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THE FORTH BRIDGE.* 
PROPOSED METHOD OF EREC'I'ING TBE :\lAIN STEEL PIERS A~"D 

APPROACH VIADUCI'S. 

one eloping plane to the other. I.ying across these are placed other be attached within the colu.mn, on the higher of which will be laid the 
four girden, one being on either aide of each tet of 12ft. rising columns, two main lift in$ girders of the platform. Extending between and beyond 
thus completing a rectangular platform resting inuirectly on the main these, but at ngbt anglu, will be the other girders required to complete 
rising columna. The weight of thia platform, including the neceuary the r ectangular platform already referred to. The principal work above 

~Y .ANnnE~' S. BJCGART, C.E.. . . crane~ and_ other plant required during the erection of the higher parts of this will he ex_ecuted from this platf?rm, u.it ia being railed tow~~da the 
'WoRKS 6f exceptional magrutude, and more eapec1ally those m wb1ch the p1er, will be about 400 tons. top of the p1cr. In that work will be mcluded the 12ft. ns1ng or 

the difficul*iea in the way of their accompli•hment are in any degree The first pert of the superstructure it that termed the lower te<t-plate. supportirg columna, the 8ft. diagonal columna, and the bracing in the 
proportionate to their size, must of necessity be of interest to tbia Several of the.ae are now completed and in position. They are made up of aloping planes. The vertical planes will be built aimilarlyaa the platform 
A.uociation, conatituted, aa it is, to auiat, and in ita own way act u a a seriea of longitudinal and tran.avene plates securely rivetted together, is raised upwards. When all is ready to be roised for the first time the 
beacon to all in aearch of true knowledge. While the difficulties met 1 and r un about 37ft. long by 17ft. flin. wide, with a tbickneaa of positions of the various members in the pier will be somewh:~.t as follows : 
with in. preparing for an.d founding _th~ piers of the F orth Bri?g~ _have from Sin. to 4in., as s~en in the engravings of lower ~rt of page ~be four rising 12ft. col!lmna ~ ~1ave the whole of their o~annela, ~nd 
been neather few nor ununportant, 1t 1.1 patent to even the urumhated 284. The whole plate 1.1 bolted on a number of short n on columna e1gbt of the ten plates m section, m each column at a converuent working 
that eau.ee for anxiety will neither disappear nor diminish till the erection in ritu, and is rivetted up by a special bydrauHc machine. Two girders height above the platform. The other two plates require to be kept off 
of the lteel aupentructure bu been completed. Presently our remarks are employed, one above and the other below the bed-plate, and extending at this point to allow the main lifting gird en to pass through the columna, 
will be confined to the main steel piers and approach viaducts. Tb~ beyond it are there joined together. On each of these girders slide• a .and can only be pla:ed in final position from underneath the main lifting 
term lteel piera refen to tboae parta of the superstructure immediately hydraulic cylinder, one having a little more effective area than the other, girden. The columns will only be bolted together at this point, but as 
over and between any of the three grour of four cailsona. Described while both are regulated by the same cock. The result is that when few more bolts will be r equired than those neceaaary to make good work 
generallr, each may be said to conli.at o two aloping and two vertit-al water it admitted the total preaaure on one cylinder is greater than that when rivetting up, very little labour will be lost. The 8ft. diagonal tubes 
planea, the eloping including one connecting horizontal column and two on the otbe.r, thereby holding the rivet bead firmly in place while the in the sloping planes will alao be carried up above the level of the plat-
12ft. rising columna, joined at the upper extremitiea by the top member, point ia being preued up. The work thus produced is of the very highest form. They pa111 between the girders and lie in the sloping pla.nea, and 
while from the lower end of each to the top of the oppoalte one there quality. Since the whole machine moves lengthwise and the cylinders will be wholly rivetted up above the level of the platform. The bracing 
extenda a dia«onal 8ft. tube. These two planes run parallel with the slide crouwise, the full surface of the plate is commanded by it. The in the vertical planes bemg 12ft. wide, allows the main lifting girders to 
centre line of she bridge, anu are 120ft. apart at the bale and 33ft. at the rivetting is alao done expeditiously, the machine being capable in ordina1y pass through it, and will be built to a large extent from a platform on the 
top. The vertical planea complete the atructure at the ends of the two work of closing during a single shift 600 l.in. countersunk rivets. When top of these girders, only the top and bottom bracing requiring to be 
sloping pl&nea. They consist of the 12ft. rising columna already men- finilbed the bed-plate is finally lowered mto position. The upper bed· I placed and rivetted in poaition underneath the main lifting girders. 
tioned

1 
wish the lattice bracing joining theae together. Theae members, plate, or base on which the various connection• at the foot of the rising 'Vhile the whole of the tubea will be built in single pieces, in the caae of 

with the internal viaduct and the bracing girders attached to the akew- column reat-and which collectively constitute what it termed the skew- the bracing girders, it is intended to take up and fix in position sections of 
becb, form t.he principal parte of the ateel piers, the extreme height of back-it proposed to be rivetted in a like manner to the lower bed-plate. I a size convenient for handling with de1p"tch under the somewhat novel 
which ia fully 340ft. above the bottom of the lower bed-platea. Wb.ile being rivettcd it will be secured to heavy ateel girders, instead of circulll.ltancea around. 

