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Hisrontoay,

Tr has at all times been a subject for contro-
vorey snd o moatter of difficulty to fix the precise
bomwdary lne batween the river sod the ses, that
i to say exactly where the sea endes and the
river eommences,  With regard to the Forth and
its estunry, the same disetssion has been earricd
on in Parliamoent and elsewhere with considornble
warmth, but does not appear at the present moment
to have got any neerer to settlonent than in 1882,
Taking, however, s point, say Anstruther, in Fife-
shire, nnd another, Dunbar, in Haddington-
ghire, and drawing a line across which,
apepking, passes near the Taland and the

_ltht,“:ﬁmn}ny_cnll it the Forth wit.hi]:l}!:nd th& )
w is bomndary s, Starting
westward from it we have 32 miles to Quecnsferry
and 30 miles further to Stirling.  On both sides of
this groat watorshed aresituated Imndreds of sqoare
miles of some of Mhe most fertile and best enltivated
Innd i the three kin 1. There are gréal coal-
ficlds, there is mineral wealth and, besides, an im-
mense eapply of food and other epmmoditios which
the inhabitants of theee districts would wish to ex-
change or barter. Hut a serions barrier stond in
the way, and etands even to this day, for the only
menns of interconuinnnieation snd o mnmt be-
tween the two shores ia affordod by steam s oF
hﬁ' aajling oraft.  OF the former thera are three;
the most senward is that from Granten to Bumt-
island, Bve miles long, and 24 miles up the Farth ;
the next is that between South nnd North Queens-
forry, 32 miles from the boundary ling ; and the
third st Kincardine, about 10 miles west of Crucens-
ferry. The firat bridge for railway traflic is at Allon,
20 miles from Uueonsferry, and the next at Stirling.
The Granton-Burnti pasaage {pee map oii the
next pmge) is serionaly affected by the weathor in the
winter momths, is impassable during strong
pales, andat the best of tirmes nﬂiumhﬂ.ﬂtl.ﬁm from
train to boat and from boat to train is & souree ol ¢om-

siderable diseomfort to passengers, and what is worse
# great waste of time. snme holds good, though
in a minor degree, ot Queensferry and at Ki ino,

andd the traveller who requires to go from Dunbar
to Anstruther, to put an extreme dease, and who
ohjoets to sither of the sea passiges, has no choice
lcft him buot to go round by Alloa or Htirling, and
to pass over about 150 miles of railrond, when the
distance between the two tewns mentioned s, a=
the erow flies, less than 18 miles.  That under such
comditions the commercial and agricultwral inter-
course and traffic batween the eastern countien of
Eeootland suffored & serious check, and became
redoced Lo a mininom, woas but to be tuad.
The same disadvantapes oxisted in the case of
all those travellers, bent on business or an pleasure,
from north to south or eiee wored, who desired to
pasa throngh Edinburgh on their way, and who lud
gither to eross by ome of the ferrdes or male the
long detour by Btirling, being in either case
m?]hdu‘ta smbmil to 4 I]‘ﬂu of waluable l;:;me.
¥, the i railway compomies whoee
pystems nre s tnlll):']n the n{-ltanl[z:i midland
commtice of Fngland and the south of Scotland,
conlil got no acness bo the nerthom  ports of
Seotluul except by passing over' the lines of &
company whose interests wern hestile and in
cppemition to their own,  This broueht about a
most intalerable state of things, ll'lﬁiﬂ an sasy

THE FORTH BRIDGE;

By W. WESTHOFEN,

oxplanation of the many struggles and attempits
mada by the Esst Ooast {im.-u ta obtuin a separate
wocons to the countiss north of the Forth, Heow
great the neoessity wes of having means of pom-
munication betwean Lhe two shires, and how largely
even the adequate provisions made hitherto were
taken wdvantage of, = proved by the fact that in
180G —before o steambont existed or & mailroad was
thought of —the right of running ferryboats betweon
Hmlt.i and North Queensferry wes let st o yearly
rentnl of 20000, , and it is stated in the Parlinmentary
evidence then taken that the revenne derived Ly

hly | outaiders who run goods and jussengers across in

yawls and small baate nmounted to fully SO0, per
nnnum in addition,

It must be admitted that the Forth Bridge crosses
the river at & point which leaves the eastern conntics
itill somewhat in the same diffienlty, but it reduces
many of the local distances ta be traversed
by more than one-half, and the gein in time is con-
siderable.  Going by the Forth Bridge and its
connecting lines the teaveller will now be carried
o il snfely landesd ot Perth, Dunilee, or Aberdoen,
an the cose mway be, in o eomparatively short time
after leaving Falinbwrgh--in otne and a quoarter

heurs, one and three-quarter hours, and four hours | of

nq]ﬁactiwl — tndependent of witd or tide and
without digiunltyﬂﬂ:i diecomfort. In speaking of
the new lines in eomnection with the I!rrirlgt this
matter will be further reforrod to,

The justification for the construction of so greal
a work must, however, be songht in the desice to
serve larger intorests than e of local traffic
meroly. theso days of high prasnure, of living
ard working and enting and drinking st top s i
the mrhilng of an hnud: r.rir twntfl.:r :.ht?ta .'tt of
struggling wen ev & & poant o oot
i runEe. and ::.'Tet? }:lﬂll}'} however mmhle
and uvnaveidabie, is fatal toen ise.  Nor must
the bridge be Jooked upm as # ¢ standing by
itsell, but rather as a portion—certainly & some-
what ex ive portion—of & Elﬂgmhl: system of
railway lm"mvmg from directions upon
the eapital of Scotland, aﬁtlrdi.'nfemmm ot cnly of
mrre and morecomfortable teavelling, butalao
giving facilitien for the provision of a larger number
of those through trains which are constantly be-
coming more necessary by the yesrly addition of
many miles of both main lhes aml branch lines,
Altogethor those concerned in this great undertak-
ing are sunguine that within a very few months the
coorage, the foresight, and the wisdom of the
directors of the Forth Dridge Railway Com /
nnd of the other interested railway systems, will
fully: proved by results which it b impossible o
esthimate aven agproﬂnumzl;,r just now.

When and with whom the ides of bridging the
Forth first originated is now n matter of pure con-
jeeture.  The Rewnan leador Lent on exploration
and werl, probably comjured opin his mind's
eye the faint cutlines of o bridge as ke trudged the
weary miles along the soukh shore atd foumd neitler
boats to carry
mnst often hivs the salnted Magaret, the wife of
Maleolm Caen-Mohr, enn her uwent pione pilgris
e hotworn Edinboreh, Tanlhithgow, aml Thin.
fermline about the tinee of the Norman Coanguest,

and so probably har son Alexander the First of
Beotland, who in attempiting bo ervss o South o
North Queensforry was overtaken by a galo and

him across nor ford to fraverse—eo | judgs

beaten down the Firth, snd had fnully to land on
the sland of Inchoolm, five miles away, Hefounded
a priory on that jslasd as s thenkeoffering to
Providoneo for a very narrow escape and i

of & warmer reccption and more substantial gober-
tainment shoukd s similar misfortune again befall
him. Hn must also many of the poor Wu.y?ﬂl‘ﬂl'l whi
got drenchid to the skin and suffered the bormom
of sep-gickness during the crossing, and ko must
finally—if there was time for them fo do
unfortunate party of people who were driven down
the Hawes at so rapid m opuce that horses,
carringe, and possengera went night off the pler
into the water and nonw of them came out alive.

Tha ilea thue foated through many minds until
about 160 years ngo, when a bridge was first spoken
of, but partienlars as to design, site, or prolable
cewt do not secm obtainable,

In November, 1806, & ! was mado Lo con-
rat:ul:l:;’.rl:lcll»tﬂilllﬁ1 %Ead. ;:ftl:_-q;nd about iilm
sama i height i a8 ow  for
comers aind one for goer{--unﬂﬂr the bed of the
Forth, st some yoint to the wost of Queensferry,
The project was evidently serionsly entertained, for
in July, 1800, & prospectus was ismoed Ly “a number

noblonm and gontlemen of the first respecte-
bility and scientific charnctor,” imviting the yubl'e
to subscribe—the shares being fixed at HHH. each.
Further, in 1807, n ldet of about E20 jinges
wupu'bfj.'ﬂm'l in F..d.inm?.}h, entitled ““Obecrvation s
on the Adyvantages Proctienbdlity of making
Tonnels under Navigable Rivers—applicalile to the
propossd Tunnel wnder the Forth, ratadd with
a pection and map.”  Nothing, however, seems to
liave come of the project, whether owing to: diffi-
enltied of ¢onstruction or of financing is not known
—most probably hoth.

Within eleven years another effort was made, gnd
W COTnE WP A lﬂmb'%l“' entitled ** Report relative
to & Design for v Uliain Bridge thrown over tho
Firth of Forth at Quecnsferry. « . . .
Anderson, eivil engineer and survoyor
1518, 'l‘hm'e wera thres elovations, d
h:l‘rht and length of eloar span, but all equally bold
anil equally pritnitive; we give on the next page but
one a reproduction on o amallor scale of the Esgn.m!
sccompanying this report. The site was to have
boen no-.I:'TIlp t

By Jnmes
Edinlargh,
ifering as to

e mame a8 that of the nt bridge,
starting from the kime paint at Knttil Quevilerry
presingveryuearly over the centre of Tnchparyvie, and
torminating on the south sliore about ome-thind of &
mile east of the Hawos Pier, joming the Edinburgh
Rord jont undor Mons HEll  The cloar height above
high wator was to have beon vither 0 ft. or 120 ft.,
the main spans 1600 or 2000 fi., the width for
eI road and footpath 33 ft,, and the cost
156, RO, o 20, 0001, time required for com-
iem wan stated bo be four yoame A rovenne of
0 per eont. on the capital expended was considered
;fvﬂry mrﬂur;hhﬁtim;tn;e:hi:h Jrenves II'.ImL;.ImHn;
writing & hi colon wetus. fs of o
dete than 'mnrﬁ people 'wuf'lrwh!w.w thought, Ta
by the estimate the designer ean handly have
intended to put more than from 2000 to 2000 tons
of ivon into the bridge, and this quantity distribated
over the len wnult'l have given the sboeture a
very light and slender appwarance, so light ndeed
that cn s dull day it would hardly lave boon visible,
and after o hoavy gale probably no lemger to be s=n
on o clear dny either,

A
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redd whortive, and for forty | drodgers to koep & channel cloar, although the forry
,g“;._.m.,.-eﬂ.ptmwllf:;mhhc utup withwhat they | steamer draws little more than 4% ft. of water,
could got, but ab last m 15H) the North Dritish | Thess cenditions are a source of much discomfort to
Hullway fixed npom: & wto about six milis to the | the gmescigoers iy this route—For the Tight deaught
wese of Souoth Quesnaferey ss suiteble for the con- | stéamer can hardly hold its own agninst a gale of
struction of & milway nfdge, The bridge was to| wind brosdside on, and many people beoome seq-
have consistad of o nuomber of hargo spans of G004, | sick during & passage Iasting ab the worst of times
wach in the eonlre, with approaches in shurter spans | barely twenty minutes.

‘e withor end; ihé ¢xact centre line was to have |  In 1878 the Forth Pridge ﬂnmLu was formed
Leen froom & palut negr Blwekness Cpstle on the for the purpese of earrying oot ¢ by Bir
souih chereto Chatleatcs on the north shore, and | Thomas Bouch of n suspension bridge with two
comnecting Luses from ‘near Linlithgow, on the large spans of 1000 £, each. The capitul was

This schenie also

gide. The piers of Queensferry and on Tife weti
very nearly in the same position as those of the
present bridge, and there were two approach
vinduets to reach the hizh ground upon either side.
The bridge was to have been eonstructad ontively
of stesl.

Offices and workshope—which are now standing
—wore built st Queensferry, and extensive brick-
wiorks near Inverkeithing laid out and startad. A
brick pier—one of eight, which were to forny Ale
| base of the great Inchgarvie tower—was built at
lt.hu extreme north-west corner, after a foundation
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Fdinburgh and Glasgow line on the one kide, and | raised by the four principal rilway companies stone lind been laid with ﬁfmt coremony.  Dut the
from Charleston to fermline on the othor side, | intore in the - Coast traffie—namely, the collapse of the ill-fated Tay Bridge in Decomber,
wonld nodoubt have established nwrfgmdthmcg]nﬂreu Neorthorn, the North-Esstern, the Midland, 1879, stopped the further poogress of the work,

line to the north.  Baori wore taken and other

l ] and the North-Britich, and the ¢ ijes cama to
investigations made. A desigi had been drawn out

{ an  understanding among themselvea thot they
by Sar Thumas (tlien Mr.) Bouch, and Parlismentary | would  betwean them send so much traffic sepoes
powers for the eonstruction. of the bridge were | the bridge as would suffice o poy o dividend of
obtained by an Ack in 1883,  The river here in about | 6 per cent. per annum on the contract sum. The
23 milos wide, anil the greatest dopth of water about | Act suthorising the constructinn of the bridge was
W ft.— Tt the bottom is looae wnd wncertain, and | yussedin the sine year, 1878, and & contract siymed
it was decided to build wp and sink an exporimental | with Mesara. W, Arvol and Co.,of Glasgow, Anillus- |
pier before procesding further.  But troublesinter- | bration showing elevation and plan of Sir Thomus |
vened, and during the re-srrangement of the North | Bouch's design is shown in Fig, 2. ‘The central |
British Radlway Comjuiny in 1860-1867, the project | towers from which the main chiins are suspended |
with abandoped through vavious canses.  Forat were | wore to have been 530 ft, above high water, whila |
wubatituted  improvements in the Qu-amldl'n'rrl the rall level would B ot such Leight sa to leave n
wlﬂmgu Ly thie consbrmetion of the wmilway dlips at | dlear hend-room of 150 f, alova Iﬁl watay et wean
Nprth Gueensferry amd Tort: 1l It was at first | the plors. The central tower om Inchgarvie was nver
intended s have swinging 1 gontages at each |ﬁl.1i;'lft-. long, which brought the foundstions opon
e, rising and falling with the tide—the trains by | the sloping rock down to o depth of over 110 ft.
moatn of these to run bn mnd off the ferry | Below '.-’ﬁ widet, There wore two lines of rails
slesumor. = The Intter portion of the seheme was not | carried at s distanco of 100 ft. from each other,
earried vul howaever, owing to the insufficient depth | each lne being supported on s pair of d‘mﬁ
of wator aud ths graduad wilting up nesr the piers, | lattico pinders, and these wers laterally stiffen
which necessitates the periodical sssistance of | by single disgona) bracings reaching from side to |

and the investipations into the causes of that
disaster, and the disclosures made, shook the
public confidence in Sir Thomas Bouch's 1luui|%|..
and rendered o thorough reconsidoration of the
whole subject nocesaary.  Asn fivst result of this,
the suspansion bridge was abandoned, and the fouy
raiim companies sbove temed instrocted Qheir
consult; engineers—Mesars. Barlow, Harrison,
and Fowler—to moet and consider the feasibility
of building » bridge for railway across the
Forth, and assuming the fessbility to be provad,
ty decide what desoripbion of bridge it would L
moat desiralile to adopt, Tt was fairly well known
how many types of beidge there wers ko select
from for soch o aite ; theso ware (1) Mr, Bouch's
wriginal ll“tilgn {Fig: 2); (2) three forms of sus-
pengion bridica with stiffening goides and Tenced
chaine (Fig. 3); and (3) o cantilever laddge (Fis, 4).
The inuiry was must comprohonsive. Tt embraced
not only bridges as seb forth, hut wso tonnols, aiud
both of these for different sites.

With regard to tunnals, it was considered that



(8)
thia great dopth of water in the two main ehannels | expediont th ocomstruct o bridee with shorter spaue | finally adontod dM F
—abaye 200 fr.—and_the high ground upon both | than those which are indicatod by the naturl Lqu. n.i: mir:hd}lﬂ.p-i;-:::m t.;r::; ig?#;t?ﬁ;i“ﬂm
shoros, woull nocositate very !tﬂﬂl;f[ml ients and | Aguration of the groumd. n July, 1852, an Act of Parllamont was ohtained,
long approsches—making the tunool many miles | The original design for a continuons girder bridge

- authorising the i ' g
long, irrespoctive of tho uncortainty of the nature | (see Fig: d}—on the cantilever und contral girdor |ﬂ.uning .ﬂf Mwmﬁimﬁm:ft? ;'ﬂiﬁ“ﬂfa

-.-_.";..ﬁ';._: i T

W R

(TR

of the groond through which tho tunnal would have | principle which had been submitbed by Meassrs, | eapital of the Forth Pridge Cownjany was goarantoed
ta be out. owler and Baker—was in mutﬁu'ﬁenhn modified | with interost at 4 per cent. per annum, each of the

All things considered, the most suitable site for | to anit the conflicting views of the other consulting |four contracting railway componies undertaking to
o bridge wan hold to be that at Quesnsferry s aml, | engineers, and was then subnnitted lo the directors | find its share of the capntal expenditure aml oy it4
uwing to the great depth of water and the nature in May, 1881, After consultstion with the officors | share of the interest. Ttis also agrood that the North
aof tho bottou of the estuary, it woes not considoved | of the Buard of Tesde, this design (sec Fig. 5 was | British Maflway Company will maintain the per-
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Bridges " (Exuxeesing, vol, iii.) which went
through threo weditions gn this eountry, wore
republishod at Philsdolphis, and translated into
German and Dutch, and ;-:hliahad in the Trans-
eetioma of the Austrinn and Duteh engineers re-
apctively.

In 1871 Mr, Fowler and Mr. Bakor mado designs
and estimates for w bmidge across tho Sovern, gom-

ising two girder spand of 800 [L each, and in
H73 Mr., ar, at the request of the Cerpostion
of Middleahrough, designed the superstructure for
i [iﬂ'upmed ferry bridge seross the Tees, which
included n G650 ft. span on the same systom
(Exarssenisn, vol, xvi, l""'ﬁ" 60},

In 1876 nine competitive designs wero submitted
fur the proposed New York and Long Island
Bridge, comprising one span of T34 ft, one of
G18 ft., and of thess three d two were on
the aforesaid system (Figs. 13 and 14). The first
waa that of the Delaware Bridge Company, and
the second of Colonal Flad, the very able angineor
who, under Capiain Bads, tarrfed out the presl
Bt, Louis steel arch bridga,

In the same yesr was built the first, and, o far
as we kmow, the only railway bridge of the type
wider diseussion (Fig, 10,) Thin is a bridge of
148 ft. span scross the Warthe, near Poson. It
might appear steange at fiest that the applcation
to milway purposes of so well-known a system
should have been deferrod until 1876, but the
cxplanation is that thow are thousands of brid
in existence on the continnous meder, or in other
words eantilever and central girder priociple, bu

ineors s n rule have elected not to sever the
E;ﬁgn at the point of contrary flexurs, or to make
the girders of varying depth.

Aplance at the annoxed illustrations and deserip:
tion will satisfy our readers that there is nothing
noval or untned in the principle of the strueture
dusigned for tho Forth crossing.  Thereasona dictat
ing tho dexign in the ease of the Forth Dridge ars
those which probably imflueneed the Red Indians in

ing the srueturs iHusteated by Fig, 8—econnmy
of material and facility of erection. It must be
ecnceded, however, that except ns Th]u prin-
ciple the desi in mesentislly movel, but the
noveltiea are dictated by the unexampled size
of the stmcture, and are doe simply to the

ﬂﬂl‘fﬁ:i} adaptation of the prineiple of the com-
miions givder nmd the geneod laws the
atrength of materials to the epecial eonditions
of the cese, Thus it will be o el that the

structure is & contitwous ginder of yarying depth on
a8 well as elevation, the central 'nﬁxr portinn
ing of the ordinary width required for a double
ling of rafls, and the oantilevers spreading out to
an extreme width of 120 ft. at the piers. this
means the stresses on the horizopial bracing from
wind pressure are much reduced, snd lightness and
coim ossareattained. T further the sarde cnds
the whole of the vertical members are made of two
struts inelined towards esch other from base to
mummit nnd braced together,  To reduce the extrems
height of the structure, and bring the contre of
gravity aslow down s prssible, the battom mwembors
of the eontinuous girder are curved, springing from
solid masonry piers st a height of 18 it only ahove
high water, whereas in the design for the suspension
ulge the muin chains, of course all the
weight, were supported at a beight of BSD ft,
above the same point!  The maln compression
members are ateel tubes ranging up to 12 ft. in dia-
muoter, the tubular form ndopted  for two
reasana, ficstly, becouse exporiments have shown
that inch fur inch the fubular form is sirenger than
any other, and, nmmdl{.nlﬂm1m the nnmonnt of
stiffening anid accondary in thereby reduced
to the lowest percentage, It :ﬁght b thoughit that
oohumna 350 4, in length were nn ontried nm-vlg'.
but this i= not 86, asn we have the procedent of the
Bultash Bridge oval tubos 16 £t 9in, by 12 fi. 3 in,
in disméter and 460 ft. in length, the strain upon
which under the test load was higher per agquare jnch
than will he that on the steol columns of the Forth
Bridge, The veniral girder portion i simply an
rdi double-line railway bridge of 350 ft. span
with girders of n type intermediato betwoon the
girder of E,;:S"“] .leN'I:lm:l thu(‘;;:lwmﬁng. Thixs in
RT ECOTION type, and many tinmtal brid
have boen so constructed, =
Whan lecturing scme yoars ago, Mr, Baker, with
nview of jiresonting in & form casily understood
and popularly remembered, a simple disgram of the
mannot in which the prineipal stresses of a cinti-
lever hridge are di tod, devised the following

(6)

arpangement of & human cantilever, or & living
model of the Forth Bridge.  (See Fig, 154.)

Two inen sitting on chairs extoml their nmms,
and support the same by grasping sticks which are
butted sgainst the chairs, There are thus two
complato piets, ps representod in tho putling draw-
ing shove thoir heads. The contral girder is repre-
sentod Ly & stick suspended or shmg from the two
inner hands of the men, while the anchomge pro-
vided by the esvmterpoise in the eantilever el
piers is represented here by & pile of bricks at each
end, When s load is put on the cental givder by
s person mitting on it, the men's arms tha
anchorage ropes come inte tension, and tho men's
bodies. from the shoulders downwarda and the
ftichs eome inte compresgion.  The chairs sie
tepresentative of the ciroular granite piers, Tmagine

i ] e i
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| l
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] 1

Fru, G g, T.

|which would not eonpl

3. That no untried materisl e vsed iu its sonatrue-
tion, or it other wonds that 1o steel be anployed
with tha iiromants
of the Adwimlty, Lloyd's, ond the Underwriters'
Ruglstey, as dotermined by the expericnes ga neid in
the use of many theusands of tons of stool plates,
Tars, and angles for shipbuiliing purposes.

4. That the mazimium coonomy b attaimed
comaistent with the fulfiinent of the preceding don
ditions, We think it will b appnoont o moct
ongineers ind baedilge builders that the original sus-
pension-hridge dosimm complied with none of these
conditions, whilet the girder design complies with all.

Of the presont design it may bo troly said that all
anticipationg huve been most brilliantly realisad,
and ts werits can now, in the light of practieal ex
perismee, and of actual facts, be nrore easily poiited

TYTPEA OF CANTILEVER BRIDGES,

the chairs one-thinl of » mile sapact and the men's
liwads ma high as the cross of B, Paul's, their arms
ropresented hy Tnge Inttice steel sirders and the
stickn hy tuhes 12 {t. in dismeter at the baao, and
n very pood notion of the structuro s obtained, *

The chief desiderata iu the Forth Beidge, which
is tho Inrgest cailway bridge ever yot built, were
oloarly as fallow:

L maximum attainable amount of rigidity,
Loth vertically under the rolling load and laterally
under wimd pressuce, sothatthe weark wlon somplated
may by ita freedom from vilirntion gain the confi-
dence of the public, snd mmjsy the reputstion of
being not only the bigeest aud strongest, but wlso
the stiffest bndge in the worli,

2. Facility and security of orection, so that at any

atage of arcctivn the ineomplete strovture m:f I
s mecure against 4 hurvieane as the finished hridge

out.  In the first imstance the distribution of weight
nut anly offors the advantage of having the greateat
proportion, nearly one-fourth of it, immodintely
over the main supports, where it s moat easil
eroctal, but it offors in these places where the win
ressuee would mot with the grostest mmount of
overpe, the least amount of surface to act wpoaw
Thun, while in the centenl tower of the Inchgarvie
vior, the most exposod to storms, the weight per
ot run ds 23 toms, and in the first bay canti-
levers 21 tons, in the contml givdors of 350 ft,
length it is only a et ovee 2 toma gz oot.  Ind
sitnilar manner the structuro decraises rapidly in
height and breadth of givders, pa it c:mm'll Tam
the massive ceitral towers towatds the extremitios of
the eantilevors, Again, for purposes of srection nm
wrtion of the strocture, as put in position, off

i :Itunif w4 oo staging for carrying operations farther



nhond, or affurded every means of surpending tempo-
rary staging from it Tho greater portion of the
work ns erected could be secnrely fixed at once and
rivetted oy, and this clese up 4o plices where new
parts were in course of erection. Imt_ol:kg'ulity was
thereby insured, and less tempomry work required
than in any other mode of construction, while it
EAVE mnﬂﬂﬂl;iuru tha vurkmm'l mllm ulm;‘fa.nﬂ
offerad ave ty in ondmi' i or their safety,
and for th.nl.t-.!u[ mai;tmlt';r- itualf.

(ireat stability in nbtained by sitwddimg the sides
of the structurs, ai viewed in cross-section—that is,
maling it consiiderbly wider at the base than ab
the top. o the contral towers, the width at the
Luwses i soanewhat more than one-thicd of the lwight,
and & uniform battor is maintained thronghout the
whrnoture, Thin leature eonveys a sense of groal
recurity against the action of viclent & tend-
ing to overturn the bridze. Finally, the arrange-
ment of cantilevers and central givdors admits of
the atmplost and most effective form of expansion-
joint, and this problom is solved here in the happiesi
marmer, as will appear from the detailed descrip-
tinn given later on.

