir \\ 1llittu1 ~lt\curcgor, took place in ~larch 
la\>L- onc of the that ditliculties Wl\'> the choice of a bUiL· 
1\ble site for the tcmtinu ;. On rcfening to Fig. 1 it Will 
he seen Lbt~t Lagos town lb situated on au island in the 
La.goon about one mile fron1 the mainland. and iu order 
Lo bring thr n\ih' ay into Lagos itself, a considerable sum 
or. money would have been expended in constructing a 
t't\!h·oad bridge of this length, besides purchasing land in 
the town of J ,g.gos to provide a sufficiently commodious 
si te for a rA.ilway depi) t. Nature, however, has provided 
t\ small island called lddo, between Lagos and the main­
land, tLnd on this island l\fcs&rs. l::>hel£ord and ~on, the 
consulting cnginecl'S for the West African Railways, 
finally decided to place the terminus. In order to con­
nect Lago~:~ with the terminus on Iddo I sland it was 
decided to construct a. bridge for light carts and foot 
p v•sengers only, and this was con tin ucd on the other side of 
the i:>lancl, thm; fonuing communication for foot-passengers 
between Lagos and the mainland, apart from the bridge 
carrying the railway. It will thus be seen that there are 
th~ee distinct bridgeR at Lagos, the first the Carter-road 
Hndge, nawed after the late governor, Sir Gilbert Cartet·, 
which connects Lagos with Iddo I sland; the second and 
third are road and railway bridges which run alongside 
each other and connect Iddo I sland with the mainland. 
These latter arc generally )mown as the Deuton Bridges, 
and arc named after Sir Georgc Denton, the late Colonial 
~:lcrctary of Lagos, and now administrator of the Gambia. 
Owing to the great depth of mud and the treacherous 
bottom of the Lagoon, considerable difficulty was ex­
perienced in constructing the Carter Bridge, which is 
over :l200ft. in length. H was cowwenced in February, 
189 , and the las t girder wa~:~ placed in pol>i tion in 
October, 1899. The bad foundation ~:~, tbc swilt cun ent­
about four knot~:~-and the unhealthiuess of the work 
formed the chief dill:icultics to be contended with. 

The following arc a few particulars of the Carter 
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Bl'idge :- The piers consist of niles screwed well down 
into the soft bottom of the Lagoon . The lower ends of 
the piles are solid atccl, Sin. diatnetet·, with a cast iron 
screw, 4ft. in diametct·, nnd the upper ends are built up 
frow sections of I'Ollcd steel-four sections going to make 
up the pile-which were rivetted together by hydraulic 
pressure at the railway workshops. The main girders a1 e 
in 70ft. and 50ft. spans, the former run from the L agos 
cod of the bridge to the swing span and rest on piers having 
four pile~:~, the pitch of the piles being UHt. Gin. square; the 
la tter are on the other side of the swing span and rest on 
piers with two piles, every third pier, howe\'er, having 
four piles. The swing span has a total length of 124ft. 
6io. gh·ing au opening for sw all ships of about 50ft. The 
cantilever arms are of the lattice type, in ten panels about 
57ft. long with an O\'erl\11 depth of 8ft. tapering to 3ft. at 
the ends. The roller path for the ~:~wing span is 19ft. in 
diameter and rests on a pier built up of !>e\'en piles, six 
being in the form of a hexagon and the sc,·enth situa ted 
in the centre. 

The diutance uetweeu the main giruers for t.he entire 
length of the bt·idgc iH l oft., and the width of the road­
way between the handrail11 is 20ft. Gin. The whole of 
the ironwork of the Carte•· and Dcnton bridges was con· 
tracted for and deli vercd by the Paten L Shaft and Axle­
tl·ee Cowpn.ny. The Carter Bridge is approached on the 
L'lgoa side by a number of bt'ick arches, of which we give 
a photograph in Fig. 6. It has now been decided to con­
struct a light steam tramway over the Carter Bl'idge to 
connect Lagos with the railway terminus ; but as this 
bridge was originally designed to carry light traffic only, 
the gauge of the tramway will be 2ft. 6in., wbicb will 
thus prevent any of the heavy rolling stock of the 
3ft. Gin. gauge from traversing the bridge a t any future 
time. 