The approach viaducta are, generally apeaking, of ordinary design, with columna, as in the caae of the lower bed-plate, to keep it in true form. (To be con-tinued.) 
the exception of 10me special feature• to meet the unusual requirements Afte.r lowering the upper bed-plate into position, the diaphragm.a and 
demanded of them. The girders apen a distance of 160ft., and re.t on varioua other parte will then be built on it, and rivetted up by common 
granite-faced piera, rising to a height of 130ft. above high water ; the hydraulic macbines, as well u by the special hydraulic machines designed 
beigbtt of theae pien tbemeeh·ea gradually diminiahing as they near the by Mr. Arrol for the purpose. A.a many of the apacea in which rivetting 
abutments, owinct to the rising naturo of the banks of the river. The has to be done are very confined and difficult of acceu, high preeaures 
magnitude of the main steel pien, both in reapect of their great height will be naed with macbinea correspondingly small ; thus while the ordinary 
and immeme weight, demands that exceptional means be employed in preuure will still be 1000 lb. per square inch, it will be increued in 10me 
their erection. llhny propotala for etfecting this have been augg86ted, cuee to u high u three tone per square inch by a simple preeaure multi
and may be said to range from that of Mr. Arrol'a first which was to run plier wrought by the ordinary 1000 lb. preuure. This low preaaure it 
up the oolumna inde~ndently, using them aa the o;Jy staging, to that admitted to the large end of the compressing rami the ama11er end of 
propolld by Mr. Baker; viz., to carry up simultaneously with the co~~ll.l which prod!lcea the increased pr~uure-proportiona ~o t~e differe~ce i;n 
a ri""l platform, extending ro';lnd the whole four columna, by util1amg areae-required to cl?'e up t~e ~vet properly. The nvett1ng _machme 1.1 
them u eapporta, an~ npon this platfo~ to carry up the top mem~, very amall, each cy~der "!e1ghing .abo~t half ~ h1mdred~e1ght. The 
ba'rilll the end junct1o11.1 all prevtously nvetted . ~p, so that on arnval amallut ~ropoaed cylinder 1s only ~m. d~meter:, 1.1 of the s1mplut form, 
as the top, the final closing lengths of the 12ft. n amg column.a had only and contama a hollow plunger prov1ded W1tb a smgle cup leather at the 
to be joiDed to the junctions already fitted to complete tbia part of the inner end. A spring is eecured to the plunger and back end of the 
work. After careful comideration, the weight requiring to be lifted was cylinder for the pu.rpoae of drawing back the plunger when the exbauat 
found to be too great, when compered with the advantage• to be gained, water it allowed to eacape. When in place and at work the machine will 
to allow of ita full adoption. In the cue of the Fife and Queenaferry be hung to the one end of a small wire pusing over of a pulley, whilo at 
pien the weight was cloae on 1200 tona, an~ aeveral_hundred ton, more in th~ other will be fi~ed a balan~ weight to reli~ve the ope~to~ of t~e 
that of Inch GarYie. A modification of tb.ia plan 1.1 that finally adopted wetgbt of the machme. Two cylinden, one outa1de and one tnlnde, will 
by Mr. Anol, with Sir John Fowler and Mr. ~ker'a full app_rov_al: The be required at the closing up C?f the rivett i. both will be connected to the 
earryinc a~ of t.be top member ia done away W1tb, b~t othe~e 1t 1.1 very compreuor and wrought by 1t .. The ho~ontal t~bea, akewb&c~, and 
similar. The engravt.Dga on page 284 illustrate the p1er and tb1s platform. lower parts of all the columDJ will be built by ordinary cranea till they 
The mAin lifting girdera of the platform peaa through the 12ft. rising attain a beigtJt of about 30ft. above the bed-platea. At this point of the 
coluJDIII and running in line with the vertical planPI, extend from the 12ft. rising columm will then be commenced the longitudinal cbannela-

' thro111h which are drilled the holea for the ateel pina ~ pua through 
• Brltlab AMoctatlon, Aberdeen. I them and the crou girden-to tbeae cba.nnela the crou girden will now 

THE QUETTA RAILWAY. 
VERY considerable interest is felt in the progress of the railway to 