On December 21, 1882, the contraot for the con-
struction of the Forth Bridge was et to the firm
aof Tancred, Arrol and Cn. th the contract sum
and the time ifigd, hive boon excecded, for
reasona which will be fully apparent to the resder
who follows attentively the development of this
work, and who gives intelligent congidoration to the
conditions under which it had to be carried out,

Bire or Bruoce asp Prorick ox Crstee LIXE.
Burpounmyag CorNTRy.

The eite which was finally fixed upon as the
mownk suitable i all respicts for earrying the bﬁdgl
across, is in its notural features singularly w !
adapted for that Eur]nw. The goueral level of
the eountry on buth sides of the Firth Les at abont
the height st which it was required to carry the
rails in onder to afford softicient headroom  for
the largest vessels in the Navy or imerchand
service.  Bhould  the project of making a ship
canal between the Forth and Clyde—Ilately brought
to the notiow of the public—ever be exrried
into - exacttion, and should the Forth thus becomo
wn international highway, as well as ome of the
finest natural harbours of refuge in the world, the
Inrgest veasel yel built would have ta do ne more

than strike ite topmasts sliould it ha to pass &t
the hour of hugh water of an extra ]Iip spring tide,
Tho river bottom, in all places where the foun-

dations of piors had to be Inid, consists of either
the hard whinstome rock or of hard boulder clay,
both of great soundness and solidity, At no poing
where foundations had to be placed is there &
greater depth of water than that well within the
capabilitics of sinking cabssons by pmeumatic pro-
cesd,  The only contraction 1n nenrly &0 miles of
river i1 to he fonnd here, and it reduces the width,
elsewhere nover less than fully two milés to one mila
and about 160 yarde, (BeeFig, 10.) On the North or
Fife shore, n rocky promontory, somewhat triangular
in shape, projects southwards for fully & inile and &
uarter into the river, and afordz not ml{l sgund
ilding material inits bedrocl, but also sheltorad
cornets for discharging vessels and anchorages for a
xmnil ﬂﬂ;‘?‘i;a and hﬁ::;oh;k?mnnmtad with t.hl;
wintks. the apex of this roman near
due  south, the smlul.l palanid of ]m:ht;;rrrn;;ie Yies
diatnnt exactly onethind of & mile, and between
the two rons the Main or North Channel with o
dopth of over 200 ft. This is the channel alimost
exclusively wsed by shipping, because it is safor
and vasier to navigate than the South Chanpel, and
aleo becaose it is the shorter road of the two.
Inchgnrvie is & peak of basaltic trap-rock or whin.
atone, nnd lies to the cast side of the contre line of
the bridge. It rises abruptly from the bed of the
Firth oxcept at its westo extremity, whore it
widens into n broad tos with a talershly regular
slope to S.W, of about 1 in ¥, On the soath sids
of ?:1 ie lies the Bouth Channel, which is of
about the same depth and width ss the North
Channel. Its southorn edge, however, lies still
about 30 ft. under water, andd from it to the South
or Quecnsferry shiore there in n distance of 2000 fr.
one-fourth of which beeomes uncovered st low
watar,

In the Bouth Channel the whinatone rock dis-
appears abont the contes; being from thal peint
forward overlnid by a bed of very hard bouldor chy
of great thickness, this being in turm ﬂ'-'«ﬂﬂﬂiﬂuii?'
shivat 40 £t of a softer clay, gravel, silt, and soft

¢ # )

mud, The ground rises from the edge of the deap
ke the «l . dti::mhu baut ha?!‘ith > gantb;

e, the eluy ga Wiy up, AN
BIP']i to le of fredstune tml‘s?r ?t. will
thus saen that the natural configuration of the
ground on Lhe contre line of the bridgo, offers points
fur main supports, of which the twoe outer
oues wre about eyuidistant from the central one,
thus indicating two large spand of equal length,
while the romaining spaces to be traversed om both
shores, offer every facility for the construction of
satisfactory foundations.  As s matter of fact there
has been no single nstancs of the ground on which
thy foundations were placed. being uncertain or in
any way doobtfol, and no anxiety need ba folt in
reqm'd to this part of the Forth Bridge,

ndicntions of the nature of Lhe ground on the
cemtra line of bridge are given in Fig. 2 on Plate 111,
A general view across the river isahown in Plate V.,
from & photograph taken on September 1¥, 1883,
Thoe Iatter view shows the Hawes Inn and gardoen
in immediate foreground, also the Hawes Pier, the
Queensferry jetﬁy. with the half tide cofferdam of
No, 0 pler, and t
goffordsm for the Bouth cantilever end pier. It
alni shows the commencement of ng om Inch-
garvie, and the same on Fife, with the new coast-
guard houses o the first elevation to the right.

The gountry immediately surcounding the site npon
which the bridge now stands is steikingly beautiful,
Whitever amnn may be held in regand to the
lines of the bridge itself, it must be eomceded that
this bridge or any osther bridge must be & discordant
foature in a pastoral Jandscape.  Standing on Mons
Hill in Dalmeny Park, and leoking down over its
thickly wooded slopes into the broad expanse of the
Forth, with the island of Inchgarvie and its old
castle breasting the swift current and cutting it into
twn srms, which below it, unite nin a whirl-
poal glittering in all the colours of the rainbow, the
whole baclwf by the Fifeabire Hills, the Ochills
and the great peake in Dumbarton, Stiding, and
Paorthihire, s n view hard to be excellsd i any
part of the world,  Hardly less fine and perhaps
more grand sHll iz the view down the estuary
into the limitless ocemn, from the grounds round
Hopetoun House.

n the last ease the horizon falls 4 with the Jine
of the rails of the intarnal visduct, and thus shuts
out all view joost completely, while the lines of the
'bril:.S& itszlf in geometrical repetition—with severe
regulnrity—of triangles and squares, cannot bemade
ko harmonise in the lenst degroe with the soft and
undulating lines of the adjoining landscape,  Thue
the best view of the landscape is from the bridge,
becauso the disturbing element is left vut, while by
far the best view of the bridge is obtained from the
river, whether above or below, st a distance af a
mile or sd, the structure rearing itself to a t
beight, and being backed nnlﬁh;f the sky. &r'ht:ﬂ
viewod, its simple lines, its woll-proportioned parts,
its impressive air of & hoand solidity and yet
of lightness and grace, never fail to strike the mind
of beholder,  Four-square to 'the wind and
immovable it stands !

The view from the summit of the central tower
on o clear in mognificont. The broad nver
itaalf, with of all sorta and sizes, it steam or
under sail, rinning befors the wind, cutting across
the current oa the tack, or lazily drifting with the
tide, is always & most impressive spectacle upon
which cne can gaze [or honrs with sn admiring aud
untiving eve. And soch it ia, whether viewed in the
glory of sunrise or sunset, fn broad daglight with
the cloud shadows flying over the surface, snd &
thonsand ripples reflecting the aun's rys in every
mmmi\'nhln]LIIdeﬂ of eolour, or in the soft haze of &
moontipht night, The sunseta in summer sre
alvays maguificent, whether due to Kmkatoan
voleanie dust or to the va of the distant
Atlantic, but there hnve alsa m:ﬂm #unTises in
oarly sutumn whin a h man oould forget the
bour of breakfast, and one conld pot find the heart
to chide the worker who would lay down his tools to
gaze jnto the bewildering masses of onlour sur
rounding the rising light of day. An unboundod
view more than 50 miles up and down river! Far
awny to anst tho May Tsland, often so clearly
definod, thougl 35 miles distant, that the sum.
lit cliffs are clearly visible, the Basa Rock and
North Berwick Law, and the coast line of Hadding-
tomshive with the Lammermuir moge {ading into
the sky, noarer Inchkeith with the white walla of
the eoastguard station and the lighthouse, Tuch-

mickry and Cramond Island, the long jetties of

he commencement of the large | [

Leith Harbour und the shorter of Granton and
Newhayen, the rowds fall of shipping, tho masses of
houses in the marine suburbs of  Edinbugh,
Arthur's Seat and Coestoplibne Tiwer just peeping
over Mons Hill and the woods of Dalmeny Park,
To the south, the Tertile districts of the Tothians

wally rising to the imposing yungee of the Voot
and Hills, aud Lo south-west Dundes HIN  and
Castlo, Hopetoun House; and the old julice and
church of Linlithgow, the harboors of Fouoes and
Grangemouth and the Campuie Hills elosing in the
upper Firth, still many miles wide with beautifally
wanded shores, and many towne and villages upon
ita banks, Nearly (0 miles to the wost, ns the
erow flied, stinds the msesive cine of Den Lomond,
and behind it a formidable array of hills and moun-
tains, elothed in the smmmer-time in the tendesest
shades of porple and blug, in the winter showing
forth bﬂld?j’ in & coat of purest snow, In tho north-
weet appear the Ochills, in the north and north-cast
thi Fife Lomonds and the boautiful coast of Fife
running down ints the horizon, whire, glincing over
the old priory on Incheolm, the eye eatches the May

aland lpﬁtun.
At night too a sight is presonted not easily for-
E:t-h!u i the flashing lights of the May and of Inch-
ith, and mn:;y others stationary, such sa the
barbour lights of Granton, Ledth, Nowhaven, and
Bumtisland combine to form a beantiful picturs,
At timens of continued cast wind, whon large and
small eraft Tun for sbelter in the Ficth, it is not
unusual ti ses from H) to 200 vessels anchored jn
the roads, and the long stragmling lines of their
misthead lights give tho appearines of abumy town of
many strects having suddenly risen from the saters
On Jubiles night (21et June, 1887), although the
atmosphere was somoewhal thick, 68 bontires could
be counted ot one time on the swrrounding hills
and isolsted juiints, while the great masses of the
central towers of the brdge lighted up by hundreds
of electric are lights—Lucigen and other lunps—ar
various heights where work was curied on, formed,
with their Emu-dnwn refloctions in the watimm of
the Firth, three pillare of fire, and afforded & bruly
womdarful and unigue spectacla,

Tipes, Winn, Wisp Prssstnes, ann Gavces.
ULIMATE GENERALLY.

The tidal rise at Quoensferry, that is, the dif-
foremee betwoon bigh water and low water during
ordinary apring tideg, ia 18 ., rising ccmstonally to
21 ft. and even 22 ft. Uwing o the conbeaction i
the river, alread Urxikﬂ“ u?. the velocity of the
tide flow is onmiuf o, mora espacinlly o In the
North Channel. The steong corrents running o
oach side of Inchgarvie have given a good ﬂagl of
teouble, Both during tho erection of the cxtasive
lrom E:rﬂ.ﬁr staging batween the four main supports,
and between them and the rock, and dunng the
founding of tho piers. Still more was this diffi.
culty fﬁt during the erection of the Inchgardie
north enntilever, when it was pecessary to lifl oll
material oul of stemm Lorges up o the structum
direct, and when the combined influences of tide
fiow, st of current and wind, mede it next to im-
possible to keep the barges in place for o sufficime
timne to allow the lifting tackle to b attached sven
E;-h s most akilful experionoed akipper nt the

[

The only other drawhbaok due to tidal sction, was
due also to the want of proper pier acoommdation
upasn all three polnts, l’.’nti] the timber stages and
jetties were built, none of the landing plioes could

e approached at low water except by small basts,
and there was consequently a grievius waste of
time from Lhat canse in the sarly days.

The provailing winds are from the 5.W. and tho
highost pressures rocorded upon the wind gauges
have invarinbly proceeded from that guacter ; nox:
in point of frequmcy occars an E N B wind, which
brings up heavy sens from the German Oeoenn, and
which is az unpleasant Lo the sevses and na brying
to the temper as the proverbial esst wind i
London. From the N, W, come occasinpal Llusty
which have the effect of completely clearing the
atmoaphers, so that tho mest distant mountaiiesliow
with considerble distinctness thelr every form il
detail,  5.E, winds bring rain and dirty weatlior
imvariably, and ave Eartunntély ot of frequent
occurrence,  Jtis & curious fact that whiledn spring
and summaor the cast wind brings with it an oy
ehill, while the west winds nre warm and geninal,
the Intfer i the winter time briug whatevor frosty
woather comies o pmss, which s immedintely brokon
up imto thaw by & change in the wind to sast,



East winds are prevalent gencrslly in Aprl, |

south-west wind keeps in porsesmion.

The variations in temperature are wob oxeessive,
May, and Juns, but sometimes continue right snd may be said to vange hotween 20dag. Fahr, and
through the summoer, but for the remainder of the 85 deg, Fahe minimom snd msxinom i the shade
yoar, often for many weeks without change, the respectively.

ar greater than stormis bo the sailing cnft |iaus-

( 8)

drift atwint helplessly in the powerful corrents. At
such tHimes t-]l.i!'iliﬁl'u'ﬂﬂ mud launches bolouging to the
works were on the look-out to ron o the nssstance
of auy shipping becalmad and tow thew into mnid-
channel, To ward oif all eraft from the iron staging
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Fio. ba.  Lavivg MoDEL ILLUATEATING PRINCIFLE OF THE FORTH BuliWie,

On three or four days during the year gales Dlow
with such viclence ar to stop even large paddle
boats from  attempting the pessage. Un many
other days the smaller barges and launches have to
ke w[t{xin sheltar, Durng such times all outsido
work was necessarily stopped owing to the impos-
gibility of handling mnterial by the derrick cranes,
or of getting about on the expriaed H!.\%rtiugﬁ. From
twenty-two b0 twenty-three full working days o
the mouth wust be congdered very sutisfactory in
this climste ; on many daye only an heor or two
need have been Jost but for heavy raine in the
enrly hours, which drenched the men and sont them
o their homen,  Whest such happened no power of
persussion was great emough to Ihrin;; thom back to
work agnin, even if the weather turned fine and con-
tinued wo for the rest of the day—a corious feot
nok ensy of explanation.

Of enow there was but little during the seven
winibers, and bot few duys were losk through s
covering the ground, but the frost cavued much
Atf?'lpngi* in & work where hiydmulic applisnces wero
#0 largely usad, and where, owing to the enormous
oxtent Lo which pipe leads had to be carried, it was
impomsibile to offeckively proteet thom all. Tt was thus
the practice to break a oumber of joints and allow
all pipes to drmin dry after worke stoppod at night.
Some of these jointa wore on deck, othors on the very
top of the structure, and s fivs which occurred one
night, February L3, 1889, on Inchgarvie spread fo an
alsrming extent, and might have had most serious
wonssquences to the lower portions of the steelwork
as well un to the granite pler bofore the joints could
bo closed and the pumps made effoctive, The
danger wis all the greater that a furious gale was
blowinggs From the south-wesd, which made it nmatter

Fig.%6.
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of sume danger to got to the island st all, o¢ when |iog the Lridge is the dioger from smdden calms on Inchgarvie, where they would sortainly have come

there W sseend to the top of the superstructure to | which frﬁtumlt]y weeur during spring tides when o to grief, but

find the broken joints, stromg eh

where they slso inight bave done com.
is ruuning, and which s them to siderable injury to the structure in the early duye
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of eroction, thres timber Looms, ench boow consist- | as to pogister for wny diracttom of wind. ThnmImdnr to ascertain, bo dmme extont, how far graat
ing of three heavy Uregon pine logs, were moursd | was no provision made for registering Intermadiate | pusts of wind are quite Joeal i their setion, snd
to the'west of Inchgarsie, The loge wore octagon | prossures, nor partionlas as to dirsetion of wind exert great pressure ouly upon a very limited ared,
sectlon, From 2 fb to 2 ft. Biu. meross, and about | or times of eceurrencs, except in #o far as the | two elroular spaces—one i the exact centre, and
100 it, Jong, and were strongly bound tegather by | resords were taken gonarally at # am, awl{(dn;jr. lome in the righi-hand cornear—about 18 u. in

— | dinmeter, ware sut ool of the board, and erealar

three ]uu_v{ﬁnimn balts to each boom. Mooring| The principal gnufg {Fig. 17) is n large
blocks weighing nudﬁ 4id tomn each were Inid down | 20 fo. long by 15 . high, or 300 square foet area— | plates insertod which could register %m"lnfmﬂmq_]]r
in the bed of the Firth, semp 190 yards west to the | set verticallywith ite faces aast and west. Theweight | the foree of the wind wpon them,

boonis, On the side of the istand eivy iron stakes of this board is carcied two rods od | By the side of thia Targe squate board, at a dis-
were fixad in the roek, anil o these ur else tnman!iirmm a famework surrounding the board, and so | tance of about B fi., another gauge —a ciroular plate
the iron columns, 1} in. cable ehains wore sttached. jarranged ss to offar as Jittle resistance ss possible rxl'mlcf siuare feet area, facing onst anid west—was
The other ends of these chains were shacklad to the | to the passage of the wind, in order nol Lo ereato | b up with separate registration. This was in-
pointed ends of krﬁ:fmthg buoys, and the same | eddies near the eédge of the bowrd. In the hori- | tended as & check vpon the records given by the
shacklesrecdivod similar chains coming from the large | zontal central axin’of the board there are fixed two | Inrge board.

mnooring blocks, On the tops of the buays wers large | pins, which fit into the Jower eyes of the suspan. ﬁml.har o of the same dimensions as the
rings and to these were nttached the ch Lr& { sion.rods, the object being to bulance the board s | last, but wiﬂ the dise attached to the ahort srm of
frowm the ends of the Hoating booms, orratherfrom the | nearly as pusaible,  Each of the four corners of the | s donble vane, so that it should faee the wind from
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WIND CAUGES ON INCIIGARVIR.
iron belts near theends. Sufficient alack was allowed TABLE No. L—Ricorps oF Wmp Gavors ox Ixcnosrvie puRing Viorrsr Gaisa,

in all chiains for rise wnd fall of tide. Thesa tmber

booms have boen the means of saving many small .
boats aud sailing sehooners from I:ﬁl‘;uﬂ.n shipwrock, B
With the calm weather ‘in T‘inter snd earl
spring tho sea fogs or eastern haars occur wi | ——
mluu%:h frequency, and lave caused much anxiety T, Manth and Day. Revalyv- | Bmall | Targe |InCentre ml‘ af Wind,
on aecount of the necessity of having o carcy ing Fixed | Fized |of Large Topof
lurge numbers of workmen—many hundreds ev Gangs. | Cauge. | Gaugs, | Gauge. | Largs
morning  and night—from  either shore to thair Gauge.
deatinations, - Thase fogs come uplthn Firth liko n i -
anlid wall of dazslingly white elowl, sometiies
leaving the tops of the towers standing out clearly| 1883 | Decomber 1 ... ... .| @& S 22 —= — 8.4 %
in the sunshine, ab othar times hanging some 50 ft, | 1884 | January 26 wid gl e i3 41 e =i = 8.W.
to 100 ft. up in the air, and leaving the lower por-| 1584 October 27 A IR 29 o3 18 o - 'S':F'
tions quite clear, The effect is | lhﬁn in_tha i% " ﬂﬂﬂa % g i? == == Hw'ﬁ
ilustration from & photograph given on Plate XTIL. 1855 Doum:dl mr:- L ey E ﬁ ig — — E:"{;
Wisp Pres w0 Wixp (lavars. 1888 | March 31 ... ... 0 . = = . WL
T : 1887 | Februaryd o on | 26 a1 B | — — | W
The wind pressure to be provided forinthecalen- | Ja83 | Jamary ... S o a7 16 T 4T = &L
Iations for bridges in exposed positions is G0 1h. per | jpa8 | Novamber 17 ... .. Y 15 il o7 - i W
square foot, according to the Board of Trada regula-| 7380 OB et ) ol 34 12 — — | BW,
tiohs, and this twice over thewholonroaof the girder| 1800 | Janusry 190 v ww o | 28 16 - = |&w
surfice o , the resistance to such pressure to| 3a00 = L £ a6 a8 i5 = =5 W
be waight in the strocture alone, I i . o9 Wb W,
'!?h}'a mosl. viclent gales which have ocenrred B e o [ “ 18 = it

drrhg'i:ltﬁ memtrmhon of t-hn“::drth Biﬂ&a ::3 e v
veu  wi JESEIres THC0 un wi * Thesa are "HE
Em.gu in the annexed Tuble, No, 1. They wire altered aftee this dita,
It in worthy of observation that only ong gale
from easterly direction i recopded—Jan B, | board is held batwoeen two spiral springs, all care- | whatover diraction it might come, was sat up (see
18RR—tut thore have L a number of gales fully sl evenly ndjusted so that any pressure| Fig. 18). Thisalso had a separate registering apps-
that quarter registering between 151b. and 161h, | sxerted an ecither faco will pudh it evenly in the rtus arcsnged in the same manner as tho two ficst
and up to 20 Ih, per myunrs foot, and, of coumse, | opposite direction; but on sich pressore being | desoribad.
the snme from other directions, ramivad, the compresed springs will foree Irhel Fig. 17 gives two views of the large wind-board
The pressire ganges which were put up in the | board back to its normal pocition. Te the four | with the two independent gaugesat A snd B. Fig,
summer of 1882 on the top of the old castle on |eorners four wires are attaclied, mmiting in pyra- 18 shiows the ving wind gaugs, consisting of n
Tnchgarvie, and from which duily records have boen | midal formation in one point, whonee a single wire | cireular dise hung in four bent springs, rods
taken throughout, were of very simple construction, [:Hﬂ over a pulley to the registering apparstus | which eentre in paint M, Iare s horisontal
As the ohject waa to ssoertain only the maxinmm | below, This in the oviginal arrangement consisted | conssbar conmests the two opposite springs, and to
ures which the structure wonld eventually [of two levers at right mngles to omo another, the {this bar, nmetstely opposite the eontre of tle
vo to resist, the maxima only wera taken. The | shorter one—abont ong-thivd of the other—heing | hollow vertical spindle T, a amall chain s attached,
mokt anfarourable direetion fram which the wind |scted on by the wire from the windbdanrd, the which Tuel through a ulot in P over the pmlley N,
pressuro cun strike the is &t right angles to [longer one with an index pointer tegistoring the and right down the centre to the registaring appa-
the longituding axis, or nearly due east wst, | amonnt upon preparod paper slips.  The indication  patus below, The double vane is fixed upon I
nnd two out of the three ganges were fized to face |by the polnter was thus about three times the which revolves in the socket column R, The small
these directions, while a third was ao arranged |amount of travel of the wire up and down. In'fixed gauge 8 of the same eonstruction and ares,

wing to [multy registeation by the indicator pesdle, wn will presently be explained
%mﬂ’mmwmﬂmmmm-mgm whllininhm?rr:l




the enly diffcronce being that tha vane is absent,
il I i lixture o Boand cannot tun,  The
circular disc of conrses faces weak.

It [ necdléss to say that these gnuges were nob
expectod to give vory sccurato reconds of the wind
wirsanres wlioh ocourrod since they were put wp,

tt they give n sotficiently approximate idea of
what the structuve will hoveafter have to etcoutiter
i the way of wind,

Upen one ocension the small fixed beard appeared
g vegister 06 [h, to the sguare foot, » registrabon
which ciused no lithe alarm and anxicty, Mr
Baker, however, declined Lo accept the figures re-
eortded, mul on investigntion found that, with the
IuI:r;r mlull.iplil:utian-pu uter, it I.lrln.u Ilmt ifficull
obtain high figures, owing te the lever acquirin
nlijmuutulfnhfml a suddenly applied fmfuqn]l B4 i
stromg gust of wind would produoce; thereby over-
shooting the mack, Thus a hlow of about 20 Ih,

el amartly to the gauge would register 06 1h.,

would probably have registered more but that
the pointer could go vo further. This ccourred in
January, 1884, sinco then the reconding appa-
ratus has been altersd, the horizontal lever bei
done away with, snd a vertical 'imr-—srmpendﬁ
dir;-.&lly fronu the wire of the gauge—being subeti-
tuted.

Hince then the highest presaures recorded have
only boen 30 1h,, 41 [b., and 27 b, respectively,

ujgn]c on March 31', 188G, gwe the following
resnlts i —

Urpon the emall fiaed gaamgee 30 [h b0 the e, i1
W revolv M -, W

In thecentre of thr.ewhrg-a board 23§ |,

T i v &,

Al uver ;im Jarg: bonrd g o
These figures scem to jndicate that the hjﬂl:r
wind pressdres come more in gusts and e n
aqquills thar in s stesdy mid even presurs extend-
ing over a large sren.

After the contral tiwers had been carried up to
the full heaght, two sdditional revolving geuges—one
at the uorkh-east and one at the scoth-wost cotner
uf encly tower—were put up and records taken and
compared with those given by the other gnuges
The vecords confirm most distinelly the rosults of
the smaller gauges inserted upon the large boand—
firr thie prossores recorded vary ns much aa 10 1h,
and 12 1, between the difforent piovs —sometimes
the vpe, sometimen the other, showing the higher
registration,

Exrenmgst o Wrsp Brresses,

The reanty information existing on the very
important subject of the action of wind pressure
en the surfaces of structures, whether fat or
curyed, induced Mr. Bakor to make a series of
experiments, upon the results of which it would be
pussible to form some definite conclusions, These
cxperiments are R0 interesting, and the appli-
ances by which they were obiained were so é‘nga—
nivus, that no apology is needed for their i
tion hoee. Healiving the diffioulty of working
with modala in net wind, which is never, g0 to
apenk, of the same intensity or dircction f(ur twa
conseoutive moments, sl Inbouring under the
dirndvantage of not having an instroment which
watld relinbly indicate the aetual ure at
timo, Mr. Baker simply rev the worder of
things by making the wind stationary and the
apparatus movable.  The latter then consiated of a
Tight wooden rud, suspended in the middly, se as
ti Lialance correctly, by o string from the cell
At vne omid of the rod wes artnched a cardboard
model of the surface the resistance of which was to
b testod, Le it & purtion of o round tobe, o fae-
tenod strut, a picce of top mamber, or of the
intarnal vinduel, or even of a while eantilover,
Uiy the spposite end of the rod was placed & sheet
of cardboard facing the same way as the moddl,
w0 srranged that by meuns of snother and adjust-
able sheet, which eculd slide in and out of the
first, the surface ab that end coulil be increassd or
decreased ot the will of the operator,

The mode of working this contrivance i for s
person to pull it from it perpendicolar position
towards himsalf, mul thon gen.tlij release it, heiug
caroful to allow hoth endn to go together. I thin
is properly doma, it §5 ovident that the red will
in swinging retain & position parallel to ita ursgim]
peitiom, suppeaing that the moedel at one ond and
th oaidboand frue st the other end are balaneed
a5 v woight, and that the two surfaces axpsixd to
the nir pressure coming against it in swingi

exnctly alikn, Should one ares be greater the

are |tnwi.=rn, n further su

(

other, the mndel or the eardboard sheet, whichever
it may ba, will be lagging behind, and twist the

10 )

string. By now increasing or diminishing the area
of the eardbinrd sheet and mwﬂuﬁ expori-
mont over and over again, a point witl be reached

when the whole mass will & ;
being produced.  The aven of 'the esrdboard wi
then represent the cxact ares of the imodel whicli
is affected by wind pressurs.