The railway, after leaving Iddo I sland, tra\'erses tbe 
Denton railway bridge, and after passing through Ebute 
l\Ietta, a small town on the mainland, where the chief depot 
is situated with the locomotive and carriage sheds, runs 
dead straight for no less than 12 miles with level portions 
and easy gradients for the greater part of the way, there 
iu another fi vc wiles straight between :36 and 41 wiles, and 
here again the line is nearly level. The maximum grade 
allowed is 1 in 50, and is invariably cowpeu~:~o.ted for cur· 
mture, the sharpest curve permitted is fh·c cht\ins radius 
in difficult country, and tcu chaiu11 in easy count.r.v. 

The line wa11 fir11t Ra.nctioucd to be constructed to OILa, 
a tnnaJI town uituatc<l about 2 l miles up countl'y from 
Lagos; it wab HexL decided to contiuuc the rt~-ihvar to 
.\bcokutt~, n LO\\ ll or l~o.uuu iulmLitant::s, lyillg 011. the 

TH E E N G I NE E R 
-

cast bank of the river Oguo , about 60 wile~:~ from Lagos, 
o.nd iiually to its present terminus at lbadan with its 
population of nearly ~00,000. A flying sun·c-', however, 
ill now being wade frotH 1 badau to the N iget· Hi ver- scc 
1-'ig. ~-as iL is considered desirable to produce the railway 
to that point Rlld so tap Lhc fertile districts which lie iu 
the ,·o.llc.r of the X igcr, nnd also make u~<e of that. great 
wa.terwny. 

Between the two termini thcl'C at·e tweh c s tations, 
waking t\11 ll.\ cragc di~:~taucc apart of about ten miles. 
At each terminus Md a.t Al·o. whicb is the station for 
Aheokuta, there arc, besides the ordinary s tation build­
ings, engine anc! carriage sheds, turntables, and weigh· 
bridge~:~ . The s tation buildings al·c simple in form, and 
in nearly all cases consis t of a timber structure, witb 
conugatcd iron roof euppol·ted on concrete piers, which 
raises the whole building clear of the ground. All the 
woodwork for these buildings has been sent out from 
England aftet· having been erected at home, and has been 
re-erected 1'n sit 11 by no.ti ve carpenters, of whoru there is 
a fait· supply at Lagos. 'rhc permanent way is la id with 
Vignolcs rails weighing 50 lb. per yard , resting on a 
special form of steel sleepet· weighing 82 lb., wade by the 
l\foss Bay Company, nnd placed every 2ft. 9in. apart. 
These slccpcl·s arc pressed out of one solid plate, and 
ha,·e lips to receive the rail according to the necessary 
t·equiremcnts of gauge, which is 3ft. 6in. on the straight. 
Creosoted sleepers arc, however, used at a ll points and 
crossings and over bridges, in which case the rails a re 
simply spiked down to the sleeper. It is fair to say that 
creo~:~otcd sleepers ho.,·c 1:10 far ~:~tood fairly well, but 
whether they will undergo the test for long it is at present 
ditlicuiL to say. 

All the bank~:~ and cuttiugs are tipped and excavated 
entirely by hand; and except where the bank or cutting 
is long when snmll tip-wagons nre sometimes used, the 
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whole of the earth work is ca.nied by the na.ti ves on their 
heads from one point to the other. The average pay for 
this class of work is 9d. per day, and the average amount 
of work done in this time is allllost exactly one cubic yard 
per man. The formation width is l aft., with a. slope of 
1~ to 1 on embankments; but in cuttiogs it has been 
found in general more suitable to leave the sides vertical, 
with the result that the heavy rains do not come down 
the sides of the cutLings and wash t~way portions of the 
earthwork. 

Among the obstructions to rapid progress ha\'e been 
lack of sufficiently good ballas t, and the heM·y bush­
cleating operations. No ballast was obtainable until 
sixty miles of line bo.d been constt·ucted, and then only at 
one or two points ou the line, and therefot·e had to be 
transported for considerable distances. 