Quetta, the completion of whjch ia rightly contidered the first atep 
necessary for the sufficient execution of the new echemea of defence on 
the western frontier of India, and we are in a position to describe the 
exact state of the railway now in course of construction from the 
extreme limits of Scinde into the Pisbin Valley. The title of this line hu 
varied, during the six yeara that have elapsed since it was first projected, 
with the ultimate intentioDJ of ita official promoters. Ita earlieat designa
tion was the most ambitiou.s, for it wu then termed the Candahar State 
Railway, but in ita present form, which will very shortly be practically 
completed, it is called the Scinde-Pishin State Railway. We have 
preferred, however, to conaider this railway as the line to Quetta, which, 
although there it some talk of superseding it u our principal military 
station, it still the moet important atrategical poeition on the Indian 
frontier. ~o ~revent mi.eco!lct:Ptioa, it may ~ atated ~bat_ Quetta ia not 
on the mam line to the Pisbm Valley, wb1ch must mevttably be con
tinued before very many yeara pua by to Candahar, but. it will be con· 
nected with it by a loop line from Boatan. In order to make the aubject 
perfectly clear, we will begin with a aketch of the earlier history of the 
line, which will reveal the evil conaequencea of the four yeara' delay in 
completing it that followed the determination of the late Cabinet to 
anapend operatioDJ in tbia direction. 

The fins order of the Government of India for the conatruction of a 
railway in the direction of Sibi from Rukb, a atation on the Indus Valley 

CROSS SECTION " 
A'r C£/VTR£ • • • 

CROSS S ~CTI IJN 

AT P fCP 

Railway near Sukhur, was given on the- 11th of September, 1879. That 
order stated that " the gauge of the railway was to be the standard one 
of 5ft. Gin., and that it was to be laid as far as practicable on th e surface 
without ballast. " Nine days later Government came to a further decision. 
They decided that "from the terminus of the broad-gauge line a cart road 
should be made up the Bolan Pass, and on probably to Quetta and Piabin," 
and, further, that on this road " a 2ft. tram , t o be worked by st eam 
power, should be laid." Fifty lakha were granted for the railway, and 
26 lakba for the road and tramway materials, and the Viceroy, Lord 
Lytton, requested that 200 miles of metre-gauge permanent way might 
be sent out from England. This was done at a cost of about £150,000. 
One month later the Viceroy asked for 2CO miles more of the same 
material, with girders, engines, and rolling atock, as well as broad-gauge 
materials. The total coat of this furth er order was £420,000. An official 
telegram, dated October 21st, 1879, de.scribed these works as being in 
acth•e progreaa. It will simplify matters if we point out that at this 
period it was assumed that the railway to Quetta would be laid down 
through the Bolan Pu,, and consequently the preliminary measure was 
to construct the line as far as Sibi 'lllith all possible expedition. Two 
months later Sir Richard Temple, who had been pushing forward the line 
in the pla.in with characteristic energy, reported in favour of a route to 
Piabin and Candahar, north and north-west of Sibi, a.nd passing through 
Hu.rnai and Gwal. Tbia route waa then adopted for a railway in prefer
ence to the proposed tramway through the Bolan. In June, 1880, the 
line was in use for 140 milea, from the Indus to the Murree Bills, north 
of Sibi. Beyond this the Nari river section was in active progress, while 
100 miles of service road to the Quetta plateau were nearly complete, and 
a further section of 50 milea to the A.mran range was under aurvey. Such 
was the exact position of this important line in 1880, when the change of 
Government occurred at home. 

Lord Bartington'a first act in connection with this question on' coming 
into office was to authorise the completion of the surveys to the Amran 
range and na far as Candab.ar, but t~ order that "nothing further 
should be done on either of these two section.a towards the construction 
of a railway without previous reference " to the H ome authorities, · 
adding that "in the event of her Majesty's Government deciding 
not to maintain permanently a miHtary force at Candabar the completion 
of the surveys of these sections of the line. will enable me to arrive at 
some conclusion u to the most appropriate te.rminua for the railway." 
Four months later-October, 1880-the Viceroy-Lord Ripon- tele· 
grap,hed :-

' W e have decided to make Candabar railway only as far as Guliatan 
Kare~1 and will therefore not change gauge from broad. Order at once 
50 miles of permanent way, ordinary broad-gauge type, complete with 
sleepers, and twenty light engines. Despatch follows w1th full indent." 

Let it be said parent.betically, for the sake of clearness, that Guliatan 
Karez is at the extremity of the Pishin Valley, near the passes over the 
Am~n r:angP, _and t~at it it quite impouiblo for ua to have railway com
mmucatlon 'Wltb thu place before 1887. Yet th'l Viceroy proposed to 
preu on the railway to it in October, 1880. Lord Hartington'a reply 
m the name of the Cabinet to Lord Ripon'a request for 50 miles of 
material was aentin a telegram on October 21st, 1880:-"Further infor
mation required before indentt can be sanctioned." Three days later be 
asked for information by telegraph aa to " erlent completed of Candabar 
railway, alao eatimated time of finishing it to Quetta an d Guliatan." 
To thi.a inquiry the Viceroy replied u follows :-

" Line practi~lly complete, with temporary bridgea, to foot of 
Bolan and Nan Gorge. Distance in all about 165 milea; perma-
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