The experiments tarried on in various ways by
differant poaple and at different Hies wre “‘E-IIEI‘:]]:?’
in sgreement with esch other, and not very dif-
ferent from thess arrived al Ly slontists with niost
complicated apparatus, and by Iaberious and pains-
taking processes,

The points on which relisble information was
mare particularly wanted were in respact of surfaces
more or less sheltered hy these immiediately in
Tromt of them. In the caka of any box lattice
Firdm, for imstance, assuming that the wind was

Wowing fully square at it, it might slso be ssumod

that the side nearest the wind would cover the side
of the ginder lying behind; but if the wind blows
at an angle to the girder, it in certain that the
second surface receives its proportion of full pres-
aure of the wind ; and in cases where two Inttice hox
girders are close together—as, for instance, in the
top member—all four surfsces will receive o pro-
portionate amount of wind pressure,

It may easily be undarstood that the distance
from each other of these surfaces has a great deal
o lis with the amount of wind atress they receive,
and it was with a view of obitaining seme waful
data with regnrd to this question that M. Baker's
ﬂﬁrimn'ntn were earried out,

formation oxists about Aot surfaces and curved
wurfaces, and alse about enbes—that §s, twe op
mere rides of any rectangular box or gicder upon
which the wind scts in a niore or lesa diagonal
direction. In all these Mr. Baker's experiments
agreed with these of other chasrvers, vhtaimed
with different m tus; but in the case of shel-
tered surfaces rosulls wore somewhat differsut,
Um the whole, however, Mr. Baker matinfied him
self that in no case was the ares affected by the
wind in any ginder which Lad two or more surfaces
exposed more than 1.8 timea the ares of the sur-
face directly fronting the wind., As the aalculs-
tiona have been mmde for twico this arvea, the
strosien which the stracture will receive from -this
:nune will be in all cases lesa than these provided
2 ]

Mr. Baker alse tested models of girders built
of metal, both in air and in water, and although
smme slight differences with the former result were
found, yot on the whole they fully confirmed the
general eonclusions arrived at.

The observations now made on the completed
-t_ructumh \E'l} no f[]uubh help to throw further light
o this aubject of great importance te enginecrs,
since in I.u:!glz structures the wind atmnuuq:‘nne of

- | congiderably greater momant than the train lads,

anl shiould therefore, for scomomical conaiderations,
be redueed to the narrowest limils compatible with
absolute safoty, '

GexEsat DesrumpTionN oF THE RTEUCTURE,
(Ses Plate JI1., Figa. 1 Lo 203,
From the general view of tlie bridge in profile
it will ho seem that it consists of twe approach

vinducts and of the cantilever hri per.  The
vinducts enly differ in extent ; :ﬁ: I::Digilt above

ing, | wator and the lengths of the spans being the same.

It will wles be seon that s similar vinduet which
formis the milrond or permanent way ie carried
through the eantilovers and contral towers af ena
uniform lovel. 3

Commencing ab the south end there are four
granibe ma arches which terminate in the
abutmont for the South Approach Vieduct. Hers
the ginler-spans commence—10 in number— the
end of the last heing supperied in the scuth
cantilever oml pher. Illﬁl the north shore there ape
throe similar arches, terminating in an
ahutinent, aud five girderspans W the uorth
cantilever and pler.

The bridge jproper consists of thras double
eantilevars and two ocentral connecting  pirders.
Each du;:iblu eantilover ponsists of 4 cen tower
supported on four gireulir mosonry i o canti-
133‘31:] proﬂia ing frem each mide of it. The two
outside plers—the Fife and Quommsforry—have, m
addition be the four supports of their centra)
wiet, innamuch a8 their suter

enntilevers rost in the cantilover ond piers, No

ng withomt l.wihtinﬁ {

gich additional #u wnn available in the easa
of the Inchgarvie pier, and the length of the bese
hos here heen nenrly doubled. The ressous for
this are given furthér o

The length of the cantilever hridge i 5,330 I,
copstating of the contral tower o Incligarvie,
{260 fr ; the Fife and Queensferry cential Lowers,
| 145 ft. each; the bwo contral connocting frﬂﬂht,
1350 ft. vach; snd six cantilevers of 030 It. ich,
The cantilover snd piors are apart 5,349 ft, 6 in,
from centre o gentrs.  The South Approach
Vinduot is 1078 ft. Jong from centre of cantilover
o] pher to ol of archies, consiating of ton sjmna
of :II.IEI foet éach; four arches of 66 it each contre
Lo eentro, and 84 L made up by abntments
['The North Appvoach Viaduct i #68 ft, 3} in. Jong
| ta end of arches, consisting of five spans of 168 ft,
long; three arches of 37 ft., 31 itl... and 44 A
contre to ccntre respectively, and 14 ft. 34 in.
made up by abutments.  The tofal length of the
strocture is therefore 8,206 ft. B in. The twe
muin spnns are 1,710 ft from centre to centre of
vortical columns, made up of two eantilevors of
680 ft. sach, and one coutral givder 350 (L

The waterway to be crossed is about 5,700 ft.,
extending from tho south cireular piers on Fife to
Viaduct Pier No. 3 at Quesnsforry, The mil level
hna been fixod at I57 ft l.b-:ww h water, which
leaven far & tetal length of 500 fL in the comtre of
each channel & cloar headway of 301 ., no tmain
load heing on the bridge, The ordi load of
two bming is Dot expected to diminizh this head-
way by more than about 3§ in.

The Fife and Quoensfprry Plers are alike and
identical in every respect, and only roverssd with
regard to their outer cantilevers. All six oanti-
levers are the same i length—numely, 880 ft. from
eontre of vertical columme to centre of endpost—
anil are also of the same lieight and width, namely,
304t high at the contrl towors, hy 130 ft. wido
b bottom, and 33 0 wido st top, and 34 6 high et
thie andpests, with a width of 32 ft. at botton
and 22 ft, at top, The only difference in the can-
tilevers los in the armngements of the Enﬂ[.n.:ﬂ::l
and further in the fact that the two outside or fx
eanrlevers of Fife and Queenaferry are somewhat
heavier in construction than the others. Fuwh can-
tilever consists of & bettom member, 0 eoupress
gion member, and & top member, or bension
metber—these being braced together vertically by
Ex pairs of cross-bracings on oach side, and being
olosed &t one end by the vertical columns, at the
other end by endprsts,  The apaco occupied bf'
sach pair of side-hracings ia termed a bay, of which
thers are six in cach cantilever,  The hottem mens
bers are eonmected together by twolve sets of horni-
gomtal diagenal brucings intersecting in ceutre Jine,
and further by the trestles and eross.girders, which
earry the internul viadust, The side heac
commecting top snd bottom members consist
of & strut or compression member and a tie or
tension membar intersoeting ope amather, and
bwing comnectad at the intorsectionu by st
guesot-plates and other stifivning.  Each pair :&
uppesits  strute i connected by dingonal wind-
branings both above and Lolow the mternal visduct,
and by & crosa-girder at top between tho top mem-
bers. From the intorsection of struts and ties in
the sides of the cantilovors, lattieo girders, anlloed
vortical ties, are carried downwards and attached to
the bottom mombers, relioving the latter of deflec-
tion between the junctions.  Cross-sections of the
oantilevers at ench pair of struts and ench {nir of
wvurtical tied are given in Plate IT1., Figs: 11 to 20,

Each centeal tower in formed of four eolumns,
each column resting on o ciroular pranite pice.
Transversely all theso picrs are 120 ft. from centre
to centre, or G0 It vn oach mide of the contre line
of the brndge. Longitudinally these plers are
100 ft, npart from cemtre to centre in the Fifs and
Uusensfurry Piers, and 270 ft. in the Inchgarvie
Pier. It follows that the eentral tower on Inch-

@ is mueh Twavier in construstion and different
in saveral fontures from Lthe othir two.

All the circuler granite piora nre earried to b
height of 18 ft. above high water, and the height
batween the contres of Lottem members and to
mambers i3 S8 fi, measured vortically, whi
E‘I-'vu an extrome heijght of thoe contral Lowers above

igh water of 861 ft,

e varticil columms—ao eallad for distinetion—
are vertioal only in ome sense; that is, when look-
ing broadsidlo on. In the othor semse, Todking
wlong the ocentre line of the bridge, they have
inclination of aboeut 1 in 7§, being apart, centve to




entre, 120 ft, at hottom and 33 ft. nt L This
Lottty o thy vertioal polumus is msintaines) ¢ e
ant the Zantilever bridge. It had been intended
tor s wrrange the sides of the eaitilovens that thg
Batter of 1 in Fh in tho central towers should
gradunlly  docyense until » vortical position, was
attained n the endposts and the central ginlers;
but this plan. weuld have Jed to considerable gom-
plieatioms in the junctions hoth in top and hattam
members, woid in Ehe inberssetion of struts and ties;
and wonkl haen produced a twisted bop membor,

There can be uo doubt that the armogemont of
& uniforn batter thronghont the strueture slds
materinlly to ita appearance, by miving it harmo-
nisnn and slmple I‘Em, and lcightens the jmjres-
sione of wkability amwl resistance to lsteral windd
|ressre,

The investiations wod exporiments mule by
Mr. Bakeer, and extending ovar soveral years, have
Yod to the decision that all members ander compres-
give mbvess shoold be of tulinfar form—ciroular by
preference where almisible—this fearm being the
stromgest, weight fer weight. This rule s, for
structural ressons, only depurted from in the struts
of Bay 6 of the cantilevers and in the struty o
top menler of the central ginders. . All members
under tenslle stress are open Litties givders
& Thus thi bottom members — the vertieal eoluins
amid the siruts in cantilevers are always under com:
pression and are tubmlar in form, while the top
members, the inclined ties W cantilevers o
vertical ties are invariably in temaion, and are
of Inttice-girder furm. The dingannl struts
in the oeniteal towers again, although Wlways fn com-
pression froan des! lond or wind jressure, receive
o alterminte tensile of compressive stress, and vice
weisd, wecording to the divection frum which the live
lol or train lowd enters on the pior.  In o similer
way the dingmal wind bragings botween bottom
members, the vertien] columne and inclined strots in
eantilovers, are expiosed Lo varying stresses acconling
to thio direction <-g the wind, and they are likowise
affercted to wonee dogree by the positiom of the sun.

In orler b0 preserve balance so far as desd
lond is concernsd, it became necessary to lowd
the onds of the outer or fixed cantllovers to the
extent of hall the weight of & central girder. To
this ewl the endposts of thess emntilevers are
Formed in a Targe box boilt of plstes and filled with
desul weight to the required extent. Thos far then
ihe conditions woald be alike for all six cantilovers
m the state of yost, mul in the abeemce of wind
];mﬁnum amd train load,  Any introduction: of the
attor would st enes disturh the balanes, and,
therefore, additioual weight waa placed in the
ends of the fixed enntilevers 20 enough  to
eounterbalanee any possible train lowd which =
likoly to pass over tho wwite: ond and  Jesve
o couple of humdred tons to the geod. Under
theso circimeatances the onda of the free enntilovers
i the Pifs and Cusesferry Piors cannot  defioct
except in =0 far as defloction i due to the ullﬂ.iri:f’
of the steel.  On the other hand the fxed end will
roceive n downwanl of, in the cnee of the
maximmm, the walght of the counterpalse, jlus the
maximinn  train Joad, and in the case of the mini-
mum, the weight of the sounterpoise mmus the
maximum train load, and of cotrse nuu e of
londs varying botwoon the two,  Ibwill thus baseon
how ehangenble are the conditions of lopd in the
cnntilevars, and the stresses upon the difforont
mambors,

In the central or Inclignrvie Pier the conditions
are difforont.  There the woight of half 0 contis]

irder I= carriod ateach ond, snd 8o far as dead load
3 eoncerned Lhe balance is absolute,  Put every ton
of train load introduced from eithor end will upsict
this balance at cnce, and IE wan therefire sssentinl
te provide for every eonti . Tho warst com-
dition that can be assimed I':arl be for two bealns
to moet in the eoutral girder at ome eml. The
tandepey would then be to form s felerum of the
two uearest cirulnr gooite plers and lift the stroe-
tura off the two furthésd piors. A= it was nhot
intonded that the anchorage in these pices, that fs
the holding-tlown bolts, ahouhl over be brought into
play excapt muler the most improbable conditiens
of hurrienne pressure, it waz necessary to make the
hasze af the centml towoers so great that the con-
timggoncy statoll above could not possilily arise, Tt
ts for thess pognegm thnt the eentral wwor of the
Inchaarvie pier has 20 much longer a hase than
gither Ltho Yife or Queensferry,

The four verticel columms ne eombined together
gud are braced In various ways. Longitud.imll;}

11

( )

they are congiected at botlom by the horimatal
portions of the botton members, and a6 top by
those of the, top members, both of these being
carvied throvgh in unbreken seetbut.  The four

porners of the rectangle thve formed are eonpectad

by a pair of dingonal struts interseoting escli obher
at the vetre.

In arder to facilitate the intersection: Llwss struts
——anil for smilar reasons the struta in the canti-
Tevers—ure Hattened throughout on both sldes, amd
at the polits of intersection are  donsideralily

| stifoned and olpost doolled in the platen, At

thin point & horizootal bracing pivder 15 candied
across mnil attached to the vertical columma om
wither side, In the case of the centrml tower on
Ino ie, owing to the preater distance betwoen
the pives, tho top and bottom membire cannel be
aarried for the whole distanes without deflection,
and u verticnl tio ia therefare Leonght dewn from
the fnterseetion of the di struts nmd gttnchod
Lo the bottom membor, while n vertical supporting
eolupmn & carrisl ap from the sme point to take
up the dofléction in the top mumber,

In ths lateral sense al the base of the colvmns
there are two horizontal ing irders and one

e (in the case of Inchysrvie two paits) of lieri
zumb diagomal beacing pirders of !:mi strength

wml etifiess, thus forming with the hovigontsl
bottom members s vory migid frunework imme-
diutely over the ciroular masoney plevs, A shmilar
double st of cress-bragings—though of wuch
lightor sictjion—is placed at the lovel of the inter-
suction of the disgunal struts, thus bringing thise
peointe into direst connection with the Four vertical
eulumns half way up the towers. Between the
vertical oulumng are placed four seta of vortiol
cress-bracings, the lowest of which alse assist in
carrying the internal viaduct af these points, and
horizotal braclnge at top bebween the b membon,

| A similar bracing in placed betwoen fop members

bt the top of the sentral ing oslumne and
the ?e:'tdluul contral Aes m:rrlllpn';tmhgnr\'iu ahove
Jeseribed.

All there members combined togothor form o
tower of immense strength sand weight, well alile
tao take up and resist the enormous stresses resnlting
from the combined influences of dead load, live
loml, snd wind pressure upon the tower ftself and
wpon the cantilevers projecting from it,  AH these
stresses, however, must ultimately resolve them:
salves in thise portions munedintely rosting em the
ciroular masonry piors, which are callid Tlilr: rhew-
biacks or main junctions. These junctions are the
gnthering poimts of five tebular and Ave lattiped

lers, aned as thoir constroction will be describad
in detail furthor on, it s ouly necessary to mantion
hare that they terminate at foot m s fint plato
cilled the wppar Ledplate, which b s arranged
that i rests en, and, in some cases, oan alide or
move on anothor bedplats, the lower bedplate,
which is fixed to the T,

The functions of thoss plikes in resistin
mlﬂ}'ﬁl’“ﬁ"r yielding L the wind- AT
in taking oy the expansions and contractions in the
contral Lowars are of so important o nature that
they have received n very lnrge nmount of care and
thought vn the part of the enginoers. The difi-
emltios were avoidod in the original design of
Mesars, Fowler and Baker, snd were consequent
wpon the midifications introduesd by the other
comaultis i, )

Tt Tiad been the intention originally to make the
skewhacks an absolute Gxture upon the piers, sfter
liaving given an inftial eompresiive stress to phe
horigomtal tubes botween the piers, also to clothe
o tubos inside sl ontside with semes nobi-con-
ducting material which would practically nentralise
the eifects of heat or eold upon them. On ore-
conshlarstion, howevor, it was decudod to only fix
o akewbaek oot of the fuer comprised in cach
picr, and to allow the other three to yiold toa limited
it well-dofined degreo to the inlluenced of Gem-
pemture, wrl b the lateend dofloctions prodused
in the cantilovers by wind pressure, and to some
degroe dlsn hy the heat of the sun.

t muiftivea for tho mommt to say that, for variomm
peasond, the south-cadt pler on Fife, the nortli-uast
ier on Inchgarvie, and the north-east pier on
Euuulmfﬂ'qr, were ehosen s the fxed pointe.  The
wrrangomenits of the bedplates, and the rorsons for
thess srmogements, will bo stated forther on o
eonnoection with the islons made for oxpansm
anud contraction in the main spans, and for distor.
tions produced by wind pressures.
* It will be noticed that the bottom momber in the |

cantievers is nob arched ov corved, ot polygonsl
il;_fim. enali |n;1.im: iri:m junetion to jumotio
ing & ermight loe and pesdng inte thy poxt
purtiigy with & nick or Kl J|.|ufrl freamn ths fact,
that & picor of straight tole s stromger e o bant
ant, some considerstion wis givey o the wanuine-
ture of the plates for these tubvn. - Had they boen
curved, nowly every plate wn thy ciroumicrenca
wilthl have had to be shapod o o diferont. die-—-a
diftieulty still ‘more incrised by the decteisin
dismeter of the tubs fram 12 B st the showlaek
bo tig it. al the end of the fourth bay, after vlicl
Eio s lier Tepomes ﬂﬂudl rectarigualar fis foem,

The top member, being always in tenskon,
straight from the top of the vertieal ealunis Lo the
top of the emdpest which cleses the  essbilever,
1t s earriel unimtermptedly through all the june
tinne with struts and ties, though its evoss section
i'lacmu.ﬂ-ul gradually towanda the potot of the canti-
ever.

The contral eonnecting givder consists of a top
eumprassion member, polygonal o fam, &
atrmight bottomn or teneion momber, with vight sels
of vertical erese-hracings to ench side, congisting of
strots amd tios, the strots being, a8 n the ;nti-
levers, provided with dingona) wind-bracings. The
top members are also eonnoctol by sixteon sets of
disgonal horlgontal wind-bencings. From the pulnts
of intersection of struts and ties a vertical lattics
tie is brought down fo oarry the bottom member
midway botwoen junctioms.  The bottom membors
are connected by salid plate pirders golng right
weross—Lhese carrying the il tooughs; sod they
wre further stiffencd liil dingonal T brecings sod by
the salid four of buckle jlated

The internal vindoct 1wrll'l'lcl:l cirries the permancnt
way of 4 doublo line of mlls sod A foutpath on each
aide, consists in the wain of two lattiee gimlers, set
10 fr, apart, centre to centre, and of varying depth,
peoording to the length of span.  Baoth top aml
Lrottam %rmma are beuugh-shapel, the top boonia
receiving the lopgitudinal sleoper and ralls. A
eross-baaring grder ooours about every 11 ft., anmd
upon this are laid the two funer mil-trougles, leaving
the B-ft. way between thon,

The wiain givders diffor in their eopstruction from
those in the approsch vimdoets, in =0 far ad they
have vertical strots and dingunal ties, They are
alse comtinnons and without beenk from the end of
ate eantiluver theomgh tha eentral tower to thye wnd
off the othor cantilaver,

A Boitpath about 4 ft. 650 wide on the cutsids
of each outer rail-trough is comied on braokets
attached to Loth to the top ad Dotbom
booma of the main gieders. The foorpaths ore
formaml Iy buckle plates, and buckle platon are aluo
fixed bobwesn the mudl-trougls and in the 6.t
way, thus making up n very stiff Bcoring. Te
bottom Looms of the mnkn givdovs sro conueetad Ly
horizontal cross-hracings,

Tt may be aa well Lo mention that the footpntha
aro to bo used only by the railway officiale.  The
traing are inte l‘.u{»c eun gyor the Lridge st full
spocd, and it would he neither convenicnt nor safe
to admit the general public.

The girders of tha internal viadoeot pre cprned
betwean tha vertical eolumng (and inthe ease of the
lncbpz?b:jpiur heotween the cantral vortiond tics) Ly
a plate-girdor reaching right aers, snd Ty vertionl
supgearts carried wpwards from the intersoction of
the first pair of vertical wind-Tmcings between
colummns, — The mane mede of mopperting the
vinduot is adapteld at the contres of tho first and
second buys in eantilevers, while st the ands of the
firat, second, and thind bays, sa alaost the contee of
the third bay, trestles, supporied by the bottow
ruambars, are armnged.. At the centre of the fourth
bay n cross-ginder carriei e viidived ghvdors, amd
after this, the bottrm member closely appronchin
the Hue of the vindoct, similar cress girdors are
with short vertical supports,  In baye Bvzand six
the girders are nbacnt, nnd tho eadl trougehs, stilfor bn
soption, are there earried by cross-ginlus and by
the dingonal wind-bracinge nft.-:rrmtmg!.

In the ceutil eommecting girders the il trongls,
na already mentioned, ame curvied by cobd place.
girders nhont every 23 1,

To onch sile of the intorma] vinduet n wind fenes
4 ft, #in. high, and of lattee conntinuction, i enrried
Troma omd to end of the bridgs, and on the approsgh
vindiiota,

The vinduct gindorn and mil troughn are cigidly
fixed to the cantilevers, and formy an asseatial part
of the Intter; alding considoralily to the stiliness

laterally of the bottom members.  The ouly lresks



oveur at the junctions of eantilevars with the ventral
pirders, The vinduet must therefors expurd and
contract and mevo in every way with the cantilovers,
and these movements witl be considerod presontly,

It romnine to montion tho yarious indnences to
which the structore or portions of it are Jikely ta

e oxposs

Eﬂi:p;miun and  eontraction by changes of
tempernture, acting in the direction of the longitu-
ﬂilmll axis of the bridge, nnd b0 some oxbont also
tramsversaly upon the eireular masoury piers.

2, Infltuence of the sun's rays to one side or the
other of the stroviure,

3. Wind pressure, acting at right angles or noarly
0 to Lhe centre line of the hridgs.

Provivioms for tha firet are made in the shiding as
distivgnished  from the fixed bodplates, in the
joints een the ends of cantilevers on Inchgnrvie

er, andl in the dantilever end pinrd at Fife and

Provisions for the seoend and third re made in
the sliding hed of the two outhr or fxed
cantilevers, and in all th‘:‘!tuinta botween ends of
freo cantilevors and ecen i . All thess
mavements ara horizontal and are conteolled and
eonfined within specitied linits,

The arrangements to moat thess will be dereniliod
in detat] further on.

The vertical deflections due to dend Jond, live
load, and wind pressure, whothor neting singly or
in combination, have aleesdy to some oxtent boot
dosoribed, and will bo further considered later,

Expansion jcints ars also provided in the ap-
proach vinduat givders upon every second pior, two
spans. being made sontinucus, the intermodinty
fixed joints belng, however, placed on sliding bed-
(it identieal with the mevable ones,

In tha two large spans of the cantilever bridge,
longitudinal wovemonts are only possible at the
Inchgarvia ends of the contral girders, the Fife and
Queansforry ends of the girders being fxed =0 far
ak - this movement is concernod.  Thess ooda there-
fore move with, mnd in the same direction aa, the
eantilovers upon which thay sre resting.

It has alroady besn stated that tho south.osst
cireular pier of Fife, the north-sast on Incligarvia,
and the north-enst on Queensferty, are the fixed
Emh of the stroctirn. The movements dus to

nfihn'lim] axpansion or contraction are controllad
andl Timited by thess fixed points, and extend from
them ws pivets to the yarious extremities of the
eantilovers wod  ceutral girdersa,  The lengths
affacted are as follows.,  (Mes Fig. 19.)

1. The Fife contml tower, 140 ft., plus onter or
fized cantilevor, 680 ft., total, 825 ft. n langth, the
expunsion of which muat ba provided for in the
north eantilever end pier.

2. Fife south or free cantilover G680 fi,,
lemgth of north central girder 350 ft., total 1
the expansion of which will
while the expansion of the Inchgarvie north canti-
lever, 680 ft,, will go towards Fife. The botal
amount. of movement o he provided for ab the
Inchgarvie end of the porth eontral girder where
thi two movements overlap, will be that due to the
ﬁxg\mion of 1710 ft, of girdars,

Inchgarvio eontml tower, 280 ft, plus Tnch-
garvie south cantilever, G680 ft., total 840 L., the
expansion of which will go towoards Uneensfurry,
whila the south centml girdor 330 ft., and the
Quesnsforry nerth cantilover 680 ft., make up &
total length of 1030 £t., the expansion of which will

towards Inchgarvie. The total movement at the
Fl‘l.lﬂ.‘lglrﬁi ol of the south econtral givder whers
the two oxpansions everlap, is that dus to s total
length of 9404 1080 =1970 ft.