Besides the Carter-road bridge and th~ Deuton-road 
and railway bridge, several other bridges of importance 
have been constructed, and of these two arc on Lbe main 
line. The first, over the rh Cl' Oyo.n, consists of three 
60ft. spans, and the other, O\'er the river Ogun, of tbt·ee 
100ft. spans, and is shown in Fig. 5. A type of half­
through girder has been adopted in the 100ft. spans 
shown on Fig. 5, the total depth of girder being 9ft. 
The rail level is 2ft. below the top of girder, and the body 
of the carriages passes over the bridge quite clear, although 
the distance from centre to centre of girders is only 
l Oft. 6in. By this means some of the advantages of both 
deck and through bridges ure obtained. 

As the town of Abeol<uta- see Fig. 2- lics on the east 
side of t~e rh·er Ogun .and the railway. runs along the 
wes tern. stde for some mtles before crossmg the river, it 
was deCided to construct a short branch to carry the rail­
way into the town itself. The rh·er Ogun here, however 
is ~vid~ , and necessitated the cons~ructi?n of a bl'idg~ 
whtch IS lal·ger than the other two bndges JUSt mentioned 
put together, and consists of three 100ft. spans, tht·ee 
60ft. spans, and one :JOfL. 11pan. The same design was 
used ns for the other bl·idges, o.nd as an example of rapid 
deli\'ery it may be mentioned that the whole or the steel 
worl< fot·. this bridge, wi tb the cxceptiou of the swall SOft. 
~:~pan whtch was ordered later, was delh·ered f.o.b. LiYcr­
P,ool ten wecl<ll•\ fter da.te of orde~· uy t~e Widocs Fouodt·y 
Uowpa.uy-a rotmltwhtcb we bohe,·e w11l cowpare fu.vour­
t~bly wtth the AtbLlra a11d Tugelt~ records. 
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The locomoth·cs used for hauling the trailic cont.ioL 
chiefl,y of six.couplcd engines with s ix-wheeled tenderH 
and letlding pony-wheels, and are showu on Fig. 4. The.' 
ha.' c been eon-,tt·ucted by H awthorn, Leslic and <.:o., and 
all t\l'C tiLted "ilh the \\'nclbchcart 'ah·e gear, which hu-. 
gh en e' cry batibftlCLion. The leading diwensious arc lb 

follow~> :-C.) tinders, ll in. diameter by 18iH. ~>trol<c; 
grate area, l:l bquarc feet; hetlting surface, 703 squa•·c 
feet ; diawetel' of dri\ ing wheels, ;.Ht. ;j~ in. ; fuel capncit,\, 
HO cubic feet; width o' Cl' footplate, 7ft. 6iu.; and 
between frames 2ft. l J ~in. \\'eight in working order on 
coupled wheels ~~ tons HI cwt., and on pony wheel three 
tons, making t\ total of ~.) tons l H cwt. A spark arrester 
is fitted inside the smoke-box, which does away '' ith the 
necessity of proYiding one on the top of the funnel as is 
comlllon with most engines for foreign parts. The loco· 
motives at·e sent to the Colony in parts and a t·c put 
together by native fitters worldng under the supervision 
of one or two Europeans. T he eania.ges and wagons arc 
all of the bogie type without exception. The standard 
length of the carriage underframes is 45ft. and over body 
40ft., and the length of wagon underframes 26ft. 'fhc 
carriages have been built partly by the Bristol Carriage 
and Wagon Co111pany, and partly by Brown, 1\Iarsball,nnd 
Co., from designs furni shed by l::>helford and Son. 

There are three ciA.sses of carriages-first, second, and 
third. It may seem unnecessary to provide three classes, 
but it must be remembered that tbe result of BriLish 
rule in W est Africa has been to produce three classe~:~ 
which are wore pronounced than they are at home, vil':., 
Europeans, educated natives, and uneducated nati\'es. 
The first -class compartments are fitted with comfortable 
cane seats with caoe backs sloping backward at a con · 
siderable angle. All windows are fitted with louHes, 
which can be used in the place of the glass when 
requit·ed. The roof is double, the top one being wade of 
corrugated iron and the bottom one of wood , with a gap 
between the two in which air is a llowed to circulate 
freely. All along either side of the caniage is a sheet 
il'On sunshade kept well away from the body of the 
carriage. Fig. :J shows a mixed train and station 
building. 