4, The wovenumi between the north piers on
Quaoenaferry and the south eantilever aua.{sgﬁor is
due to the samoe length sz on Fifs, nam ft.

8o far na observations up to this time have gone
it wonld appear that the oxpansion or eantraotion
nmounts to about ylgth of an inch for each degres
uf temperature for every L0 it of girder length,
The chainges in teperaturs have, liowever, boon so
alight, and #s nesr mean temperature that the
figures cumot probably be nccopted as quite
eirract.

Assuming for the monent their correctness, the
movements would be, for 70 deg. of full range :

1, 3.61 in.
2. 1.8,

3, B.02 in.
4, 361 in

These figures oaly give about 70 per cent. of the

lun
L.,
towards Inohgarvia,
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estimated nmounts, and the poovision made st the
four points wontioned for longitudinal wovement
is more than double that given abave,

Conxexcumest or Wonk,

Boon after the suntract was slgied in Decoanber
1883, & start was made with the prnpnmlarjrm&
o work.

ﬂmnﬂ atoros as well ss a work hereafter
known s No. 1 shed, had beon ereeted by Mr,
Armol in conmectiom with Sir Thomas Bouch's
auspension bridge, and these wers taken i
of and eonsiderably addod to from Hme to Hme,

To enable the contractors fo meke an oarly starl
with the permanmt work, that s, the building of
the masonry piors, it wis secessy
tions of these should be fixed without delsy. A

. posaible, the eorrectness of the distancos apart of

the three principal stations on the centre line of
| this bridge, which had bean obtained by ealoulation
based upon the trinhigulation, a measuroment of
the mt!.ﬁo mn of 1700 ft. from the contre of the
porth cirgular piers an Inchgervio to the south
mBré:;llnr plors em Fife was made in the summear of
1854,

In u straight portion of the North British Rail-
way n distance of 1700 ft, had besn carcful
messured and marked and transforred to hi
poats at the side of tho eutting, Upon these posta
nutched Enife-odges wore plased st tho two ex-
tremitios, A fine steel wire abont 2 in. io thick-
noss wis laid along the v and dmwn over the

FrTL | | —— T L
i

knife-edges with & eertain amount of Atress put

that tho posi- | opon it, previcusly agraed upon. Thus drawn up
| the wire left & certain amount of sag in Lhe centrs,
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Fio. 20. Tenpokany

base ling about 4000 ft, in length was Taid down
along the high growd on the south shore, starting
from a point in the cantre line of the brldge, pnss-
ing nlong the North British Railway for some dis-
tanen tarminating opposite tho east breakwater
st Port Edgar. Along the breakwater a timbaer
grngway was eroctod, and near the far end of it, at
n distance of whout 3000 ft. from the base line, an
olservatory was built, Three poinks on the contre
line of the bridge, oo on the Queensferry shore,
e on Inchgarvie, snd one on the Fife shore ware
marked down, and their distances stated by the
Ordnance Survey of Groat Britsin, Various other
stations, about twenty in number, wera Inid down
ea roquirod, and by moans of thess o most careful
trinngulation was made and tho centres of the thres
madn piors finally fixed. lu order to verify, if
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FTAGING O TSUNGARYIE

which was careinlly mensured by lovel and noted.

Two nnrrow tags wers then (i, ko
mark the end points.  The wire was then coiled up
md kept y for use. The temperatore also
was nnted,

On the two shiores immoedistely tnder the plers
which marked the stations, places had been pre-
pared for levels, by means of which the amomnt of
sag in tho wire could he fixed. ©in a calm, cloudy
day, with the temporature sbout the sime, the
wire was taken across the north channal and lnid
down u]ﬂrm the prepared lmife-edges on the plers,
anid with the same amount of streas put u it,
and with the snme amount of sng allowed, the two
copipier auldere] on shookl have soincidod with
|ﬂaa natches in the knife-edges, providod the dis-

Lanion was dorroct,




It wos, Lowever, found somewhat shot, and,
althougli carefully tried seversl times over, the
result did wob vary.

Since the span {u been completed the meisurs-
ments made alomg the girdera have reduced the
error tooabout 1 in. in the north sy and i,
in the south span, both being shorter than iu-
tended.  The work of triangnlativnn was earried
out by Mr, R, E, Middleton, M.IC.E., and a full
recard of his Inbounrs s given in a pamphlet pub-
lished by E, and F. M, Spon, Londom, about two
yoars ago,

Fur soveral reasons the positions of the four
circular ite piers on Fife were firsl Gixed, and
soon the work thera wasin full swi Tho greater
portion of the old coastguand station, which waa
situated on the sita now pecupied by the north-east
Elnl!, had Lo be removed, and an entirely now station
uilt on the rock further Lo the ne and about
40 ft. higher. The rock extending over the site of
tha pice to ba levelled downto about T £, above
high water in order to obtain groumnd for lu;n'nﬁ
down plant, machinery, and materials. The ol
battory slip, the avciont landing-place for the ferry
boats which slopes down fmmnfh.wu lilgh watar to
n fow foct above low water, waa over with
an extensive and substantial timber staging, on
whieh cranes ware erceted for unloading and moving
materinl, nnd which alao served for landing the
workmen snd for mla:ﬁxnﬁ linrges and steambonts.
(See Plates IX., XT,, XII., smd XIIL) Furthor
inland, in convenient situations, wooden huts for
the sccommodation of the workmen and their
families wore erectod, to which were added, later on,
& canteen, stores, and dining and reading-rooms,

At Bouth Queensferry the preparntory work was
of n much more extensive charncter, il
hererisesinpidly from the shore b a.gndiunlj about
1 in 2 until it reaches an elevation of about 100 ft,
abuve the sea, and thenoo continees to rise with a
gentle slape in o sontherly dicection, As a groat
deal of level ground was required here for work-
elvopm, drill roads, and spaces for temporarily fitking
together g of the steal-work, it T Teee-
kary to level the ground in terrices. Thus the
geniaral lavel of No. 1 Shed 18 about 12 ft. below the
oftices, whila Ne. 2 Shed. is about § ft. abova thoss,
the drill roads another 5§ ft. higher, and so on,
No. 1 Bhed was considerably snlarged, amd Neo. 2
Bhed b vioe commenced, as wore also the dnll
ronds on which the tubulir iwenthers had to be pub
together and drilled. Further to the south still
s forty wooden huts were erected, together with
gtipen for the sale of food and chi:hir.\g,m and
groceries, and a cantesn with dining and reading-
TodmE.

To these were presently pddod sixtesn houses
substantinlly built in bricks for the accommaodation
of foromenu and members of the staff, and about
gixty tonoments at Queensforry for leading hands
anid gangers,

Next to the drill rosds a ter'sn and joiner's
shop was erocted with s saw-bench and » pattorn
shop, and & large drawing lofe, 300 fi. long by GO,
whle, with blackenod floor wpon which gizod
drawings were propared and full-sizod templates
windla for drilling, planing, bendinq, &K, of portions
of the sy woture, Telephonie communication
Letwoen oflioss, stores, workshops, anud:the Queers-
ferry, Inchgarvie, and Fife centros, was established
by means of a cable laid across the h.

O the west side, the grownd was bounded by the
North British Railway to Queonsforry, which hero
runs in a deep cutting.  Two temporary bridges—
girdors of the lfated Tay Bridge—wore thrown
aceoaa at & distanee of abont 200 yands spart, and
aa tlie progross of the work vequired further exton.
siond, ground was taken on ather side of the
lines, until Gnally botweon 60 and 60 acres wors
oocnpied by the works on both sides of the line and
right up to the Fdintwregh-rond.  All this groond
during the busy years of 1886 Lo 1880 wis coverad
with girder-work under construction, and presented
a striking sceng Loth day and night.

Dawn by the shoro to the sast of the contral line
of the bridge a sawmill was erected, and later on o
large coment stor,  The 'Qu;'unsjq jotty was
commenoed enrly in 1883, and completed in the
spring of 1884, shortly before the first caisson was
launched. 1t is o little ovor 2100 ft. long, by BO £t
wide, Tt runs parmllel with the centre line of the
bridge at a distance from it of 60 fe. to about
1 it bayoud the cantilever end pier, whence it

by o gentle § corve right into the centra
ne, snd terminatos in s sbromg crosshosd which
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eimbraces the four masonry su of the Queans-
ferry Pior.  Extensions of thia jolty were made
during the building of the foundations sod lower
portions of the approach viadunt g?‘l. but waore
removed again after the girders lind heen completed.
Lol ek o e e
honts, and s 1 r building matorinl was
made yound the nﬂi‘::rll]nvel enil rﬁw,!,nnd reminad

during the whole time.
The jetty is built on {)inl:f driven in the silt and
soft clay down to the boulder clay. Where rock

occurs, the oprights are soeured on levol points by
beimg balted to stout iron pins which aro sunk in
holes drilled for the purpose. There are six piles
mostly 12 i, by 12 in. baulks, sot in & row trans-
¥ ¥, three on either side Deing bound together
half-timber erows hracings on opposite ides and
the whole connected by a full timber crownhead aet
on top,. These trestles are sot about 20 {6 apart,
and aro held together by raking struts passing Il:rm.q:r.n'l
the Lop of one trestle to about low-water mark of the
next, Passing from trestlo to trestle are 12 in, by
G in, rolled joists sbout 25 fb. long, weighing 5 1L,
to the lineal foot; these nre set from 4 ft. to & ft
I‘[]u.ﬂi. nocording to ition, and transvorsoly on
these the planking 3 in. or 4 in. thick, sathe case
may bo, s laid, which forma the flooring. The
level of the top of the planking is about 8 it. above
liigh water. jetty was erected by means of an
ordinary traveller carrying an overhanging  pile-
driver, which set out the piles 20 ft. in ndvance
anid drove them in,  The uprights ware then cut to
level, the crownhead act on, the diagonal bracings
and raking struts fixed, and the traveller moved
forward on double longitudinals, The jolsts were
Inid down bohind the travellor and the Hlooring
made up,  As this mode of working did not pro-
gres a4 lﬁllit'm]]' a8 dosived, I.J.ﬂlu-ﬂ.ﬂﬁhg
was placod nenr the far end and worked ta ]
the shore. In the position of the jetty forming
tha T head, the piles uired to bw very long, as
the ave depth at high water was about 32 ft.
and the depth of soft mud or &ilt, some 24 ft., re-
quiring piles of from 63 £t to FOfL in longth,
splicead in Hie ondinary way., Pointed pile shoes
made of malleable iron wore fixed to the lower ends.
The shure end of the jotty was eomnected with the
under works by an inclined road laid on timber
trestles, the gradient being about 1in 6}, with an

iram girdor bridge of about 66 ft. span across the
Edi h- There was n single line of rails
and n footpath to one side with a coversd box run-

ning alongside for ing the i ERUG

‘pgs, and alsoa w]-%n i,r.:gm oW thuE;']:tf.j to

ueensferry Pier. incline was worked by o
wire vope, 1} in. in dismeter, drawn by a winding
engine on the top.  Dhown this inchine all mstorial
was saol which arrived by Narth DBritish Railway,
whether fuel, oil, or other stores or plant and ma.
chinery, or, ﬁnnl]y. steal-work which had been pro-
pared in the shops and yards.  Upeon the jotty itsell
& number of service lines were laid down with suffi.
clant room batween, to store immense quantities of
building material. = Along the enst two linas
wera Inid down which vonveyed all the material
coming dowi the Incline to three or four heavy
wteam eranies, by which it was lowered into the
the barges and cnn'rc_'.;"‘ed to the landing stages on
Inchgarvic or Fife, While the jetty was in course
of construction, Iaunching ways were laid down in
a whiltered h? about a hin yards Lo the cast
balow, and in front of, the snwmill, Thoy consisted
of parallel rowe of timbera, of sufliciont width to take

two coissons of T0 it dinmeter side by side. Th
wore laid to the naturml of the ground, whic
i8 here part rock, bus un ons

;:.!ut shingle, =
iomit of abiout 11 11.  The lamching waye wi

further raforred to in conmection with the uild.
ing of meolimuﬂa. = i e

nery an it of eve -

tion commancoed Enhw ko arrig omn the growml. I:I'a.
siding had heen laid down from the warls to Southy
Quaansf atation, about half o mile distant, and
snother siding in the cutting alongside the ghops.
Cranes were sot up in all convenient ysitions, awd
thus & lacge amount of material weriving by train
cotld be unloaded closo to, and distributed among
the different sho By this srrangement the
various pections of raw steel—whether plates, b
anglos, teen, or others—eould 6l onee Lo delive
nenr the heating fumaees or drilling or planing ma-
chines whore they reguired to be dealt with.

From this time forward for fully five yenrs, the
plant. kept on incroasing at an astounding rate,
most of it being of a special character, snd purposely

designed for these worka, The lat of the plant on
thi warks towards the end of 1888 is 0 voluminous
document, snd bs coprosentoed in the secounts by o
vory Inrge sum, not far short of half & million

sterling
Inshgoreie.—The leland of Tichgarvie, which Pro-
vidonoe has 8o kindly placed in the middle of tho

Firth; in a aof whinstone rocl, about RH it
long at high, and 1500 ft. &t low tida, snd on
an average nol more than 00 [ wide alowo
water. The castlo standa on tho highest part of
the rock about 40 ft. above high wator, and the
siuare keep s about 30 fe hJ;é’li of the top of

is the wind gnugea are fixed. The distance froin
In in to tho Fife shore is about 1600 ft,, whils
to: the Queensforry shore il is rather more than
double.  Although owned by the Dundis family,
whose seat is in Linlithgowshire, tho authoritics on
the nirth shore claim it ss belouging to the County
of Fife,

The castle was built some time sobsequent to
1400, on the 20th of March of which year, King
James IV, of Seotland granted a license to John
Dundas of Dundas to erect s fortress om the island
of Inchgarde, sinco corrupted to Inchgarrie. The
objoot was to afford protection to all shipping peek-
ing rofuge from the pirates with which Sm North
Saa aeems to have boen infeetod in those days, and
for giving such E‘ntoctinn, Dundas was nuthorisod
to levy u tall of &, per top. . Ome of those pemons
without belief in the good old days has snggested
that the Laird of Dundas not only kept & garrison
on Inchgarvie for the protection of the shipping,
but that ho alse provided the pirates in the guﬂ
Boa for chading them up the ¥irth ; though with
regard to this both history and charter are silent.

The four eiroular piors arn situated nt the westorn
extromity, whally ﬂ-l.l.{'mm'gud at high water, although
a broad ledae of roek is nonoovercd hy the tide oo
low wator, This portion of the fsland is eallod Craig
Syurry, and upon its north-westorn point stands
brick pier, about 33 it Square, and about § it
ahove high water, the enly picce of permanent work
budlt in eunnection with Sic Thomns h's gigantic
suspansion bridgs, Upon it was erectad, some three

agn, o lighthouse with a revolving light giving
mu abouk evary five seconds, \'ini?ﬂe Jfar wany
milos both up and down the Firth,

A apring of fresh water was said to have existed
on the island, and some 40 ynrds east of the castlo,
a suare woll, portly eut vot of the solid rook,
pnmj formed by a brick wall, was found. 1t was

umpeeid out and carefully oxnmined, but no bore
e or other inlet conld be discoversd, and it
proved to be zimply a storage tank in which the
rinwater from the everlying portions of the sock
eoliocted,

Un Tochgareie the first work in connection with
tho cantilover bridge was eardod oot in the
arsotion, doring the swumer of 18482, of the wimd
gﬂu‘ﬁ; on the top of the castle, and already de-
scribed,

About the middle of April, 1883, the construction
of n landing stage was comotiosd, of iron ginders
and iron columoms pinned to the rock. At the sune
time the square Lkeap of Lhe castle, sume out-
buiklings, and the whola of the battloments, wora
roofod in to afford space for the most necensary
shops, offices, and stores, Lo which was mided later
on, & substantial cottage and a kitehen, and sleoping
aceominodation for minety foreipl workmen ecou-
pied in the sinking of the poeunmtio caissone.

All over the west and of the islaml, tho roek
wis cut down to the peneral stagelevel of 7T it
above high water, and as mnch uid was
up as toukl be obtained, by flling up with the
ddbris of oxcavation and of removal of rock
Bome 100 yards of sea-wall had to he boilt asa
Emm" aygainst tha heavy broakera rolling in

romn the oast; aind every squnre foot of space thus
amoed was of great value thoreaftor; whon an
mmonse amount of material regoiced to be stored.,

In tha Aet of Parliament anthorizing tho erection
of the lwidge, the whole of the islam] Jmd bovn
inoludid in the Paclismontary limits, but af first
only the aeen within the four clroulsr wssonry

iers, and n reasonable amount of ground for work-
ing purposcs wes acyuived, 1t wos soon found that
thie was quite insufliciont for the roqoiroments of
the works, and notico of compuleory purelnse by tho
Forth Bridge Company, wns given bto the projpricor,
Tha matter came to arbitration aid wes sottlod in
1884, A sum of 15000, had beew paid to the pro-
prictar for the right of placing four mesonry supports
an the {stand, and in terms of the arbitmtion @



Jurther sum of SR00L, wis padd.  The island 3 now,
therefore, the property of the Forth Bridge Rail-
\“.f- 1.'-1:|||'|1l1l.1{l.m:I

- having 1 eofidered adeizable to cover the
whole ares between the plors with staging, & com-
thencmpent was mude without delay.  Owing 1o
the nature of the hottom, which wia all solid rock,
e sl ok S i

ox weition, 1o make this of iron,
and oot of tilmbur, The aree of this u.tnngiug nlti-
mately amounted to more than 10,000 square yards,
wnd the weipht of ivom weed in ita conatraction was
botween 1100 and 1200 time,  In view of tl\il |lt$
expenditurg for temporary purposes, il was desm
rigt- o procesd m[:;m eystent in the laying out
the mein ling of ers, As the horizontal
tubes, the herlzontal girders hotween skewlucks,
and the double cross of diagonal horizontal wind-
bracing, reguired to be earried by the staging before
they evuld be comnected with the skewbacks and
rivetted wp, the main lines of the inm girders of
the Bhﬁginﬁmfulkmnd the contre lines of these
et romaining opaces being fillod In
:ul’tiniantl{ﬂmmg to carry any welght which wi
likely to be put wpon them during the erection of
the superstroeture.  As thin stiging stood well the
viry severe tests to which it was a-nhj]ccted from
various coused, and only yielded to a slight extent
in places where it had beon absurdly overluadod,
it may not be amias o give a fow particolas s to
ite eunstruction, shown in Fig. 20 )

The upright colomns or supports eonsisted of
four anglo-hars 4 in. by 4 iu by Ping, Limeed together
oy all four sides Ly double erosshars of fat section,
3in. by §in., the colume being 2 ft, sqiare. A
eqst-iron slioe, to which the four corner angles wers
balted, formed the foot of the column, and 1t had »
large boss in the contre with o 4 in. rewnd hole
througl which a pin was passed going inta the Tock
to & depth of shout 3 ft.

The Tongitudinal main girders wers 5 £t in depth,
and conslsted of four os Gin. by 4 in. by }in.,
t'n!':l in the b-.vt.hunhdhuu‘:l'l: and two I gh; top ﬁmg.
with W ot ween oy t. T
ntucﬁ;‘rjtthﬂ dingonal bracings, w?mh w:u!mana]m
G by 3in. hy}hin. placed altornately on one
aide or the other, The girders wora carried by, and
bolted to, cross-angles attached to the supporting
columns.  The girders carvied safely o distributed
o of alaonat 0 cwi. ko 7 ewh, par squarvd foob up 10
30 ft. clear between supports.  The columuns
were arvangod in olusters of four; Torming n squas,
tha sides of which were 14 ft. takon at the centres of
columis, and such clusters werm J'rhmuli fmmedintely
under the points of intersection in the girders of the
structure overbasd, or in fact in any place whara
munch weight hnd to be carried. The four oolimns so
ﬂﬁad wore braeed to arch othoy by erosses of Rat

of heavy section 31 in. wide by 1 in. thick, the
centre of the cross heing formed by a heavy ring,
the flat burs terminating at that polot in 11 in
roumd with & thrond out apon them which pessed 1nto
the ring. By a nut on either sidy of the ring the
flat har—the other ond of which was bolted across
the dolumn—cuuld be tightemed or slackoned as
desired, Two or three sots of these bencings,
sceording to the longth of column, wore bolted o
aach afrﬁl& fonr sides of the clustor;, the lower ones
ronching {n most enses to within a foot-or two of the
bottom of the column having to be puten by divers,
Generally speaking thess clusters ware d abuut
evary 43 I, cantre to centra, and for intermediate
stippocts, whers neccesary, single columns under
i |ngda'r wern oonsidered sufficient, and those
would recelve transversely a padr of angle-ivon oroas-
Lracings botweon high-water and low-water mark.

The longntudinal girders ron theough tho uprights,
spaced 14 ft. apart, and they wore brasod latorslly
aLl.mt evory 26 ft. by a pitr of orom-angle hracings
earriod froan top boum on'ono slde o bottom boom
on the othar wide sl vice reruk

All the girdors were mude in rogulsr lon of
Lirs, brvaking joiud at 3 B.; they wers marked by
Iezrhtﬁ mnd pmnched, and sll 1m’taa:m||¢ thiose for
st laneths wore interchangeable, Allholes wors
mnchod for §-in. bolte, The givders woighed just

b owt. por fook lneal, ineluding sl broctuge, thio
avluiwna ahout 4 b per foot lineal, inchading bolte,

The whole staging wis arected by ovarhinng with
turriok crnes in thie following way | Swrting o s
olwator, the pext columna forward would be lowered
till they pwsarly touehed the ground, the dive
would then (escand and examine the bottom, select-
ing u wenrly evel Lit, o otlierwise dresing the rock
roenghly. & few bagrof cuncrete were thon lowered

(14

to him, with which he made the hed into which the
eolimnn was oIt wen then stratted by ome
or two light battens to the alveady fixed work, o
4-in. jumper lewered in the cantre of the eolumn,
and W hole fomped by mecos of o spring pole some
50, bz, Fhe jumper was lywered throngh s tube
44 in. indismeter, whiah fitted into n socket left in the
cnst-iran shoo st thebattom, und scted na gnide.  The
hole was jumped about 3 ft, to 3 ft. Gin. deep; the
Junpor was then withdrawn, snd o wrousht-iroo pin,
4 in, in dismeter and b ft. hmg waz dropped down
the tube,  The latter was tlien lifted up, and the
diver ilescended to ascertain whether the pin lad
well entercd into the reck.  When the colmmns
were fast, a | of girder wan laid upon them an
each side, anil the crane advanced another sectinn,

Agress the longitudinal glirdors, 12-in. rolled joists
weighing 506 Ib, to the lineal foot were lnid, boing
21 it to'25 ft. in Jength, and therefore overhanging
the girders from 3 £, to & . The jnists were
Lolted to the girders by hook bolts aud ordinary

draw-washers, and were spaced B £t o Thae
decking eonaisted of 3 in, by 9 in. planking, bolted
ta the io{;u of the rolled joists by bolts and
draw-washars undertieath,

The staging, as fiest projected, wus commaneed in
the sutumm of 1883 and  fimshed before the end of
1884, but additions became necersary from time Lo
time to mecommodate the lmmense guantitios of
material, and at times the 10,000 square yards of
staging were found quite inadequate to meet the
domnda wpon it

All portioms of the img whicl hind bo be need ns
Innding places for materinls—and of soch thare were

a good many—had the iron colamms strengthened | shift,

by bolting ou heavy timbers, with haltf-timber
Fendaring upsn hat for wear and tear,  Horizon
timber strots weee also sat up agninst the backs of
those ecolumns, to guard them against bending in
by the sction of the boats and barges upon them in
rough weathir,

y the time the staging was np round the north
piers un Inchgarvie—these were alvendy well for-
Wﬁwmﬁzmnh had to be made for the re-
ception of the two Leavy eatssms for the south
piers, Facing the south, therefore, two semi-
cireular ojwnings wers laftabout T3 ft. in disweter,
an_extrs number of columns ware placed in the
half-eircle agwd well braced with the others next
Bahlud, and the whola row of eolumns betwsen the
north and south piers, on either sida, were jui:nar.'l
tugether al about low-water mark by & confinuous
line of double angles to take the thrust from and

ive resistanes Lo any I‘I.v-.-uihln.u bumying of the
vy caimona during the time they required te
romiin afloat.

Monnwhile plant and machivery were sont here
a8 to the other centres, a number of offices, large
wirhal storea and shelters for the men were
built; slee engine-hotsea for pomping onginm,
air comprossors,  hydenulio accmmulators, o
light machinary, aml muoch more.

Trixsrony Axn Disvrinttios oF MaTEmiaz.

The supply, the transport, and the disteibution of
bl mlt-nrlma necesanry for the milding of foundations
and plers containing some 140,000 yards of masonry
and alwo of some 60,08} toms of stoel, sl 4 mora
than equal amdount of temporsry applinnons, was no
mean task, and required exarcise of muah
onorgy and skill us well as tact nod patience, Eor
the work wis cqually prossing on all points, snd oo
one liked to be left behind in that great e for
At ey,

Of the building wateninls, gronite, Arbroath
rubble, and sand wers hrought Ly water, snd could,
therefore, be wnlomlod &t the various contres whara
required ; 80 also could rafta of timber i baulks
aml plinks or bottens in barges, aud in some
Ingtances of coal or ecke, but all the other
muterin] bad t0 come down tha ineline, and for
these the jetty at Quecnsferry was the main eontro
of eallecting nnd storing, s wall as of distributing
tor tho other jotties.

{al | that the men livin

| numnber of ordinary rowy

Fer the general service of conveyingthe workmen
Erom or o, or hotween, the ditfervnt main coutees,
a paddle steser was fiized for sume tima, which
was aftevwards replaced by one spueially built fur
these works, and enpable of carrying 454 men 8t &
time,  Tha stoant barges, which were decked bver,
and the steam laumohos, wero aleo usod for the same
purposa, as well as for the servico of the engimeers
i other uitlcials belonging to the staf.
bimts weore nlee kept in
use, i of them, manned Ly 1.1':;-3:}1"::1 watermen,
being attached to each cantilever dor the purpose
of saving life, should any inan b unfortunste
epough to fall from the ercotion.  As 8 mwatter of
fact these boats saved ub least elght liven, and the
saved fully B0 onps and othor garments whic
the wind blown off the bridgs.

Hoon after the works had got Into full swing it
?'aa m::dt.h%t :‘lt:; Tﬂfmw ﬁmn:#upu;m-

W o o i wining
'ngf]:;nq was Lotall ilmﬂaqm for the nunibor
workmen cmp]nymi: and wrrangoments wore niade
with tho North British Railway Company bo rumn
trains hetween tha works on the south side and
Edinburgh, and between tho novth gide awd Tover-
kelthivg and Dunfermling,  These wors all apscial
workmen's traing and wers run at mercly nominal
faves, the price for an Edinlurgh weekly ticket Loing
20, or 24, for & vun of over 13 miles,  The Dun-
fermling Hebots wors about lalf that smout,

Two tiaina wern tum in the morning, close
Eollowing one another, and two brains at night,
teain bringing o nuniber of men going on their
alift, and talung back those who Iﬁu’miaﬂ thair
Some time later the traln sovies wos
extended as far as Loith, 1t is worthy of remark
at Lelth, and there were saveral
loumd liad to lepve their homes at 4 A7, in
drder Lo be st their work st 6 and they woukd net
on their return in the ovening, reach home again
before T o'elock, yet they pweferped this to the
other alteroative of living in the overcrowded
rockorvics of the neighbonrlood.

In the summer time o steambont sorvice was also
arranged  between the South Quoeensfirry Jetty
anid Loith, vid the Firth of Forth, calling both waye
oni Inchgarvie, and s5 long as the wentlier was
favouralile, this was a most. enjoyable, and surtainly
healthy trip for the tired workmen.

On wet and stormy days, whon the nies lod to
lonvie work owing to tho weather, thess trains wore
often telegraphed for, to enable them to retmn to
their homes, instead of keoping them till nightfall
uml]m'l.rinr tham Lo the Lander moereles of the publie-
houses, of which thore wora in this plea, as in
many others, far too puny,

Anit was mot possible to so srrange that the work-
maon living o the south side or north side of the
Firth respectivaly, ahould be working on the same
gida, and as the fu:hgnwin miom also Delongod te
both didos, it vequired uita & Hoot of steuni:
bonts  and  bargos b0 convey the men to the
polnts whonee thelr trains started, the more s
a4 thin had to he done within o very short timn
after work had ceased.  In lwel weathor, ot
during fogs, and on dark. momings sl nights,
the transport of many hundeeds of woh—sonn nig
linndred working on Inchgarvie aloue at one time —
was n subjoct of onoesing caro and anxioty to thoso
in charge, for' in addition to the dungers provided by
the alomenta, there was alwave s mumber of unruly
and rockloss mon whose conduet enught mishap
and injocy on othors as often as on thamaolves.

Laiiprsa,

Thy efficient lighting of s lage s working
nred, changing overy duy almest, having not only
to bo owrrbul  forwosd with the work, bot alis
upward amd in all direotions, was n task of eou-
sitlerable tinguitades, and of the grestest -influsies
upidi the mte of pogeess, 1t is pot se much the
lighting of the wotual apot where work s procsodig,
but that of the appronches to these points;, mnd of
Ehe ipeessory places, sich s sbores, esgine-lhooses,

Tha steal fur exection, after it had pasad through | workahops, jetties, aud lnding-places, which rums

the shops nnd had reeoived & conting of boiled oil,
nnl its distinguishing markings both (o typing and
stencilling, was pussad down the ineline on trollics
?ml_chl-rgml fabo o Lurges for gonoeal distyi-
Mt

Fer the service of carrying materinla wers pwo-
vilaal, Eour mienm Jnunclies for tho Light worl, wnd
oight large sboun barges, with & number of ordinary
barges ur lghters, which wers towed by onu of tlie
lanuches ar barges.

wway with s Jarge s proporkion of the total Hlumd.
HREING [Her.

As'p 18 the nature of the lights it was to ke
oxpectod that & kem vivalry would sovdng up De-
twoen the varivss eystems of Tighting.  houth
Queensforry hins only o snid]l supply of gas, and tht
at the rutuons vate of fs. &b por 1000 cubiv ook ;
this mode of lighring wes therafore out of the
tice.  Eloctricity was at once resolvod upon —are
lamps for the shops, and outdoeor work, incan-
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ofticen, st fitting-shops, and ' excellont Light to work _
i:::ﬁeﬂlrmﬁiu}t“m :rern‘:.:l::uaed i|s|. the caissons fine wire guned or & second plobe the power of the
od of imuiense | light i3 serivesly impeired, aud H left unprotocted,

i ater, and
:ﬁduﬁ;:l:ﬁﬁf wThu %nﬁaﬂn t limpe were | ke smnllest chip of metal, ur even of wood, thrown

enerally of 10 candlo-power, hut within the lust | ngainst it, suffices to oause fracture to the giube and
#ew m:{. lavaps with [mruww up to 500 eandles were | extinction of the light. :

nan irular purpdosan. Except in special oases, where the work &4 com-
The arc lights were of 1500 to 2000 candle-power, | fined tn & comparntively ammll aves, the writer s
and though overy eare wae usod to obkain tho best | nu hesitation in saying that, in the work of outside
earhons i the market awl to keep the maclinery | erection, under the best conditiona of lighting, and
going with the utmust regularity, these lights were with every care faken to give the men confidence
always unsstisfactory owing to the changed in the i getting ahout thedr job, the amount of work dome
calonr of the are and the illuminating power, the |at night will not exeeed 50 per cont, of that done
fare nmd ficker and the blaek and nu[muh'nhlelin daylight. As a consequence of the lighting of
fhndovn thrown by their own framework or by any | the piers st various points and heights, and changing
iitervening objoct. (enerally they were arranged thess almost nightly, according to circnmstancos,
its clreuit of 4ix or more, and acmetines g many as | there arose a groat deal of confusion to the shipping
twonty-one, and the sudden extinction of s0 wany | guing down or coming up the Firth, and it must be
lights caused by tho comparatively trivial fact of o |conpaded that em A dwk night, when, for soms
l:ﬂt alipping or a jnuumrd heating, was & source of |reason or other, wirk. was not earried on
inoonvenismee and much danger to the men working  one of the main piers, it waa difficalt st the firat
out on the erection, for while standing one momant | glanes to know the exact position of all the piers.
in the dszzling ¢ of these lights th were | Un mooh o night, with s ht mist on, the captain
sometimes suddenly called npon to use their eyes|of a tug-boat, coming down river with a hargoe in
in abeolute darkness or sit lt['lL tow, mistook the lights en the Fife erection for
. Whore the electric light came in as & great and | those of Inchgarvie, nud steored his ship straight
Yasting Loon waa in the lighting of the iuterlor of for the hamlot of Korth Queensferry, ch was
the air chambers and air a of the large punen- hidden in the mist, He perceived his error in time
matic catssubs while in the process of sinking. The | to back his bost out and slip the tow-rope, but the
ahsenco of all smoke or hith dve to oil lamps of  bamque continged its eourse and did considerahls
“whatever description, the facility with which they 'damage to ftself amd to the lunding jetty, It is

INCH -GARVIE N.W. IRON COFFER-CAM,
Section threugh Shield
showing mods of making joict to Raok
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EEARING OF CAIRSONS ON ROCE FOUNTATIONS

: or taken: down, | true that & glance of Lis compass would have shown
wng of inenloulable ady places  whero | him thet s novtherly course instead of an casterly
breathing even the air was a task of some | conld not be right; but it wis o consequence of
discomfurt and difficulty, and here, therefore, the |this mishap that it was decided to ercet a light-
eloctric light reigned suprems, bLouse af the nocth-west corner of Inel ie with
- From tho drawbacks mentioned abiove which |a revolving light giving five-sccond ﬂuﬂm This
abtachod to the wlectric are lights, the Lucigon |light is at an eleration of abowt 30 ft. above high
Ty which were ulso in oeed bt am early | wator, and oan pasily be seen for twelve milss up
period, wore entlrely free, though their short- |and down viver,
comings cannot be overluoked. ere-con be no|  Aa rnﬂ.lﬂi the cost of Jighting, it wia not eway
doubt, that for general work of erectim they are underi eultur citoumstances of carrying on the
the bust for light, the simplest to keep in order, | work ai t?s bridge to make comparative trials
wndl the casiest to nttend to, The disdvantages of the lights At first the halince was much in
are that they sre diflicult to keep cloan, as n good | favour of the Lueigens—the ofl costing only Jd. to
deal of the oil escapes unowwsomed, espocially in Al pee gallon, bt as the demsnd rose 'so did
hlgh witula, and covers .Fi“lﬂ"" and staging with a | the cost of the oil, ond ultimately it was diftlealt
thick eont of shimy oif, making them slippery | to obtain it at four timea the original price,
and unsafe, It is aleo difficult to get the crecsete!  Rlectrie light installations, consisting of steam.
wil yaure anal freo from sand, grit, end water, wlich  ongines anid dynansos, wewell skt oogsensors For.
bpurition cause the goall pessiges for the oil to | the Lucigen lights, were put up on the Fife shore,
vhoke, while the list froquently extinguisliea the | at Tnehgurvie, i tha Quoensforry Jotty, and at the
light.  Ch the other hand, 1t is ‘s enily ahiffod as vurkshopn abuve, the lstter being, of course, hy
ﬂ: ﬁ,ﬂ“nh and bs not nearly so fragile or apt m'&rtha must fmportant.
ol During the val years tho ArTHIge-
Large incandesceut lunipe give o stendy snd most | ments rnggu.imi B Bﬂ']ml‘&tﬂ amﬁﬂfnfm a largs

ml;.'lt.'l be moved, changed, ull
m&‘a n

, but iF covered with ) muubir of bands were kopt poing to atterd to the

lamipes, ihe dynamo machioes, the cables, aud other
eomnsctions,  The conductors vanied in sige foom T
atrands of -.\;10. 18 gaugn w'irln to- 19 t;[md; of Mo
10 gauge ; thoy wers supplied enara, W. T.
Glover and Co., of Sall =

Marerrals oF CoNasTRUCTION PoR THE Masonry
FPiena,

I wak laid down in the apecification to the con-
truct, that all I{nrium. abutments, and arches wore to
bo comstructed of consisting of a granice
facing, the hearting being of comerets or of rublle
mn.ﬁ.rnrjll;. The stipulations as to the quality of the
stone, the amonnt of facing and dressing, and the

uality of coment and sand, were of the vsual
:imupthm in eottracts of this kind.

Fronite.—All thg granite for facing—whother
rock-faoced or dressed— was obtained from Aberdoon,
with the exeaption of the large coping-atones, which
Wi between 6 tons and 8} tone esch, wnd the
necking coursex  immediataly helow the coping.
Theso were of gronvite and wose deessed,

The granite is grey in colour generally, and of
viry handsotne appearance, with some slight veins
of red granits running through, which; however,
rather add than detract from its nf?emlme, ’

The granite wasx hrought, roughly dressed and
squared, in specitied eourses ranging from 21 in, in
thickness down to 16 in, and aleo specified oa
headers and atretchers, go as to form proper hond
with the hearting of rubble masonry or conorete.
Coming by water, the stone could, of conrss
bo delivered at the respective centres st unce.
The ite coping.stomes were 4ft, G in
depth, not less than 3 6. W width, wnd set oot
alternately as headers and atretchors. The eapping
—that is, the slightly-corved crown of the poors—
waa et ol After the coping had boen bu.ﬁt, amld
the correct measure of every stone was sent bo tho
yuarry nvar Aberdesn, each stine heing numbered
and marked.

ribble Work.—For this 4 very lisrd fnl-hodded
and easily-aplit freestone—in colour from reddish
uchre to purple grey—wss brought from Arbosthe
1t was hronght in Ilocks op b0 4 tons each,
and in thiekness from 3. downwards, biut it coold e
aplit with ease into slabs not wore than an inch thick,

Whinstone blocks, roughly levelléd on two sides,
wore ‘alse used in robble work.  These were ob-
tained either by quarying in the open or by the
excavations for the piors. ‘

For band enurses in.all the visduet and the canti-

lever euﬂ&cm, # hard freestous from gquarries in
the nuigl:1 nrhood or extra large whinastone blocks
were nsad,

All the rubble could be abtained at & cheap rate,
uwirﬁ‘tu the inexpensive mods of tmnsport in ships
and the facilities of nnloadiug <lose to the pior,

Congrete,—For making conorete the whinatone
foumd hoth on Incligarvie and ai North Queens-
ferry was exclusivaly wsed. A nomber of sbone-
:ﬁmtaknrulmn not “F in the last-namod loeality,

re A uantity of ahipe wera avadl-
able n.mll:ﬁ-;] st hand, q&mha l::lr,:mhm Wera
ilnced in comvenient positions for charging the

ken atone into barges or iron skips for transport
to the other centres,

The broken metal we! pussed over soreems to
ubtain the reguired size for different purposes,

The concrete waa mixed dry frst, aud agaln after
the addition of waoter, either by lund, or, if re.
quired in very large quantities, by a very offitive
wixer of simple construction,

The conerete wsed m open foundations, in the
esissons and is hearting hehind the granite facing,
diffired somewhat in ks eompwosition aooording to
prosition ; bt generully speiking the o of
gement to bro stone waa not loss than 43 cubic
feet to the yard of stoue, nor wore than 6§ cuhbie
feet to the yard, an equal wwonnt of , - OF B
alight execsa over and above, heing sdded.  These
quantitics were congidered as mmking up one yard
of conorete,  Boch concrete had & resistance to
erushing of 50 tons per sguare foot, and 5t weighad
about 37 ewt. to the oubic yard,

Freped.—Bome diffonlty was experioneod o ob-
tafning good sharp sand. It wna fooned in Jaopge
spustetition un Both wlioves of the Ficth within half p
mile, but ohjoctions to ks removal being mised by
tho (vpristors of the foresliovss, it became ncos-
ey i send stoam down the Firth te
Kinghom and Pettycur, a distanes of ten o eleven
miles, where the tide lay some banks dry at low

water. Owing to the barge having tu Le grounded



DETAILS OF SOUTH APPROACH PIERS
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over a tide, & good deal of tHioe was lost, but there |
wad no charge for the sand.

Warer

Fife.—On the Fife shore the water vequired was
drawn from the wains of the Dml.fnrﬂ"um. Aber-
dour, and Turntislogd water gapply; but this sup-

hoooming searce, the eomtractors were obli

}.u constriwt & storpre tank above North Queons.
BTy,
Tncligureie.—As already stited, uo waler was
found o Incl ig, nnd, after some triala with
comdensers aml filtors, 1| was decided to use the
lower & It of the holds of two of the steam
barpes nn water-tanks, A large water-tank wes set
up om I e, aral the water wus foreed from
the holds of the steam barges into the tank by
means Of pulsomecters, the latter being worked by
the stown of the harges' boilors.  ‘Thoe wabor was :
taloen from either the North Quoensferry or South
Cusoneferry wpplf. and this work was generally  Drinking water was suppliad to the people
perforined during the night by one o bwo barges, | Inchgaevio B i boxes encased in I'ul)tll. Tinslebinnge
Lthere boing thus a steamboat available all night in about & cobic yanl—the water being always takoi = —y o E
o of coergencicy, 'from the Dunfermline mains for this purpose e e il ek,
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Houth Queengferry.—On the south shore the
water was deawn from tho pits of the Dalmeny
Shale Works for boilers and other genoral pur-
ll:“m; but it proved too dirty, and scone rough
iltor-beds of gravel had to be constructed to pass
it through, Thonee it was forced by pumps to an
overhoad tank set about 00 ft. above the level of
the wirks aml shops,  This water was conductad
in pipes down the incline to the jetty, and, in
varons leads, all over the warks, For drinking
purposss ancther supply pomped from the snnd-
stone was availahle; “but it proved very inter-
mittont, nmd st times failed sltogether. In the
sunimers of 1888 and 1887 o watur faine occurred
at Bouth Queensferry, and this was met by the
puntractors placing large iron tanks at the town
Liartiour and sending a steam harge down the Firth
to a placo called Starleyburn, seven miles away,
whers a plentiful supply of water oould be got.
This was forced into the tanks, and could be drawn
npon by all free of charge. In 1887 the united
parighes  of Kirkliston, Dalmeny, and South

ucensferry arranged for & sopply of watler from
the Pentland Hills, and this new supply i both
plontiful and of frst-rate quality, und lus been
Tunniig sinee the summer of LERE,

CiMENT,

The ecoment used exclusively was  TPortland
cement  manufactured on the Medway. Thia

(

throogh o sleve of 400 meshes but retained upon

|nnenl MK meshes o the sguare inch (20 divisions
{and 30 divisions to the lincal meh). About 10
prer cant, of water had to ba added, and briguettes
| made, which were tube put into water after twenty-
four bt and remain in water, twenty-five days,
when they had to Lenr a stresa of not lesa than
170 M, without beeaking. For briquattes of neat
cement the lireaking wtress aftor four days had to
e mot Jess than 300 b, and after seven days to
be not less than 400 1. Jer square inch.

A few tong of quick-setting or Reman éement
were nscd in malking good the joints of the circelar
irom cofferdams or calasoma for the Inchgarvie
north piers,  This eement is not very strong, bul
if the joints sre well packed with bags of alay
puddie and loaded with stones they answer tho
purpose of kesping the witer out for o while. IF
all tinne are made beforehand, Homan
ecment cani bo used in u plastic atate, and is thus
vary useful bo divers working under wator; but all
the work requires to be done very quickly.

Mortar.—The mortar used in the magonry was in
the fm:prrrtinu of ne of cement and one of sand in
the foundations, where rubble-work was used, and
one of cement to two of sand i the piers. The
painting in the joints of the granite blocks was done
N puare cemant,

Of the other materials used, except the steel, (L
may beas well to state here that timber in haulk

17 )

nlso oame by water, but required to be stored for & | was brought from Grangemouth, ten miles up river,

Fio. al.

! hillsido was commonsod mamewhat lator at level 92 fi.
nbove high water. All the piern on Uhe File side
ara founded on the solid whimstone tock, with the
oxception of jiors 12 and 13, theee Deing partly on
whinatone, parlly on freestone. All the 1.-&1;&1‘
| piers b

| ruck nfter

on land no cutwatire wore boill. . The
ing cleaned and examined, and worked
' :ru_uﬁhhr into steps where nocessary, waa levellod up
with eonerete and a bed of conerete Tnid oo foom 4 £t
| to 11 ft. in thicknees-—this bed projecting all round
the granite masonry some 2 {1, ﬁp-un this com-
erete foundation the first course of grapite wae sct,
the form of the piers being rectangulor sod the
eurvied batter of the pier starting from the bed,
{Sec Plato VIIL) Piors 10, 11, 12 and 13 were
built to level 37 £ alove high water, snd laft,
pending the eonatrootion of the pirdar

| GENERALLY AROUT (JOFFERDANS,

| In the description of the pior foundutions,
| freqquent wse 48 made of the torms caisson aod
coflerdam, and to thoza mot conversanl with
foundation woerk in water a ghort explanation
|may be aceeptable. A cofferdam or culsson mmy
| be described as an enclomure in walor for the pur-
e of laying dry the space enclosed, or, at any

rate, of preventing & flow of wator through it In

soft ground this is done by driving a donble row of
[|+1Im ab i distunee of from 2 i to 4 it from each
| other, and by eontinuing to drive piles batween thoso
| alremdy pliced doubls timber wall exists all

until a

Ba#T USED POH BUEVEY OF FOUNDATIONS,

cified number of days before it eould be ueed, | where it was rafted and towed to the works round, Sluice doors or yvalves uee pliced 8o us Lo

e gontractors purcheased an old  hulk—ealled
while in s prime the Hoougoment—in which ten
to twelve hondrod tons could be mulil{:hmd.
It was moured off Queensfierry, and the ships
bringing coment from the south wers moored
nimu;n.ili and dischurged, From. thin ship the
comont wns bromght ashore snd sbored in sach
qpinaititica na might be required sl any tme,

Subssguently the Hougomeont was moored close
ta the west gide of the South Queensferry jetty,

anil thus s more direct and speedy commutication |

established. While the eaisaons were being sunk
nt Queensfurry o Targe numbar of foreign warkmen
wirg lodged vn this hulk, and when, shortly
after new year, 1880, an epidemic of small-pox
broke tut at Queensforry, the alip was towed round
inte Part BEdgnr, and moored in anisolated poaition,
and eonverted into a amall-pox hospital.  Ae such
it proved of signal sorvice in spoedily stamplng out
the disoase,

temeird Tostn —The cement #8 deseriled in the
specifioation to the contmet ns having to bo of the
best quality and ground so fine that the residus on
o sieve containing G0 divisions on the inch, equal
to 2500 meehea Jier square inoh, should not cxeced
i per eent. by weight. Tt had to be h-l]ll i a dry
gtore, and wns not to be psed until s ocortain
vumber of samples dut of every eargo had been
testoll,  Nont coment was nob to be st within less
than one heur. The weight had to be hetween
112 Th. and 116 iy, per bushel,

For tests, the cement to bo mized with throe
tiince fta weight of sand which haa been passed

wherever required.

Planks, bottens, and bosrds were brought from
the same place in lightem,

Hardwood, suoli as onk, beoch, ninl ash, uumlthr
packi ardother teniporary purposes, was got in
the n&r?;hbnnrhwd and !:hm]t w!th nt the snw milla

j.uilm.‘ the tido to Aow inand out,  Theringle timher
piles are held t 1 by lemgitudinal timbwrs being
| placed on ench ade and Talted through, aaud stays or
| strute are placed between the walls and across the
inmet spnce in all dircctions to givo wiffness and
1rlaﬂi.ut.u.nﬂe to the water pressure Irom withoot, The

Conl apd coke for the three main piers were | space botwoon the donble walls is now cleaned vut
brouglit in barges—moatly from Charleston, elose | ns well ns can be done, snd elay poddle is filled into
by ; but for the shops and yarda they were brought | this space and trodden down harid or jrcssad Iﬂ.ﬂwu
by mil, by other moans, and this s enrried o until the

Creosote oil for the Lucigen lamps, aud rivet and | whole space is filled wy bo snd beyond half tide or

|I:I't|I-EI' furnnces, enme in apecially constructod tanks | full tide an the case may be. The sluices can thon

by msil,

CoumexcEENT oF HE PErmaxext Wo
The positions of the four main piers on Fifo being
fixed nt an enrly date, a beginning was made with the
exenvation of the rock upan
| north piers.  The natural bedrook of whinstone rosa
heve to s lovel of from 101t, to 20 ft. above high water,
and exeavation hsd to be made Lo the lovel nt which

then levelled with tubble
of the granito courses ﬂmeermE.
Exouvation was also gtarted ui‘lm the site of the

25 Bt apd 22 fe. sbove high water res

i ockively.

Theso threo picrs stand on |
12 and 13 were placed at the bottom of the ancient
quarry, and were founded at lovel 7 It Lelow high
| water, The Ioundatimis of Lhe abutment apon

uite of the two

the foumdation or holding-down holts started —
namely, at T ft. below high water. The rock wao

north eantitever pier at a lovel of abont 21 £, above | side has fallon
| high water, and opon vindoet piers, 0 and 11, sl

h ground, while piers | level,

Lo elosed and the water pumped oul from . the
enclosure, and the hottom upon which the founda-
tion is to be placed :Im 'b; mmfiuml. ?ml all
necemsary eaoavation made.  Ttdepends ¥ upamn
' the hald the piles have takon of ﬂlﬂ grum partly
lupﬂn the external foreos noting upon the timber-
walla—nrmely wind and waves—whethor or not the
|cr¢mtrut.-t.iun of a whole tide dam s sdvisable. In
i whole tide dam, if tight at bottom, when onee the
]ntl:rr Tas Been pumpod out, the worlk of exenvation
|-—-uI laying the foundation and building a péer or

and the building | wall—can be eorried on without interruption to the

end, In tho ease of n haltide duin, the snce
| enelosed ean only be pumped dry aftor the tide ont
low the level of the clay puddic
wall, and the water requirs to be adimittod o sooi
!M tho tide has turned aind is rising ngain ujte that
Work in a hali-tide dam is termod tidal
{work, Whon werking on roek this mode of forming
lan enclosed space by driving piles is not admissible,

¢ tard other moans wast be found to keep the vater

i



out, one of which will be deseribed balow.  In sme
cases, whether working wpon soft ground or cock, it
i not absolutely neesssary to lay the bottom dry in
order to exeavate or o meapect the ground—the Iatter
being dome by menns of divers and the former
by dredging or othorwime.  The object of suelia dan
i to wrrest the flow of any eurront through the
calmon while the foundution s being lad, and to
dopoait the material of which the foundation is to
connist—nwat gencrally conerete—hy ny jt
through the water in boxes or skips, the hottoms of
which are provided with hinged doors,

Finally, #f instead of n cnisson ojpun ab top, the
enfreon i8 ooveral in Hkea bell or wlder, and the
water is forced out by furcing aiv in, therely allow-
ing the warkuion 1o enter and excavate in the dry,
it g called & enisson worked by the pmewnistic pro-
s, In thiy manner the deep-water foundations of
the circular piers were executed, as will hereafter be
descrihad, in the case of the two south piers, Inch-
purvie, and the four Quecnsferry elrcular piers

Incnoanvie Noptn Cinovian Piens.