The milway is the pt·operty of the Lagos Government, 
the cost being defrayed by the issue of a loan. The work 
was carded out departmentally by l::>helford and Son, of 
Westminster, who are responsible for the design and 
construction of both bridges and railway and the appoint­
went of both construction and working Rtaffs. The 
number or Europeans employed during the con<;truction 
of the bridges and railway since the commence-nent has 
8.\·eraged sixty, and includes engineers, assistant 
engineers, accountants, storekeepers , fitters, dti ·; ~ rs, 
platelayers, ~ ·c . The a\'erage number of nati' es em­
ployed has been about 8500, with a. maximum of ~bout 
10,000 employed at one time. 

TilE INSTITUTION OF NAYAL ARCHITECTS AT 
GLASGOW. 

ON T uesday, the 2.3th inst., the summer meeting of 
the I nstitution of Naval Architects, which is being held 
again in Glasgow t his year, and which lasts until to day, 
opened in tbe Corporation Galleries, in Sauchiehall· 
street. The Earl of Glasgow, President of the Insti­
tution, was introduced by Lord Provost Chisholm , 
and soon afterwards took up his position as chairman of 
the meeting. There was a large and representative 
gathering of delegates from practically all countries, 
making a total of about 250. Again we regretted to miss 
the always welcom ed face of l::> ir W. H. W hite, Director-in­
Chief of Naval Construction, but the naval element was 
in st rong force as usual, and many well known experts in 
shipbuilding a.nd its kindred sciences bad found time to 
make their way north. 

The L:>rd P rovost, in the course of his introductory 
remarks, said he desired in the name of the municipality 
and the citil':ens of Glasgow to offer to the members of 
the Institution the beartie&t welcome to the city. No · 
thing that was in a.ny way connected with the building o{ 
ships could possibly be a. matter of indifference to ~he 
citi11ens of G la~gow, who had been so long and so closely 
identified with that industry. 

T he Earl of Glasgow said that his Jirst duty was very 
agreeable, as he took the chair primarily to return 
thanks on behaU of the Institution Cor the welcome which 
had been extended to the members, and which was assured 
to them wherever they went during the present ' 'isit. 
Be noted with pleasure the presence of so many friends 
from other countries, especially Germany, which, he 
said, they recognised as having given a great impetus to 
shipbuilding. The chairman pointed out the vast iw­
provement which had been effected on the Clyde since 
t he last visit of the Institution to this city in 1!>99. Last 
year WI\\S t he record year of shipbuilding on the Clyde. 
Of 541,081 tons launched during the year in Scotland, no 
less than 444,609 tons were built on t he Clyde, leaving 
49,429 tons for the rest of Scotla.od. But t hat was 
not all. In England last year the total tonnage 
launched was 961,426 tons, a very little more than double 
that built on the Clyde, so that the Clyde shipbuilding 
for 1900 was half that of all E ngland. Since 1889, too, 
the length of Glasgow's quays b ad been increased by two 
and a-half miles, vi:r.., from six miles to eight and a.-half ; 
the revenue of the Clyde T rust had r isen in t he same 
t ime from .CW7,953 to .£4!1,419 ; the Customs reven ue 
practically from one million to two millions s terling ; the 
total tonnage of e\p(lrts and imports from three million 
tons to 7 · 4 millions ; whilst the total registered tonnage 
had developed to four and a -third million tons. The 
Earl pointed out that Glasgow was now in possession of 
a doci<- No. o- which he believed to be second to none 
in existence. lt was 1!30ft. longer than the well ·known 
P rince of Wales' Dock at ~outhalllpton. The water area 
bad been extended 52 acres, whilst the river ha.d bee11 
deepened ~o as to take vessels of 26ft . draught. A new 
departure 111 the Clyde po.suenger ~:~teamsbip serYice was 
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