{n Inchgnrvie the site of the two north or
shallow pices  being wholly submerged at high
water, nd about one-half in the cass of the
north-east, and three-fourths in the oase of the
north-west  pher, submerged alsd st low waler,
the prefliminnry work was fidal, and botween
:Erihg tides no work could be earrisd on at all at
this plaee. When it is considered how exposed
the positiom was thore—the work having o he
curried on upon a narrow ledge of rock aptacked
by wind waves from all sides—it will be
undemtuod that the progress ceould not be
rapid. The conditions of the contract hore regni
that the rock shoukd be exopvated in steps, and
that the rulble masonry compriaing the foundation
aof the circulvr granite pler shonkd be bound by an
irom telt 00 §t. in dinmeter and 3 ft. dmp; fhe
higheat portion of the rock upon which this helt
reated to be 7t below low water; the helt, or at
any raté & part of it, to he brought down to fom s
protection for the foundation rubble magonry upon
the lower stepe,

Tt was thercfora decided to cut & chase 8 ft. wida
(3 ft. to the mside and B ft. to the ootside of, the
H0-ft, eivele) out of the rock whore it was higher
than 2 ft. Below low water, to make the GO-fL. belt
of three thicknomes of 4-in. plate, and to carry the
oemtre plite downwards, after it had been ecut, in
such manner as L fit as nearly as possible the
natural contour of the rock. (Fig. 21.) A light
ataging waa, therefnrs, erected above high water,
the curreet centre of the pier placed wpon it, and by
monns of & trammel-vod 30 i‘-Il" in length, from. the
end of which a pointed soumding-rod wes suspended;
i correct reading was taken every 6 in. on the cir-
cumference of the GO0-ft. circle, after n diver had
been round to clear out any locsos stomes lying in
the ling, e picking off any sharp points pirojecting.
These readings were plotted and the centro [lates
out to it. In the meoan time work had been done
upon the chase, mnd, when nearly eut down to
the tight level, the belt was put Lher an the
staging exactly above the site of the pier. The
plabas prnjnetlh;lx downward, and forming the shield,
wore stiffened by T bare vertically over the butts,
niwl, where iréd Lo be carried down to & con-
sidetable depth, aa in the case of the north-west
pier, they wore further stiffoncd br horigontal
chreular girders and stayed to the tock by bars. of
angle-iron. The whole belt waa now rivetted up,
amel, when ready, received two coats of red-lead
praint, and was lowered down by means of hydeaulio
Jncks it posdtlom,  (Fig, 20

Tha top of the J-f belt was then levelled
all round, sl corrocted where necessary, A heavy
angle iron, 6in. by 6in by §in, s round the
inside of tha 3-8t belt, and wpon this was now set
shigle tier of tempurary calsson, 101t in height,
conmistipg Of fourteen segmonts of about 30 ewt. encli
in witght, This helpad 40 keep thia balt down to the
rock, nud o number of heavy blocks of stona were
placed on the top of the enssm For the s pur-
s, A eluice dowr in the lower eut of the
eaizaon was kept open to admit of the thde flowing
in and out,

Stepa wore now taken to wake gosd the jeint

between the 3 ft. helt anl the shield and,
the bodrock, This was deme in the following

manmer! A nmber of eonercte bags, about 14 in,
by 30 in., w8 e 4o Din. thick, were jrepired
and poaseil down tooa diver, wha laid them round

the outside of the belt at o distance of about 4 in. |

(15 )

A second row was pext luid round 1l ontside of
the first row, and tolembly close up, the spaco
between the two being made up by clay pucddlo
well stamped down,  Any split, or hole, or orevioe
in the rock was also filled with elay. Upon these
two lower rows; other bags were now laid orosswise;
upron tliese, two rows hwise, and a fourth row
evosswise on the top, which was laid chee up to the
bult, This was done in scctions of about 15 ft. to 16 ft.
length all aliong the shield, bul rovund the outside of
the treble belt only two hegs doep were laid. On the
inalde alwo & o row of elay Wal hacked by a
row of conerete and Joaded with stince, wans
laid tound the completo circle. Cement grout,
without intermizture with samd, was now propared
and passed down to the diver—buot only al slack
tils, high water, ar low water—who lfted off one
or wore of the top bngs and pourcd the gront inta
the nuerow apoce loft, until it overfluwed. He then
e the hygand procesded to the next division
mntil all was done, Forty-cight hours were allowed

TABLE No. II.—Prooness oF Work o Incouanvie Tinas.

carsed by the setion of heavy waves muming up to
the teurporary ealsson ab low water with grest
violenee, wiul whisking the whale Inlrie,

The whole of Hia porth-east pior was Luilt Inon
half-tide cairsson, as the work was not pressiog;
tiut in the cose of the north-wost pier, a0 soon ns
the rublle masoiry inside had Doou Deought up ta
Low-water level, & seoomd Her of Lempuanry caizson
was added, and the werk coulil than lwe enrried on
at ull states of the tde. While tidal work was
enrricd on in these two cofferdamas, the  amonnt
of water which had to be mpuonpod ot every tide
w250, 000 gallons i vthe one case, and 340,000 in
the other, The time ocoupicd was 50 b 55 inimuter,
hut work wan, of course, eommoncsd 50 soon as the
higher parts were laid dry. For I:umpiug ot
smnller quantitics of water onllected through leaks,

ulsometors or small centrifugal i were waed.
The temporary caisson is showi in Plate VI

A statement of the thue oceupiod in Tuilding the
frundations of these two picrs s given inTable Mo, IL

Narth-Enst Crimson, North-West Caimson.,

ook excavation commenced ...
Lowest paint of foundations ., s
Caissom and shield ready for lowering
Joint hetween eaisron and rock made good ...
Caisson pumped ont first time,,.

Hubble m in foundation comrmemesd. ..

Foundation finimhed to low water ... o
First granite laid
Pier completad ... S ik yis

=am LEL)

June 22, 1883 Janusry 13, 1834
9 fi. bolow high water 33 ft. bolow high water
Foleuary 2, 1884 ° | Spptowmboy 10, 1884

April 2, 1854 COhetabar 17, 1584
Aypril b, 1884 October 90, 1884
April 16, 1584 Ootobor 24, 1814
oo |, 1884 Doamber 20, 1884
June 2, 1884 Dieoinbor 23, 1684

March 18, 1885

|| Novewmber, 17 1584

to elapme for the setting of the coment; the sluice
valve was then closed, and the caisson pumped
out gradually, When lesks wers discoversd, the
diver deseonded to examing the outside, and, where
necessary, cut out some of the grouting and replaced
it by new.

As it was not conmidered that this coment join
winthl be able o stand the full pressore of the
tide rise, the caisson or cofferdam was worked aa
a half-tide ong, it having to be Imm ot opvery
tide as soon an the water had fallen below the top
edge of the temporary caisson.  In addition to the
hydrostatic water pressire, the caisson had to stand
ﬂ{u heavy seas thrown against it, whether comin
from west or enst.  Under these circumstances, it
waa nfton considered sdvisable not to puwmp out the
cofferdam, but leave the sluices open and allow the
tidal flow free access. UTnder auch conditi it
will be easy to geo thal, durng a sessin of
woather, much delay could not be avoided, and
though the work of exeavation had been ecommenced
in the summer of 18&E, it waas not bill the middle
of April of the following that the first rubble
nas eould be Inid in this pier.  In working the
oxonvation, no hluating was done within 1§ fL of
the irom belt, but the rock wes quarried np to
within 6 in. and rubble then built in at once.  Any
ateps out in the deeper jortion were invartiably at
Tomst twice ma broad as they were deep. The deopest
praiut b which excavation hud to be earried in this
pier was at 8 ft, bolow low water,

T erdian or eaiseon for the narth-wesl pier,
Inchgarvie, was done in the same way precisoly as
described for the norih-cast, only that, owing Lo
the experience gained by the divors and other mon
omgaged “?[]‘hm the work, the progross was much
g g

In the nortli-west pier the dopth of the shioll
waa 15 ft. bolow low water, and cxtended ta nearly
ovig-half of (he civcumference. There weire, there
fore, in sddition to the verdml T bams which
covered the butt-joints of the shield-plates, theeo
hurizental elrenlar givders, carriod ab & distanoe of
4 ft. Giin. from coch other, and from those a
mmnbier of horlzomtal be-lars with eross-bars at
the ends were carvied wadially amd level to the
rock opposite and pinted to G Al afterwands
Imitt into the solid ruhible mnmrnrf'. (e Fig. 22.)

Thia mede of making the joint betwoen the rock
gl the iron belt was siuple aod quite offective.,
Most of the leaks wore dui to natuml erevices in
o pock, ronuing feone the Gnside o the antside ot
aconsideralilo -irl'bLIl, Theso were civoumyombad Ty
building sinall clay daws pounid, and leading the
water l%_y n shoot to n pumpd.  Lexks were nlzo

Tirr Bovrn Crecvian Prens.

_ Ab tho two south plors an Fife were aleo situntod
o bhe sloping Face of the rock, wod vequired exciva.
| tion ad diffevent depithe, & somewhind similar ooursy
| wad fullowed in the construction of the cafferdlame or
eaissons, but with one impurfmut.ﬂi.ﬂ'mmmn. T thie
case of Inchgnrvie the eaissoms were set on the ook,
and securod to it, as far ma posalble, by weight-
ing them, and the joint was made good previons to
any blasting of rock near the 00§t eirele being
dome, except 5o Iny as the exenvation of the mveular
| chase was eomeerned ; while in the qioe of the Fife
south piers, dinmond-drilling plant under o snb.
contract wea ainployed to deill all over the aren of
the pier and blast the rock Defore any eoflordain
or caisson had been put down.  For this wurk an
iron givder -d.&ﬁhig was ereetel owir the piers, on
whin]gn a traveller with runming fron et
el wes placed.  The depehs o which the differant
steps in the excavation bnd ta be carried was givew,

lioles drilled Lo these depthis,. When & nuimiber
of holes ware ready, they woro charged with explo-
give and fired ; butthe rock wWas not pemoved at tha
time, and lay thers in great shatterod nsses.

The ponseguenes was that when it was atbempled
to place caissons with projecting shiclds to fit the
contour of the rock, the leaks wero of guch a nuture
w8 b defy any pamping power then at kand,

The Fife south-west pler, in which the deajost
part was 7 B below low water, and in which anly
|4 very smell portion hl}' helow the level of the
cireular chane 2 Ik, below low water, could bLe
managed with sowe Jittle dithonlry; It in tho
soutli-enst pier, where the shiell bad o he eprried
to 19 £t, bolow low watar, it bocnime heeessary to
contruet o pudille clay dan ol the outside of
tho aissom with piles honvily slod and driven into
the délicts of lirokew rock. Evon thon tha difficulty
ecitdd uily b overcomie by eollicting together the
water from o oumber of leaks, nod by moans of
powerful puimjing machinery to got the apper haed
of it.  Thulible masonry was then built in oll places
where muning water eouhl be kept wff, sl the
tenks wore thue gradually heommed i, sod foally
atoppaed by pouring comnent gront into these plces
at slank water and with the sluices opon, v arder
thiat o wivbar wight bo forosd through the grouting
before it lind ret.

A berge diving bell, with air-dock and the neces-
sy mmchinery tn wvve the bellnll avor the aren of
thicas piors, bl Teom ootmtructal, oy it had been
intended: to form the foumlations of conerete dopo-
mitedd throngh the water iy Doprper-Tutbomod ikips;
but s it was subsequently decided o bave the
foundations of rubble mn=oncy instesd, it bocams




necessary bo lay the bottom dry, snd the diving
ball was nover s af,

The north plom on Inchgarvie and the south
]‘.111:1: an Fife sre founded on the salid whinstona
rock.

Talils I1L, given below, showa the tine oéen-
piad in bailding the foundations of the four cireulir
piers on Fifa, thi depth to which the foundations
wure carried, and other partioulams,

(1)

| ptrength, for the base upon which this grest
wmaonry pior had to he rased was not less than
LG ft. bmg by 00 £t wide, It wan at first divided
{inte balves: hy o doolile row of piles  with
lrudd.ln clny filling ; but, after o gomd potion of
i donerete baso liad boen Isid all round the sides
of the dam; this partition wes eut down, the piles
betng sawn off flush with the bottom and the eon-
erote base carried right noross, In this pier the

TADLE Nu. 11T —I*rooness or WoRE oX Tne _‘Fnrn Cincrran Free Piens

Fre Cowmroan Graxmme Prens,
Korth:West. Korth-Fast. i BaoiithsWeat, Soath-Fust,
!

Excavation commisnosd = we | Au ; 1883, | Feb, 1RS4, Aupust, 185 | Nov,, 1858
Baswast paint of foundations ... ves | TEE, Banliw how, | Tt below Bow, 95 fr, below how, 37 £t helow how.
Rublle masonry in foundstion oone

menend L, e . ces | Mow,, 1883 March, 1824 | June, 1884 March, 1885
Fq::ml!ntiuq finialied to low water ... | Nov., 18583 April, 1884 June, 1884 May, 1855
First granite il vee | Do, JBES April; 1884 June, 18R4 June, 188G
Pior comploted ... ... ... ... | Bopt, 1884 | Sept., 1EE4 | Jan,, 1885 Angust, 1885

Bovrn Arrpoicu Vianter PLems.

On the South Quesnsferty shore the fouwnmdn
tioms of pieva 3, 4, and & were firsh sbarted, as
they weroe all dry at low water, These threo
idors nre Founded on the freestone roek provalont
n ridges ol along this shore, Tidad work had
ti be yesorted to withowt any protection b%
coffordam or oabseong and all that wes Toquired
was to romove the soft or rotton portions of
the ek and cut flst steps inte any  aloping
faces mot with, The hollows were thon levelled
wpr with eoorate, and upen this s conorels buse
v Iakd encloseld by plaking.  Whon this had
woperly sel thi granite wasonry was st o

gin.  The conereto hase was G1 [t long by 31 ft.
wiile, amd was the same for all visdoet piers from
3 tod  The thickness of this conovete foundation

variod nccording to position, from 4 ft. in the ahore |

hotibler elny al botton war found nearly dey and
extremaly tough to handle, and it gave an indica-
tion of the ground ints which the large enissouns
wanihl have to ba sunk.

Talle IV, , given bolow, shows thi Fevels st which
the foundations wora started of all tho vinduct jders
from L to B, of the south eantilover pior, the north
cantilever pier, and the abutment, 45 also the nnture
of the ground woder fonndations,

Fige. 23 to 2R show views of tho cantilever end
pior sl the vinduct piezs, with the principal dinom-
sime, The cutwatars with o coping of dresn
granit rench to the ayme hieight abova high water
a4 the circular plors, nunely 18 ft.; and up to this
lovel all the pers from 3 to 9 were boilt with s
bowrting of concrete; above this Jeval the ?mdtu
was hacked hy masomy of Arbroath rubhle in
coment carried up tothetop.  The hearting in Hoers

TABLE No. IV.—Parmevians of ForspaTons vol Viapoor axp Casmiieves Piees,
Asp Narree or Grorsn,

For Genersd View of Piers see Plato TIL, Figs, 1 and 2, fmfnﬁ;f#ﬂh Naturo of Ground,

= | I
Bouth phutment FI 100 ft, alovo Blue clay
Appronch vindue! pler 1 - - - g 5 "

i e 2 s ie R Frocatone rock

v it 4 . . i 1316 0 in. below -

e i ! wnn e #ai 14 fi, F i

o i3 b P — = e 17 It ¥ W

Wi e i wi -t L ELr g an "

¥ e Y oSS Sa em 30 ft, - "

i i B ik ¢ . B2 H. Bin. 4, Tard cuny

" Fai i) b & b 38 £t A Boulder clay
Cantilever end pler, sonth ... ... .. . S50k Gin. |, "

" il morth ... hid e 21 ft. above Whinstons rock
Approwh viaduel pier 10 . . b e

H 3 1 ol i

- 7 12 7 It below Part whinstong

i i 15 T TH . Part froeatomns
North sbutmont . . = 02 feot abavo Whinstima rock

prors ko 11 £t on No, 8 peer. Piers @ and 1 ss
alsn the abutment, were sitoated on the Dillkidas,
Tho first was founded on the freestono ruck |
but the other bwo wers placed on a stifl bloe clay
of sufficlent solidity, Pier 6 rognired the con.
struction of o eofforduny, the bottom being rock
with a thin layer of gravel awd elay,  Owing to
thiz the coffrlain coull uat be earried b6 more
than half-tide, the dificuley being to get the piles
to hohd, A great deal of trouble was exporiencoid
with thin Foutulabion tlovugh the want of o tght
joint at bottom; but it was, of conrss, only o
wintter of pationes and perseverance,  The founda.
thait of piot 7 also cxised some tronble owing to the
name difficolty st Lottom, and o balf-tido coffordian
had to -be wsod 5 but in the fonndations of piecs 8
mnd U the layor of elay ot bottom wad of eufficient
thickmess o allw good pillog te b didwd, awl
whde-tilo coffordums . eo be comstructsl. DPier
T b Bdiad b thie reek, Ime plers & al 9 e
fomded om the hard elay.

The scouth cantilever pler voguived & ooffardain
of slmormally lage peuportions and of - great

1 sl £ was of conerets up to the level at which tha
vindwit pinders wers arected —pamely, sl aboul

47 ft. alwive high water, from this level o top thoy |i

worn, like thoe othor yvindioct pers, boilt with a
hearting of Avbroath roblide.
Tuo facilitata the building of thess pievs, staging
"wna eroctid alongaide and connected with the
jetty, aml crnmes were set up to 1t the pranito
loeka fron the Iflr.try piljointig and deposit § in
their places. Al matenials wore bronght along tho
jubty, whare also thy mortar was prepared smd the
conerote  mnixed.  Two  oourses of te wera
operally Tuid, and the hearting of concrete filled in.
beo mucrtar usad consiated of one pert coment and
Pwo puirds sand.
The emmoreta oonsisted of 27 eoubic foof, or
1 cubie yard of broken whinstowe, &Y énbic foct of
conionrt, sl O} enbie Gt of s, izad diy by
hagaed wind them ohaoged Dot o cudcrots ixer where
the nater wan sl bl From the mizer it wi
dalivored] futo bave s snd spped whors roguired.,
All the south viaduct piecs from 3 o 0, and the

_south eantilever end pior, were built up to & lovel of

1B £t ahove high water, sud furthior worlcopen - hem
hadd b, Iny hetyesd unitil tho girders T boaw orected
a.u:nid {iwt.theddup.lm:lqli;m:‘!nmﬂy for I.iitl.ulr.;. The dl.lz
raln o tl Duilding of tha piers, the eaisieg
the giders sl the quantitios of materials used, are
Ziven in A simmary on snothor gy,

Picrs 1 and £ worc earriad np o lovel 47§t above
high wator, and the girders built at that Tevel.  The
suuth alitment was maied to 110 f&. above high
water, multhe girder arectod at that Tevol on staging
ronching close up to Koo 1 pior,

Perioasany Worg v CoxnpoTios wiTo TnE
Iscicanyin Boore Piens.

At T aleendy boon mentioned in tho desorip.
tioht  of the Inchignrvio staging, that places woro
prepared for the roeeption of the two sonth caissons
presently to be brought serass from the Queens-
forry jetty,

In order to obtain st s early dabe & correct
iden of the contour of the roek upon the sites to
be ceeupind by the two south ploes on Ineligsrvia,
e raft was constracted of timber balks
digthad for abwut 10 #. vound tho odter cireum-
[eronoe, with 3 in, planking.  The raft is shown in
Fig. 3L It was made sulficently strong to. resist
the sotiom of the waves 11 an ordinary lrecze of
wind, or to bear, #f necesdary, the stenin of being
beaneliod un shove in cane stormy weathor shimld sot
i, Tt was o fictle under 708 in dismeter, and tho
anrface of the planked space was G . alwwve water.
Lorge mooring blocks were laid at some distance on
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thres sides, the feurth being attached by willae
ehains to some of the iron eolomns of the ing.
Upon the maft four crab winches wem hu.ﬁ by
mesns of which either of the mooring clinins cou
ba hanled m or slickened.  The tft could thus Le
entily plsead in any dosdrod paition within toliably
wida limits: A ol siafl wes fixed upan the
raft, aind about o foob From th unter edge a Ting of
gna-pipe: was laid down upon which the prooved
whaodls of n earrisge mn true to the eentre of the
raft. A drwm was placed apron tho oarringe, some-
what overlunging the eldge of the raft, wd wpan
this drum the svmding ling was colled.  This con-
aistod of a fine steel wiro sl o long weight weigh-
ln[éhalmt. G0 b, with s point st bottom, feet and
inches being wnrked upeon the wive by copper tags
attached,

Two theadolites—one m tho contre line of the
piees lmgitudinally on the lon a.hl?.:ﬁ v Lhis ather
o R mnsonTy pier at right nngles to the oentos e,
but in line with the canteos of ths two soith piers
—wwira atationml to clivel the positionof the acnire
of the raft overy fow minutes, while altarations in
thit tiles bevel wore olserved on bwo Hide gauges, ard
recorded,  Owing 4 the heavy currend running at
this point—both duriing obb and  foeod—the it
coukl not bo Teld in Pnniti:m with any degreo of
aceurney; nor conld the wunding line be kept
Humh in gpite of the hoavy woight sttschod,

monidings ware therofore only takon doring slack
water—that is, for abont ap boor bafire ol oo
By gfter high wator or low watere,

Aftor the sctual eontour of the ek, on sl
within the pwo T0-0t. eincles, had been talon, ths
raft s shifted about in various directions and
farther ‘poumidings rocorded, the exact position of
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the ecatten beingalwiys fasd by the two Eeodolives
roading angles from hxed stations,  The wholo ares
Lop selsont 406, o BOEL pound the twi raissoms wis
thus sounded, sl s very fair sden of the comtour of
thie heitheen silitainad, -II‘"““ 000 ot ugs wors
thus takeon, Tepresenting & large amount of wirk and
tronble with the soonding gese, the misring chring,
the winches, and Inst, though uob least, with
rough woatleor, and i 18 thereby prodoced
in the raft iteell,

The yaft was alse used for xing the guide piles
or eolumne sgainst which the cafesons would come

b lie, undd, an 0 precautiooary measire, the centre

was syt Lt up the slope of the ok, nait was
balernbly certain that during the sinking operatione
the eniron wonhl slide nway from the nowly out
face

As sttt 2 the psominidings had Lo taken, sl the |

ile eolumps fixed for the recoption of the cainsons,
iy mnoring Blocks were laid down to the south-

cnab, poially, manl senth-west, with heney enble chilna
attached, the onds of which wore tinporarily secored
b the dbagelng,. Two sbout wiee lawsees were plse
propered to juss round thi caissons as woon-as they
wonbil e placed i position,

To hald the carssona with soe amonnt of securicy
whoen wies they woulld bake the ground, sud give
them s good bearing all round the edge, it
ey decidedd to place x large uumber of sandbags
upon the rock; and Tring these up to the suna level
—nand somewhat abovy even—as the highost point
of sopck the eutting edge of the caisson would Te
likuly totovel. Toorder to still more eecurely fix thia
bed of sandbags, two rectangalar piers were badlt up
firat of Dbags fillad with conorste, and these woro
pinced {sce Figs: 29 & 30) oppoaite the highest point
of thoe vick v the eireumforence of the U6 circle.
The concrote was of strongth, there being 27
‘oubie feet of stone to 43 cubic feet of comont nnd
4} cubic fout of saned. Tt won wuixed dry, slightly

wotted, and il onee filled ill!ulm;i". Alwmt twenty-
aix of these wont to s yand, gl they weree put inta
bogon with Bingod Lofton miml lowersd divn bﬂun
stontn crane nul ompied.  Thoy wore put togethor
by o diver, and, whoo p cotple of fout of plor lud
hesn built, p nmmbor of whluqu of anmeh lnrger
miw were put ol ronnd B W keep it o plaeo noul
wovent the tide from washing out thi coment,
Vhon the concrete plers hal bac comploted,
the reomining spoce undor tho cutting edge wis
Inid with sasnlbmgs, oxeopt fo two or bhree pliaces
where thanmols wers loft through which tho air
avuld cseape, atd throwgh whick alse Hhe swud-
bags minl other débeis could be pushed dowss bhe
rock during the sinking of the misuns. Io two
placis wall within the ssr-chaniber, and near where
the contre of Ehe caisson would eome to b, two
| plers of sandbags wers Luilt up upon whith the

eeiling of the air-chumnbor would be sy ;
It remained now o Iy down the pipes far the
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quadruple pilos wers placod on three sides of tho

pupply of air and water, anl the electric light | cuiae plers, and o some extont outside and round
mum epoe loft.  As tho tide currvnte are not wearly so

for immediate eommoction with the ealssons %, & number of soundings were taken to nseer-

wa noom, a8 they should be moored in pluce. (tain tho depth of water, of mud, of silt, of soft |strong hore ss on Inchgarvie, sl as the eaissons
Jdny.hnm] Inf hu‘g;ll clr_nrv.l mt*lhm data aro g Ini iri ml ?Immt immmlinlf.u!y Tw?hlth; -uﬂ;_ Erotinud
o . [nuother plics. The T leadof the jetty, which lad | nit low wator, the dangar of thelr gotting nway
l’ﬂi.um!ipﬂltjl‘ i :""" ;:J-;h:m{u]n[ 'UF'H' :n“ e i the I:uul.n timo  been eomploted, left four | was much Joss lere, and b0 outaide poor Wi
ova QuENsavER “ |eoiner gpaces free for the recoption of the eals- | therefors. provided, but strong chains fixed to the

Over the ares b be oecupied by theso four elr- | sons, and strong timber dolphins of treble and | piles, and resdy to be attached Lo Tugs tivetted to




tho alssons, and stout ropes and wire liswiors to
jmss vound then, wers kept in rendimess,

Mir compromsos, electric Hght mochinery, over-
haud water tanka, pumps fo supply the same,
#toan) ervnes, and o plant, were got ready, and
large quantitios of hrokoen stone, comant, and sand
were stored close by for use, Water prossure st
1000 Th, per wjuare el was hrought down tho
incline from the acoumulator o the tog, and con-
ducted tothe end of the jetty,

The Pienmnbic l"-'ufmu.!.—-ﬁ.'he «ix eaisaoma which
were gunk by the pneuwmatic process wore mamly
built of wrought ivon, and were in the first instance
conatrocted and put together by Mesas, Arrol
DBrothers, of Glisgow—namesakes, bul otherwise
in o way gonnected with Messrs, W, Arrol and Co.,
of Dulwarnick Tron Works, Glasgow, Thees
caizsons wene taken to pieces again and sent to
Queanaferry to be built up anid rivetteld, an heve-
after deson hed,

Ihisevigtion af the Calssous, —The four caissons of
the Quoonsforry group are all of one dusign, differ-
Ing only in height. ere wre two shells, carried
up at distaices varying fooo 7 ofe ab hobtom ti
4 ft. G in. ot tep from each other, (Boee Figs, 32,
33, 34, 36.)

The two Inchgarvie caissons, although oxternally
the seme in appesicanes, differ in s far aa the inner
sholl iz only enerod up s fwe as the top of the
oylindrical - pertion, betg ropliesd alave that by
a backing of Staffundshice blue bricks built in
cement, which was carred up in proportion as the
caisaon was sunk below low watar,  (See Fig: 346.)

Generslly speaking, tho caissons are wade up of
two parts—the cﬂmiul and the tapar part. The
eyluplrieal portion s of varying height, withoo slight
taper upwards to facilitate the sinking. This por-
tion fa 70 £t in diamoter, and aboye it is the taper
part, which in 24 ft. high mall cases, and terminates
with o dinmeter of GO fLab top.

The lower, or su-callod tuth’n% edge of the
ealmsin, 18 stillined by o stout double angle and Ty
a bpond stoel belt, 18 in. wide, and 1 in in
thickuness.

At a height of 7 ft. above the cutting sdge an
mir-tight floor is formed which m-ﬂug ovar bl
whole ares up o the outer skin or shell.  From
this flour npwards, started the hner shell of the
cabason, about 50 L in diameter; aml here also,
but downwards, started the sloping plates, which
terminated at the cotting edgo, sl which were
backed aned hald Ty a number of tri lar brackots
sot agpinst the Hoor Lo ome side and againsd, the
outer ghell to the pther. A circular space of tri-
angular soctiom wes therehy formed; nccess ko which
wra had by manholes cot into the Hoor between
every two licnckets, Under the Boora spuce was
thus loft of the forin of a troneated cone 7O (. at
Pobbomy, 5O -PE ot top, and 7 f. i0 hedght, whicl was
eallod the airchunber or working chamhber, Tta
Function waa to act na & diving-Tell for the ponwoss
of gaining necess to the botbom of tho river und
carrying on the neges excavation over the area
thus nindo accessible.  The trinngular space air-
rounading the air-chonber wis oilled the shoe, of
which the lowest port, as alresly said, formod the
oubting edgs,

The roof of the air-chamber wis supjrrtsl
four strvmg lattes givders 18 ft i Teeight, an
renching from sile o side of the inner shell, hut
baing caried tleough o the outer aliell by means
of bulkleads or ]:Iﬁh-r diaplmyme ket between the
twer ahells, and rivetead through with the ond posts
of the lage ginders, At right augles b Ehese lattor
were oarricd plate girders 3§t doep, and spaced
4 ft. apurt, cemtre to eentre, all over the ceiling of
the airchamuber,  The Aoor plates wors a0 arrangad
thut their juints, wheps ih;lull!ld e o, wore butted
immediately vder the contres of these girders, the
bsttoim Hanges of which scted as covarnon ome s,
whilo thera were eovoring flats on the other side.

Détween the sholls, the sbifening was obtained by
civonlar Iattiee ginlers, which consistod of angle
rings sttachod te Both the inner and ooter nl:ull it
overy plate juint, sl of mugle b sot vudindly sid

attnchod o the angle rings Ly t plates, and
u’g itﬂ I.HHEIv:i From thie

alie by melined angle struts w
ullg&i ring attached to the mner ehell to the next
lilggher ring attached to the outer shell,  The bop of
the caiwson was formed of & hovizonta] ciroular
late r upan which the tempornry eadsson was
st uml boltsd down, the joint being made by indis-
rulibor cordinge abiout 1 o, bn dlunetor,

An alrendy stated, the inner shell in the Inch.
garvhe calsons was not carried up to the top, but

(22 )

terminated with tho eylimdiicl portion.  To make
ujr for the lisa of strenpth o civeular plate givdey
abmit 2 fr. 8 in. deop is earried vight reund st this
Plnce, similar givders Leing placed st the sscoml
plater joiut below, and al every soeond plate joint
alwve, wll these civcular givders being  eounbined Ly
vertical ung‘l:uh about every 4 0L an the circun-
foremee.  (See Fig. 36.)

Mokerial

Crans for duchorging

bottonys, formiig the flanges. ‘Pwo of these shafts
ware el for the mn—l:li‘:! the dibns of oxcava-
tian, the ather for the ingross and egress of the
workmen, In the {Juecensferry caissons the shafte
waro praty evealy distributed over the aren of the
working chuimber, the renson being that o theso
opiszony, as oo g5 they tonched  groumd, work
could be cnrries] om nll over the wrea at onee. In
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Fro, 37, CarsoX AND CRADLE ON LATNOIING WEYE,

Three hioles nhont § ft. 7 in. i disneter were cut
iuto the eeiling of the sivchsinber al convenient
distavees, amd here woro inserted threo aiv-shinfts,
the Jowaer projocting ints the air-clmmber
about 6 in.  Thoy were made up of longths of
Bt cach, with an bngle hopp rivetted an ab top and

the caso of the Inchigarvie enissons, only twa slndis
~=ipve T e ol ome For nterial —ware usad, anil
thowe shafts wore closo ther ab oo gide, hecauso
et of the work thare had, owing to the slpnng
fuco of the ek to bo enrried on near the point
where the cutting edge first touched the reck, In



additiom to the air-shafts, & sumber of cast-irom
l)j'h:’ﬂ weln fixed, reaching from the air-chamber
cotling bo various perts of the outer shiell, amd these
weere mapd for the vomoval of silt and =oft material,
all of which, in comhination with waier, were
efectod by menns of o small guankity of compressd
ar bding allowed 1o escapa,

In thie nir-chamber itsclf, the man difference be.
ewanty tlie Queetisforry and Inchgnrvio caissons oon-
aisted inoo different armngenent of the sloo.

In the {ormer, the sloping plates weso carried
right down to the eutting edie, while in the latter
they only went hall-w dirwn the alope, baing thon
bt ina horbantd divoetion, and heought to the
oubiide shell and then rivetted o, - For the sup-
puart of the lower remnining portion of the outer
ghell, stromg heackots were fixed aboue 306 Gin,
n‘[-m.rl'. ofi the eiveuniference, and these teiminatod
nt the lowest mngle, which, with the 18.n. stoel
Bett, formed the cutting edge of the eaisson. Thia
waa done m prder o allow the sinkers the fullest
aecers Lo the rock immadintely under the cutting
vilge, it bwing of tho moatest importance that it
lwonld be andercut ta the extent of ab least 6 in,
all vl The section of the Inchgarvie shoe is
slown i Fig. 52,

It hins alvoady been stated that launching w:niy-a
were Inid down on the sonth shore to the cast of the
Jutty, ¢ Thise timbers (Figz, 37) were Jaid oo the
witural slopm of the growud, holes heing dog of
intorvals which wore filled up with concrete, and
thus provided strong piers to carry the weight of the
vajspons, AL the higher end of the timbers several
trestlos were aet iranaversely, of sucl height ps to
keap the work oot of the rench of the water, The
tops of the trestles formed the platform wpon
which the construction of the calsson was com.
inanesd wul eotied on antil about 25 i or 0 fe
of it, counting fron the lower edge upwards, hd
hoen Luile.  The weight wus thes about 500
trns. Ky means of hydrulic jacks the caisson was
tleen alightly eafsild and packed, sl the trestlos
withdrawn. 1t was then lowared down to within
Ladf s funk of the tap of the lnunching cradle,  This
wns made up of transverse pivders Wid on longi-
tudinal timbers, which in their twn wore Isld on
the timbers forming the lammching ways. The top
of the erndle was, of course, horizontal, aml it wai
wssantind bo anpport o it ax large s portion of the
ceiling of the air-chamber as could he renched, and
alza as much ks possible of the lower or eotid
eilge of the enisson, which Iatter was nlso sup
for the time being by a onmber of timber
placed on the ground,

Do oF Toe Carssoxs,

In the building of the ealssons, the goneral prac-
Live was to sommence by laying down the bottom
boome of the large latbiee girders upon the timber
trmtles at the head of the launching ways, to bolt
the J-4t oross-pirders between them, and fix to
Loth the Hour-plates,  Outside the trestles, any
El:.:jﬂfti'llg&mﬂu of tho calsons woare supported from

ground by timbers. The plites forming the
inner slhell were noxt put on, and also the aloping
platen forming the shog, the two forming sne joint
with the floor-plates. AN joints were rivotted op
us for ms porsible by ordinary hydesolic rivetters,
and meanwhils the heneings of the hig mnlers were
put on aod the top boomes Taid on theso, and mors
Intes wore added to the funer and outer ghells.
Tpemi the ginders the fist platform was laid down,
andl & handd erane set up as will as forges, eoncrete
mixer, sl other pear. Iy the time the caisson
wia abool 25 fo high—much of the lower werk
heing thon dime—it was gof for lowering, ns
alréady describud. Tt was éven ther: still ncceusilile
in the lowest portiims soon after hali-Bde for
forther work and f(or moking preparations  for
lannehing,  Previons to this, all jomts in the plates
furming the calling—the aloping faca of the shos
and the outside shall of the caisson —were earciully
eaulked to miaka a ool water-tight job.

I all enses, pirevious b launching s esisson, the
slioa and the whole spewee over the ceiling of the
air-chambior were filled up with ennorete, the lntter
ganerally to o dopth of from 4 L to 00t This pet
o tly aoted as Ballast, but de pove moch stiffness o
all the Jower portion of the caisson, and prodoocd
o drnnght of from § f. o 10} fL after it Hoated,

When finally the caisaom had boen built to the
ro juived Deight and welght, all the paints of eon.
tact botwesn ernidle amd calsson were  caretully
adjustod, and all the weight allowed to ced on
the cradle, it being then ready to be lunched, The

ol
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crudle was londed with pieces of frem to hobd it
down to the Lwtiching ways when the water lifted
the caisson off its bearlngs and floated it awny,
Tho slope of the Jumching ways being about 1 in
1L, it reqmived & posh fron & 1240, hydmobie
jnek, plareid herizontally, to set the mass n motion,
sl this it did most effeetually on all vecasions,

The lnonching of these caissons took place
gonvenlly nt or mear to the timo of high water of
apring bides, owing mninly to the lowncas of

w shore in fromt of the lwnching ways—the
cassons drawing from O ft 6 i, to §0 B 0 an. of
witer b tho tine. As soen as afloat a tug-buat
was attached and the fléating monster at onco
towed to its final resting-place, o clse to the ond
of the jetty, whire econvenienc =  existed for
charging conerete inte it and plicing all the neces-
piry smichinery on boird, a8 aleo the tempe
chizsom on top.  Should any tide ot rise 08 mue
as-was expected, it wis the imm Lo hermotically
seal the air-shafes and otlicr outlets from the
worliing chambaer and foree air into the latter, in
opder to inerease the buoyaney,

The first calsson—that for the south-west picr,
Cueanaferry—wis laomchod oo Maw 26, 1884, the
aercmnn]ywbeing prerformed iy the Countess of Aler-
dean, the Harl being at the time Lord High
Commissitnior to the General Aseombly in Edin.
burgh. The list coisson was bnnclied on May 28,
1B85—the souih-west Inchgarvie,
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The Temporary  Culssgis, —The tompo oAis-
RONE, p]mef{mon tg& top of the lmrmmﬁttmuzm for
the purpose of keepimg the water out while the
ciroular granite pior waa being built, were of the
sama gonstruction as already desaibed in sonnee.
tiom with thi Inchgarvio north piers. (See Figs. 52
sod BLY The lower tier of cabsson segmonts, in
mddition to the luge number of small bolts which
mude the wnlur—t.mjuint, had two long 2:in. olts
to each section of enissom, or twenty-sight holts on
the circomference, These bolts torminated of tog
Inascrew thread with nuts, and st bottom in a lang
shackle, which grasped a lug rivetted to the out-
gide of the permanent caisson. The temporary eais-
som whs mnide farge enoogh to allow space round
thy complotad pier for tho mnsons pointing the
joiuts in the granite blocks Twn tiers of ealsson—
total height, 20 ft.—wora Ty ligld sufticient to
keep out the water; bub in places where rough soas
and much spray wers likely Lo ocour, n thied tier, or
ab any rate & portion of it was put o, The southe
caad caiskon oo In vie Tl & spocial tempomry
eaissm comstroctiod for it, consisting of plates 22 fe,
in'length, (Soev Figs. 36 and 63.)

The f(our Quogpsferry caissons, after boing
launched, were at omeo towed out and placed in
their propoer. positicng, belug sceurad to the jetty
in snch & manhoer as toallow their rising and falling
frooly with the tido, Tho Inchgnevie eaissons, ou
the conteary, wero merely placed in s tem
berth nenr the end of tho jetty, and they woro
completed there, and bad the temporary caissons

ut on and &l pees maclinery plaged inside,

ore they wore romoved to the e panaoent places,
This was dima, not only bocause it was sssential that
theae caissona should touch ground as sson an jio-
sibile after their arrival in thetr borths, Lt also
bocouse a large proportion of the mechinery ndds
antl of the tenporary va wis tuken frow the
Luosnsferry pives, then alresdy built op to above
high water, ad put on beard, and the transport
and dooble handling thus saved. It may pot be
amiza o state, a5 an nstaice, tat the lost coisw
—Nop B, ar sonth-weat Inchenvie—wis Jumched
o May 20, 1885, weighing n little over GA} tons,
with a dimoght of 10/ 1c. 3 ., was towed to Inch-
garvie on July 16, drawing 31 (. of water, sl
weighing 2877 toms, which was made up as fol-

lowes

Tons,
Purmanant caisson,.., e 4457
Tensporary eaisaon (two tices) .., P )

Two uir-locks, sir-shafts, concrotc mixer,
boiler, stenm crmie, &o.

"Timbur Hoors aml staging. . .1
Conercte ... = i P we 1418
Prickwork ... o o e e BED

Total - e 2T

Bofors entering wpon the deseription of the moda
of sinking the caksons, some sccount s needed to
ba given of the apparatus med machinery in con.
noction with that part of the work.

Am CoMPRESSORS.

There was nothing in these difforent from any
ardiu:::"y type of eomprissors.  They consisted of a
janir horizantal engines soupled, and directly
acting upon & pair of double-neting &ir-comprossing
cylinders, There ware two gmics of 164-in, eylinders
with 2.f5. stroke, and three paivs of 12-in. cylindors
with 2-ft, stroke, allworking at 60 Ib. steam pressare,
Thay wero run up to any spasl roquired to prodico
the necessary un ximum pressure, which in the ease of
Inchgarvie oo one cccasion amounted o 37 1b, per
square inch In the sir-chamber of the south-wew
caieson,  The aircompresaing cylindors weee wiker-
Juekettod, with a comtinuous current of cold water
prusing throngh, ¥or the servico of the rock drilly
muide the working chamber, & soparato ongine was
used, which Iurm:%'lir down by & sepeirats pipe load
at 70 M. per square inch—the rock drills receiving,
of couras, the benefit of the differenes botween Lhat
pressure and the prevailing one in the sir-chamber
omly, na they had to didehurge into the genersl
prossure of the working chamber,

On the top of the men's air-Jock a whistle was set
which worked by nir pressure and which could he
regulated From below; by means of this 8 donstant
eommunication was kept up, and more or Jess air
presaure put on in accordance with requirements,

The pipes supplying the air were Inid from the
compressors stradght to . the eaismon side, Lut tho
joint to the pipes inside the ealssons ad to bo wunde

A long piece of flexible tube, the ond of which
wiss attached to & chock valve placed upon the air
tock for the admission of the raen, The air wse
forced down this shaft into the working diumbor,
thus prosenting the ascont of nny fonl air in theso

A of water for flushing purpescs waa nlao
Inid om, being taken from an overlicad tank wet
alenat 40 ft. above the lovel of the staging,

OF great importance hoth for the sfoly and ¢on-
vimicoce of the men, and for the jrogress of the
work, wore the nir-locks, Those by which noeess
was grob Lo, and exit froa, the ai-chnmber, consisted
of an inner portion, 3 it 6 in. in dismeter, in oon-
timuntion of the ascending shaft, and o civeular spaco
all round it about 21 in, wide smd 66 high,  (Ses
Figs. 38 und 08.) Tho cuter chamler was divided by
two partitions into two aqual spaccs.  Enoh of these
Epacis wis provided with o equare door giving eon-
mimicatiotion the vne side to the air-shaft, and on the
other side tothe cuterntmoaphore, AL doors apenad
to the inside,  To guin admission to the air-chambor
it wits necossary to enter oin of the outer speees; 1o
eloan the doos (whiclh wis presssd agsinst an india-
rubber jolunt), mnd by twrning & small cock po
graduoally admit comus atr,  As hcon as thes
prossore om both sides of the deor leading into the
air-ahaft was vgual, this Inttar foll opin sud the -
chamler mnlﬂqlm reached by o iron hulder fixed
in the ghaft. To roturn from the air-chnmler o
the sutkide was the reverse of this, the prossure
fram the sater chamber heing oxbaosted by opening

A sl cock communicating vith the atmosphire,
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AIR - LOCK AND HOISTING GEAR FOR CAISSONS.
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rouge 48,

dinusotor amd 4 ft, Ligh,

thie
addition to which the

to the muder side of the upper door aud sliding out
anid im with it, thus bringing the point of wus-
pension immedistely into the centre of thz shaft,

sob up nuar thie lock ao a8 to sontre the nir-shuifl with
its heaviug chinin: the top doorof the lock wae then
drawn back and the akip or bucket, about 3 f£. in
Iding aliout 1 culio
wins lowered dowin into the lock and the shac
th: inside wimling chain atbachod o it Tha upper
door was now olosed, and o ﬂ'jgllt- tourm of the
angines tightened the ohain and. lifted the bunkes
just cloar of the lower door. A oock, or valve,
wlibch communionted with the compressnd air in
the working olimnbier, was now openod and pressura
thus admitted to the lock, The sliding dours ware
provided with indin-rubber joinits, anl small thoobs
M“ﬂ:?’ aotubed by a lever, were useld to foroa

biard  wp ngninst the mdisrobber,
grndually inordming  afe
pressurn helped to olose the: joink,  When the
uppor door was thas seourad, a tom of the mnter-
Ii.ﬂzhlg whedls sot the lower door froe s (his wis
now drawn biek, wid the bucket was lowerad right
The milo of working these locks wan as follows © A down to the botbom of the working chuabar, and
3. ton steam erane with fixed jib (soe Flga. 30 and 51, | theve illed with the spoil of the excavation, or ¢lre
but provided with quick-moviug slewing gear, was the chuin was taken off and attached to one already

e of



flled. A signnl was then ghiven, the bucket was
deawn up inte the ampt lock, the lower door
elused, the compresssd iuri:.i oit af the luck, the
u}.ljmr ooy deawn back, the winding ehain takeon
o, and vrane clinin sttached, the Iueket drawn
gy aoned discharged on o shoot over the side of the
et snd tlee saine process repeated as befurs
deseribod. In the deawing shown (Mg 41) at
will be wotesd that the buekot in its sboent in
tho lock touched n lever, and gave indication of s
whoreabwuts by a ateam whistle ; but, as an wddi-
tiomal procnution, small wheel gear was placed in
connection with the winding druw-shaft, and, by
meani of & dinf and pointer, midicated the position
of the bucket at nil points of its course,

Tha hover K acted upon the long rod L, whith
wias 5o nreatiged thatane of its onds was always within
i Dol drilled in the frames of ehe aliding doors, and
that therely vither one door or the other was mado
mbsilutely tmmovabie,

The two valvies admitting water to the rans
worldng the sliding doors are seen at DD close
togother; each cormed s handwheal, ot of which
a seiment is cut, and fnto Chis the rim of the
other ywheel fitted. In the ition hore shown
tho uppicr valve ia closed, nnd sts handwlicel nnot
be turned unkss the handwheel of the lower is
turned wumd to bring the cut-out scgmont exnctly
opposite.  In that pesition, Lowever, the lower
valve would be cl-m-&, and it iz, therefore, endy to
pereeive that, so long as the handwhecls remamed
attachord to the valves, it was impossible to open bath
i mitltanectly,

Sinco no workmen passed through these locks, it
Wi not necessary to mimit or Eiaul‘inﬂ]‘u the air
pressure by degrees; the et and outlet cocks
were, therefure, lurge, and scted expeditionsly to

the loaz of timoe.

Avemest o No, 4, on QueeNsrenny Nopm-
West Cansson,

Tlis gaissan was built and launched in the wsual
way und towed into position at the north-west
aviimur of the Queensforry jotty in Docombor, 1883,
It was secured to the stiging in the usunl.way,
alliwing it to rige and 0l with the tide pending
the putting on and rivetting of the remaining
courses of plates at top, smd the otherwise com-
pleting it for the sinking process. Owing to the
meongidernble depth. of water, the cutting edge
touched the mud =oon aiter half ebib, and embedded
itsalf b low water. On Now Year's Day, 1884, an
a:w?-ﬁrmull}r high tide cccurred, followed by an
aqually exceptional low ebb, and the caisom sank
derply inta the muod, sssuming, wo doubt, some-
whut of & list or dip in secordance with the natueal

ulupe of the mud. The cutting edge ontersd so
']lm;:llﬁ into the more solid portion of the owd o
aile that, on the flosd tide returning, the waler

eould not get underneath, and the caisaon failed to
rise with the LGide. Nobt being built high enougly
the water soon flowed in, and filfed it completely ;
nnid om ebibing, s the Jower sluice valves wuld pot
Licr gzt at, the caisson boeame top-heavy, and tilted
effl iore over wwaeds the low side. At lnst, it
began to elide in the sune direction, and moved
theua for about 20 fe, when it stopped.  Tn this
position the lowest portion of the top }ulnlm TE-
mained fully i ft. under Tow water, and it bocame
necessary to armoge b add o ity height before
pumiping could be rescried to. A number of divers
wepe employed W bolt on two or three Hers of

e,

Arrangoments were made to wtiffon the eaisson
internally by timbor struts on top, and te keop oo
wtiffoning in the seme manner sa ' the poups sue-
oeerded 0 reducing the water level imside the
eaissom,  Unfortunately, the pumping was carried
on At too great o rate for the carpenters who werg
to put in the strutting, aod the thin plating could
nat support the peessure of the water frim
outside. Tho plates gave way, atd & groat rent,
vight acress the lower side of the caisson, sanie
£0 It to 00 Ft. long, was the result.  After dis-
cursitig pany plang sugoestud for getting il of
this dilficulty, it was resolved to eonstruct a shoath
oe bogre]l of 129n timber balks all round the
cmisamy, bo holt as ninny of these balks s gould
Le got at firmly through the iron akin, and to make
the hast jeint thit cotld be got cithor by puddio
clay or coment grouting, or o cowhination of both,
.AUIH:IJ.!‘ wark below fual to bo done by divers, and
there oro roquired o considerable time in doing.
In the first instance, & hesvy civeulnr timber frame

wae placcd inside the caisson neay the top and |
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strutted in all divections. A oumler of balke ! piers on Inchgnreie and the four piers at Mo
wire first placed  all sounl, mind, where neessary, | fercy,  The two formier are foun an the solid
driven down into the soil as far as requived, | rock, sloping hore at an angle of sbont one iu five
Stronyg iron Li i boltawore laid round all these, | o the southowest : while the four phors at Quesns-
and then the filling between these guido timbors | ferry aro placed on the boulder clay which is found
corried i, all of them Deing V grooved o the ono | therd jn o very land and solid sate st a wininem
siile; amid the other shie V shaped o At the groove, | dipth of 48 Bt balow Tugh water. The Loulder
Fioally, wedge piles or dlesing piles were driven clay Fove is alopiing 1 north-nurthmst, als about
in butween the other balks, and as many ss could | one in five.  These endssons were sll sunk hy minans
be got at were bolted tight up to the skin of the | of the puctmabic process ob eotaidersble dopth
eaisiim where it was sound,  Noarly ten wonthe bad | under watior, under sone difficuity, and wwrder
alapsed since the accident ocourred before the tin- | groat pressure of air. To umsnipulate those eylinders
bur boarrel was in wuch o condition Hust l:um pinng | ol inenenie size, weight, and hoight, in the fuco of
out could be proceeded with (see Fig. 4ii) & | the uncertain conditions of wind and wenther, and
ground under the high side was now dredged away, |under the influence of & stroug bidad current ; to
and’ both air and water were forced down the mir- | put them—woighing betwoen 2000 and 4000
ahafts inta the chamber to wash or force out we much | tona—inte thelr places, aud o Lok them Wiere
o8 possiblo frn underneath,  Pumping was then aud poes them down throwgh - materinl  ranging
cominenced, all loaks ad thoy showed being dealt | from soft mud to hand ek, was u,-.u-t.mi.uﬁT n
with i any =uitable mnnner, further stiffening ! et foroidable twsk.  Yet, with one excep-
inside resorted to where Jlanumri.', and thus, etep | tion, just above mentioned, nnmcly, the Hiting
Dy wtep, the list ground fought fur, Weight was [ GF the Qoansforry north-west caisson, these huge
also ndded on the high gide by nmumm:ﬂ::‘f hn*.-;;riliutlm casod  proportionnately les trouble amd
buill & brick esiig sgainst the outer shell, latretety than the shallow coffordnms of the other
Putiontly this work was porsevered with, ond st | fouwlations.  This was, so doubt, owitng in A great
lnsit, one Sunday morning, October 19, 1885, some- jmessure to the pesctical knowlodge und expe-

T'a. 48, Troren cassoN AT S0UTH QUEERSFERRY,

what unexpectedly, the ceisson mikcd it=ell cut ol vieney of the mon in charge of this portion of
ita muddy bed and floated opee more, It was 8t [the work, The sinking of these six onfssons
vmoe depwm inte position, and po tine was Jost in fwas Jeb s mub-contmet to M. Coisonu, of
commencing the sinking process, As it was im-| Paris and Antwerp, whose large stall of men
pussible to place o new sholl o the place where it [ lind been cogaeed for soveral yoirn in the con-
waa tont, it wan decided to Tenve this akme, snd oot | struetion of fhe iml auagys dud harbour walls
to proceed with the building of the mner shell eithor, fand dicks at the lattor (lace by the yneamatic

but to sulistitute fur both & stout lining of clinker | process, 1o woubd be as well to take this oppe-
bricks huilt in ccment, The shape of this and its | tunity of dispelling the notion which has somebow
strength are sliown in Fig, 47, gnined erodenes, that the foreign workmon—mostly

The three other Queensforry nod the two south | North Talisns, with n sprinkling of Trench,
Illch_hgmiu enlseonn had in the mean time been sunl | Belgiane, Austriiia nnl  Germans—wore ottor
to their full depth, and in fact had neady die-|{ablo to work in and resist the high atmospherc
apprared out of sight, and all maclinery and imnuurunuu&emu-y b this kind of work, than the
apparstuy were availablo for doaling with this the ;| British workmien,  That this s not so ia proved by
lnst, the fact thet large pumbers of the Torth Dridge

Before the miuldle of Folruury, 1888, this | men—earpontors, fittors, and ordivney labourers —

wlignl amuong caissons Liad joined his Lrethren for | wore  (roquently employed bolow, sud many of
own i the, prehistoric day, sl there is w0 reason | their numbor for the thest e, when the pressire
to think that tho masinary pale which stands om it wad alecady considerable, withouot eXjlericucing nny
in less alile to its doe shape of the enormons ! greal Inconvenience or Jurm, Tt s, in the first
load laid on thein than githor of the othars, | sistanoe, o mattor of habit, althoush it certainly

The foundations of the four dircolar piers o | soquires guod health, freedam ftom pubmony or

Fifo, auid of the two cireular north piors on Inch-

garvio, liave boen (ully denlt with, snd it romains
to describy the mode of foonding the two south

gatric weakness, and abetemiousness, or, oy rate,
woderption in takiing sirong ﬂsi_ﬁl.l.lfm Liqquors.
Bome of the mest experionced hunds of AL



Colsean wuffercd when they had been making too
frée with the whisky overnight, anil o good doal
of the disaders thef epsnwl were traceable Lo the
s source § theugh, oo Bhe other hand, wel feet,
or incantious and sidden chunge from o heatol
atmosphore dnto o cold and biting gast wind, in-
afliciency of elothing, nnd want of ped
went, Lnd their influctice in cousing ilbwess nmong
the workers, Although these six dndsaons wore
foundad ot depths varyhig from 63 L s BY fr,
below high water, with an JIT‘i.'-I"ﬂ.ﬁl! time of seventy.
eight duye fur eack, vot one death can b propaerly
aiml justly attributed to working in high pressure,
Two mun died during the time, but bath wore
alrdady consumyitive when they commenuel working
liere, and the mgsur of & Seoteh winter hal, at any
rate, ns mueh to do with their death as the air

wresmire.  Anothor man became insane, and had to!

sant back to his own country,
The winvipal bad efsct produced by the air pres-

r nouriah- |
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[ Varlops resenrchos wore mndo by mambers of thi | loat hore from this cause, which in other works fud

medical sl in the endesvour to give relief or gedved fatal to o mony,
ohtain a cure, but, so far, not with any degree of | In uing the ejectors the following mode of
Bt | working was employod. (See Fig. 48) A asort
of sump or hollow o the ground was formed,
e y [and into thiz the water fromn an overliond ik
The operation of sinking a caizson through mwl, was allowsd to flow in any quantity desired,
milt, v clay differs somowhat from that purmed in ond mized with the mare solid materinl exca-
ainking through selid rock, ab any mte in the iwode vated, A man who beld the st of the Sexihle hoae
of attack, attachod to the ajector wanipulated the some in such
I the Queensforry cadssons the first thing 1o be ' o maoner that a certain amount of the sir fnside the
dime was to fix pipesin the airshaft, one far the  chamber wis allowed to onter into the 2jector pipo
admizdion of witer, the othor for the removal of with the mixture in the sy, Thin adr i escayin
il dhiliited with water, As phis process of ejocting cazeied with it s certain smount of lignid, and hm,-r,ﬁ
matter will he described further on, it mead only be it out at one of the openitge o the cassons above
wyontioined that hj,'dll!gtw:i tho shaft firat, and nexta water Jovel, The wperation is shown in the cot
space undorneath it in the aivchamber, was eleared, | figured hore. It fs somowhnt poxsling at  Gost
aml secess had to fhe Intter. As scon na the bo understand why the aie pressare, wlich iy onl
ejectur pipes described alwve could be resched,  just oqual, op only slightly exceeding that which is
flexible hose was attached to them, and a largor due to the lead of watey outeide, should Lt

SrvkisG oF wie Caisas,

-

Fig 49,

Figr, &,

Fro. 48, SINKING THR QUEBNAFERY CATS50NS,

aura sppears to be that of severe paima fn the joint®
and moscles of Vhe srwes and legs,  As these have
hoen, in most cases, traced to hord work and con-
sequent copious perspdention, and also fo too long &
ptay under preksure, it lus been suggrested s n pro-
hable cnuse that small globules of air make their way |
through the skin, or letween the sking where they |

rovmain, and o the workioan peturning to drdinary |

TV TIRATLIC ATATF,

mamber of men onployel to doar the eafsson | dischargo a quantity of somi-sotid matorinl st s Jevol
of the sewi-fluid mud,  Greal care wis requiced | above the water; the explamation will, however, be
during this early stage of the work, and the weight | found in the fact that the selocity of tho air dun to
of the cabsann regulated W a nicety, for there was  this prossure is very mnch ligher than that of water
nothing but its buoyaney to prevent it fromsuddenly  flowing under the wie and that it carried
sliscending and smothering the wen below, At Jow | inechanieally along with it s noel of the fluid s ft
WALer W nlhl'l'i"ﬂ the most dengeroun time, thire | could convey.  OFf course the man whe sanijulated
belng the least displacement in sithm then, while I 'tho vl of the hoae i the sump had vo faul his way

atmospherio prossure, expand, and therely cause the | the weighe was groatest, and miereqver the cotting
ment nguitlsing paios in the joints, the elbows, | cdge restiug upn & treachievous prownd.  The men
shonlders, knee-caps, mnd other places, T sening  weeo gonesally withdramn st this time, and the aiv
eontlrmtiom of thia, the sutfurors got instant ralief | presare dininialiod, allowing the calssen to deseand
o returning to the high prossure.  Thus itim far ps it would go.  On one of thess nocasions
liappened that wany of those afficted with this|the endsson suddenly descended some 7 fr., md not
disorder spont the groater park of Satnrday after- | only thoade.ohamber but part of the ascending shaft
THNITL nu:ll Bunday unider air prossure, and only | boewing Alled again with mud and wlt. 10 {s satis:
came out when alsulitely olliged o de so factory to be alile to say that not s single life woa

it the solution of tls problon, and liad o va
the guantities or proportons of air aed ligqui
according to the wequiromonts of the moment,
Outziida the enimsan thie low fromi Lhis cjector wie
not continuons; but in gulps, liko that from a sngle
plunger pomp, wow i on loege wass, now oo thi
stream, and ot timon nathing st all

An poun ad all the woft matorial had bean ee.
moved, nnd w bed of stifier elay roachod, the ojector



oould bo weel only for removing the superfinoms
watir, wind picks and ey spadion bl o e resnrtoed
tooand £l matesind clurped into the Twekets and
hobsted out Ly te Jocks, ih.h.‘u of narrow-gange rail-
way were lnid down to rew sall bogles, on which
the slcips wors earrimd in all diveetions within the
chamber. Presemtly the hard boulder eluy was
reiched, which was nowrly dry, and which proved
teugher amd harder than anything the existi
tools coull work im.  Varfous means were bris
arnl gven hlasting by powdor or dynamite Tesorted
o, bt with little result. The rate of progress
lecame exceedingly slow, and the men’s enorgies
boame suite exhavated. Here Mr. Arvol's in
nulty  fortunnbely came boo the reseus, and he
devised 0 most simple, yet o most sficent, tool to
grapple with this difficulty  namely, o lydmulie
ﬁrr.'l.Hﬂ shown in Figs. 48 and 50, It comsisted
i the wain of v, b which o spade fs attaehed,
tho e fitting into a eylinder, which reprosents the
linndle of the spade, O the topof the evlimdar was
fitted & Dead-picee, which could I sof agnimst a
l]:jlw of batten or any otber  convendent objeet,
he esiling of the nir-chamber fumished the rosiut.
npwe, wpd the projeeting vivet hepds wers useful in
proventing side wlip of the bead oo, The spade
wad liftod Ly two men, a thind attending to the
fixing of the head and the turning of the cook
niliitting wator pressure, This was :ﬁ' the ordiuary
mmcunt, namely, 100 1. per squace fnch, less the
amount of air pressure inside tho eaizson,

The spado was set om the ground, the presmure
tarmnd o, and as soon s the hosd-piece had been
frmly sot sgainst thie celling the foll pressore was

ivin, and the kpade furded down into the eliy.

w owatar was then exlnustel and  the ﬂpnjn
bwought forwird, thereby detaching a slab of clay
Erepn 16 i, o 18 s dawpyoand frome 2 36, to 4 in
thick. The spade wis then set up again, al the
elay thus cut asay in long Fdges all over the area.
Many of those slibs of 513}' had to be cut to allow
e b be charged imto the skipy.  Any boulilers
too lnrge to pess through the air-sliaft wore sither
drilled wmd hlastiad, or Jedft in the ehanber 1o be
herveafror incafporated with the eoncreto filling.
The witer discharged by the spades had o e
eillected in a sump and discherged through an
ejectur,

In digging or underentting the edge of the cs-
st all round, the spades Dl to be worked st an
anghe varying feom 30 deg. to G deg., the rivet-
heads voming in wsefully hore o peovide o good
ok fur th;nﬁm][rim of the apada,

It wndercutting round the sides, portions wees
loft standing to enrry the weight of the cnisson
whili cxenvntion was sbill going an, and these por-
tiofis were by digreos romoved  ontil the hoarin
Aurface Becane tor small b sustadn the woight, am
the caisson settled down into them,  In proportion
it the cnison desconded, more waight wan nedal
witn the top g bt thin was alio esjuired to e done
with care, for fear of displacements taking place.
After entering inte the hard elay, the endson odige
wad nenrly sealed by the pressure of the water
upon the elisy cutside, ol Bstosd of the pressure
u]lnir correapimding to the head of witer outshile, n
few pounds suffleed o keep the calvson dry.

Thus, in the easo of the Queensferry north-cis
e, frunded st BOEE Telow high water, the ont-
wide lead s oqual to fully 42 1 of air presaure
immice, but it wos actually workisd ad finished with
n pressure of from 16 Th, to 18 1b. per square inch,
after opee the hard clay had been ontered.  This
mnds 1t, of eourso, much va=ier for the men to work
i, aperl from A comsidessble wnving of wenr and
teir of the muchinery,

1t will bo readily underitood that it was of quem-
moant importance that the cafssons, whon sunk to
their tinul depth, ahould bo in the vereect positions
laid dowen for them; et it is ogually easy Go onder.
stand bhit in sinkboge such o mass it woold nob ke
" tdeal to canse o displacoment in one way or
other, since there is nothing 0 hold it in jts proper
wentre,

The position of each eaibon  waa  therofore
chucked nearly every day, sand if it dovinted in any
way from its right course, steps wero at onee taken
to ewedy thia.  To do this it was sy nee to
undevout the enisson edge im the sile tio which it
liad wnowd, sml bo gradually e it o s soall degree
in thie diveetion of that wiito, When this Bad hoeen
done the enisson was aunk (ucther down  for a
digtance with this tilt on it, and was then righted by
undercutting on the high ride. This was sepeated
until the contre of the esisson had got back to its

(28 )

woper poaition.  The slight upward tapar in the
E‘TI?IIIII‘iIi'Al partion nf tiﬂﬁuim-#u nddalh“nunw Titkli
help in ﬂmi]- direction, amid (he writer thinks that 4
little mnre taper than that given to the Forth
Brilge caissons woukd be found very sdvontageous
lu future works of thin kind.  Another plan s o
get up inside the air-chnonboer and againet the top of
the aloping plates of the shoo, & number of strong

-

in khe direction in whicl ir is intended thit it should
g This should ilso he done at high tide, when the
huoyaney of the calsson is lngest.  Awinall tiings,
s hare, prevention s botter than enve, and it s
st ta ilaaj:-n sharp eye upon the workmen in the
chambier, t jusint that the edge e undereur on the
nutside to the extont of 6 in. to 8 jn. all roond
befors it 18 allowed to descend, and to have tho prwi-
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Fr 81, Secmioy oF CASsONE WITH AIR-LOUKS AND WORKING CHAMEBEIL

TABLE No,

— Bouth-West.

Lovwmelivd and towed b0 lerth ... May 20, 1884
Unmmenced sinking ok we | Bopt. I, 1884
FLavel of  cutting odge st some-

menuement elow high watar . 3
In final postion . v oo, G, 1584
Lowel of cotting edgo bolow high

wiikor ... 'y B i
Comunenoed  oonereting  of  air

chambar .., Do, B, 1884
Findaliel ooneroting of airchamber  Dhes 17, 1584
Comorele up to granito loval A Tel., 18456
Pier completed .., ¥or iy July, L8RS

tiralwr strats at an ougle to the peryendicnlar, ol
well soeurmd st siima tinher or stono in the
sodi] gronmd, in should be done yrevious to the
onizson being allowed to descond.  When it does s
uil theso strots have a tomdoncy in descending to
looome longer and to force therdby the caisson over

V. —Proaress or Work wrin QueessvErRY Calasnss AND Pigns,

South-Fast, North-East, WNurtl-YWienl,
Auvg. 24, 1884 | Rov. 24, 1884 Dee. 3, 1884,
sulimersed

Jan. 1, 1885,

Floatad ngain

Oot. 10, 1R85

Kov, 24, 1884 Jan. 98, 1885 Nov, 25, 1885

3 £t a7 i, 2 I
Tol. 4, 1R8L  April 10, 1885 Faly, 4, 1880
R B fi. B3 ft:
Fol. T, 1885  Aynil 14, 1885 Teb, &; 1880
Fob, 18, 1885  April 25, 1885 | Feh, 10, 1886
April, 1885 dluna, 1885 Alarch, 1880
Sepit., 1850 Sept., 1885 June, 1886

tiun elooloed s froquontly as possible, inordoer to find
ot v moverment tooany alde at onee, aod oot allow
it £ Doconie too greal to Lo vemodiod. T working
m & aloping face, whether of ok silt, or nh{'. it &
geod pesctice to koep the cadsson tiitod very shightly
to the lower side, which has tho effect of fore-
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mdl ol wilk hed Leen removed

ravions bo ks Jaunchin

(30 )

the two Tnchgarvie cnisoons, & slrong

licing vcinodd : hence Lo greator dopth ab commmee.  timbeor shos was fized in cach of the two plaocs |

ment of sinking.

which wouhl come to He immadiately upon tha twe

When working o the hard  boulder elny, for piers (Figa. 30and 31), mili up of concrete hags on
twenty-four bonrs with the [oll complesnmt of tho opposite side 00 whoro the osisom wae hikely
twonty-sevon meon  helow in the gir-dhamber, and | to first touch the rock, The timbor frune was
with four hydrnolic spndes guing, o hocket was st | breught down fush with the outting olge, se wn to

ap overy five minnees, or 288 huckotain the twenty. give tho caisson a solid hase ta rast an,
TABLE No, YL—_Natvre axp Dermn oF Stnara snuonei wiicll CAlssoXs WERE BUNK.

m vol of mud or silt

: elny and boulder elay
‘F;ﬂ_:, :: cutting odigo ab find i

e

Trpth through hanl groond ...
Total excavabion in rubic yrels

Pk s ans

four hours, which woa eguil o a Jitflo over § cahie |
}'umurr man por twelve howr shift,.  The total |
am

tev 145 cubic yards for each Gt in depth.
mte of
!m-umh{u oircumstances, bnt was of oourse Inrgelr |
above the avernge daily work,

The difforont strata theongh which the caissons |
passed, ware — water, depesived mud, st mud, |
ailt, a Inyor of pebbles and stones, soft elsy and
boulder clay, T the last stratn were found large
rockd well rounded off, of grasite, limestone, froc-
stone awl other kinds, many of which showed upon
thoir flat faces, the distinct grooving or scoring dne
te placier action, Ameth and pebhles of all
aorta, and Inrge rowimd honlders of conglomerite wera
also Eoungl, but no trces of fossils or of animal life,
not evin & live bowd.

The exeavation finishod, the chamber was elonred
of all materind need during sinking, and propsatione |
ipada’ for Blling the whole spuce with conerete, The
bottom ends of the air-slinfts wers glosed by platos

wovioaely  proparnd, o which  was atteched s
inged dior oponing downwnrds,  The large air
locks wora then removed from the tope of the shafts,
sod snall tubes 18 in. i diameter fixed inside and
carrivil wp some distance to o platform, where the
venerebe mixey was atationed, A valve or small air-
tnck was sot on the top of the 18 in. tubae,  Outside
the latter was of eourse ordinary stmospheric
pressmre,  Sunilar armogemonts were mnde for
the other small shofts placed i the eaissoln from
tho Leginming, Conerete waa now depositod close
to the Tock, o signal was given, and the lower
daor in the aivchumbar was honnotically sealod, the |
nir let out of the shaft and the upper valvd openod.
Conerete way shoyelled fn Il the (dps was nearly
filled, the door then clesed, and o signal given,
Thisss bedow then opened o smsll valye to lot com:
pressed air into the shaft, the lower linged door was
opencd mud the mass of conerete fell on the Hour
wnel wie taken np into barrows and carried all round
the sdoa. Thore 6 wis Fu'ml'J.r romumed, in amd
pounded with wooden rammers nite overy hola ard
eornor, i thive gradnally ladd op the slaping face
of the shioe,  Against the coiling alse the conerete.
was carefully ronvmed, anl ths by degrecs the whole |
chambor built in, Teaving only passagos betwoon the |
plnces whero the concoote wa passed down,  These
alw were by degrees filled np, amd the last of the
conorete hud to be passed thromgh the mon's lock and
alown Bhie mir-aluakt i boekebs wiitik this also had L he

fillol,  The air pressuro was of gourse kepit o durin
ull thiz time h-"l]iﬂ-’j_i the watar from ml}n in m»ﬁ
out, Fiually, all the shafts were filled up,and ceament
t wae rum into these until # stood ap ko the
ovol of tho water outside, the pressure baing kept
on those shafts For sbout thicty-six lours longer, |
The remnining sjice of the caisson aliove the nir-
chanthér was now illed up with conerote to the low-
waber Joval at which the grmnite courkes sommieneod.

The conerots in the air-chambar was of the follow-|
g peeportions ; Towd the eutting odgs and mnler |
the shos, and for about 4 Tt all round within tlis
spnen, 27 oubie fook of stome, 04 cubie feet of cement,
awd 0§ cubic foot of sand.  Inside this apace and
ingide the eadsson nbove tho air-chamber, the propor-
tinmn were £7 cubide foot of stomo b6 43 cubic foet of
cemont, and 43 cubic feet of sand.  The
wis piire coment and wator,

Isotinanvie CAmssans,

With regard o the Inchgarvie south onsons,
e wds of warking vavded soniewhnt owing to the
nnturo of the ook battom.  Tho proparations which
lind been mule for the reception of theso cason
anid tho Jevolling by muand of conerets piers an
sandbags, has already been descrilied.  Provious Lo

of axcavation over tho full ares was oqual | chains Jlm'.'idl.‘:d for them, snd, in sddition, \
LEwvon this | stoul wire ropes passed round them, the other ends esisson, and Gf it had shifted i was ab ones billcd
wogress waa frequently exceoded undor of which wore passed round the north piers alveady | to ane gide and epeedily brooght back 1o its placo.

grout uned |

o 1. 274 1. 40 1t. b £,
= 48 ft. b24 frl il S G2 ft.
Tl 74t BY fi, Bh 1t
£3 o El}%nlb. | 14 ft. AT
0052 el BT [ |

When floated scross from thoe WJueonsferry jetty
the caissone were al onoe attached to the mooring

]

BTIITEE AND WELGES IN ATR-THAMDEL

built. Carefol watch was kopt day smd wight to guard
peaingt secidents, nd forther loading with comeretsa
WAH L NGk _prmmt.'lml with, while the rmuaini

machinery, pirlocks, &c., were placed inside, an

the ﬂoﬂﬁn tubes for the supply of compressed air
and wator, attached. As soom ns the el com-
inmced to bouch ground s Jow water, the loadin
was suspended, and & descent made into the air-
chamber to examine the points where the outting
edge wne touching, and to put in mny further
rupport that might be con advisable In
this way two plers of sandlags ware buill op o the
coiling as au additional safeguard agamst all'ipping,
amdl thesa plers wiere near the emibe of the caiason,
but rather on the side of tho conerate piere.  Work
was now gommmenced o short shifts, both boafore
nud after low wator, in ordor ko eowove as niuch
roek g pemsible under the cutting sige an tlie high
while, ma it wis deemod advisalilo that ot least cme-
fourth to one-fifth of the ciroumforoncs ahoulidt rest
of the solid rock aud in o sork of clinse bofore the
caisson was loaded to such nn extont as to paovent
its floating eveln b high wator. It was thus fully

e fortinight after the calsson was moored o its
place lefore it was allowed to settle down, and to
rise wo wore, Exeavation then commencod in

purnost, although the mie of progross was slow at
fivek owing o the eomparstively small ares which
could thow be attacked. The mwle of working wus
vory simple. A pumber of holos wore dreilled af
first by ordinary hand jumpers, one mian bolding tho
irifl and two striking ; later on, by the ponenmiatio
rock drills drivon by gompressed air at 70 b, to the

egquare il The hales were drilled wmder, and |

some 12 in. beyond or outside the entting edge,

pinl when earrial bo theic full depth wors [ﬂuggﬂlil

and  others  procesded with, until s solliciont
numbir wers |llnm.'.

explosive aud the chiarges fired.  In thess calssons
nlan, blocks of ok were loft standing for the
outting edge to rost upon, while letweon them the
rook was removod. o rock-drills wore gl worked
within the area of the chamber so far ps the bettom
win uncoveted by water, and where possible
ardinary  suarrying  with erowhbars and  heayy
inmmers was cartied om. At find the clinfges
sy fived Ty Hine-fuses, bty a5 the nmuber of
holes inorcasd, iu:aulnwf.{ wires were wid to the
borehioles, the ends being gathered togothier amd
Irought up into the afcshoft, whore they wors
firead by s clectric battery simultaneoosly, A
wodon trap-door wia provided o class the Taottom
iof Wl air-shnty and prevent the fumes from passiug
apwards, all the men being withdmwn during that
timo, After tho charges wore fived the air com- |

| romainder, were ok onee sot W Lo

g1l |

They were then chargel with |

preears wete worhod af somewhat greater spoal
to increase the pressore, snd the clunbor was soon
cloar again,  The fring was done fs oftem a8
nasible ot the coel of n shift to conse tho loast
dlay andd bima of time,  The firing of the blske of
rock wpom which the enisson vosted, wae penerally
dome il low water, the calsson crushing futo the

(ikébrin with ireesistible force. A wumbor of won
! then despondod and clewved away the dileds, whici

waa senb wpomn the skips, pnasced I.hrnn%h tho
lock, and discharged over the side sa desoriliod in
the esso of the Queenaferry plors,  Anothir lot of

inen claneed away soma of the ssndbags wd ont

uniher the odge into the coverate pios, while the
rill froehi holes
whore isolated points remained standing.

As montioned in connoction with the Qucoim-
forry caissoms, earefol sxaminstion wis daily mads,

| ur avenaftener, as to tho position of the centre of the
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I these entasons, of couene, Hlisafy prozsure becamo
gromber with evory desonnt; For the water lad foll
neeess b0 thom ab all times. O the other hand,
the mbmosphore wis sdugularly sweet and fresh, as
a lurge quuntaty of air was foroed the outting
odgo, ol ascvndasd in a moss of bubbles by tha
wide of the raisson, looking exactly ae i it wero
hailing wll vommd.  The estfect of this is ehown oni
Mate V6., whare the gonth-cnst ciisson is noarly
down to Qs tinal deptl, while the south-wost ia
Himting: still. The caissons wore Helited by s
b e ] isenaedescent buupa, and s laege was tho
air-chupbaor that it peguicet bve or six lights of
2000 erawdle-powar ench, to give a tolerble light ;
it tock wiwdh care and trouble bo protect the lungs
i asting.

wind cablas nlﬁu'mlﬂt tho effects of
The rock-drlls wore of an ardivary byje, monnted
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In thess two calssois &

stools or standa for vertionl or | good working ardor, they drilled & large wwaber of |

sreep-inclinil deiling, and on timber fmmes for | koles in the course of & dn

horizmtal op nllgil;lly-indl:nml working, Tho ar-| 'LJ
which they were wsde bo dis- | hill manifested Sulf strongly, sul powerful Yimbor
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TABLE X, VIL—-Procuess or Wonk ox Iscnuanyin Carssoxs.

Laumched S b ke LT falcE
Towed to it berth, Tuchgarvia
Touehiod groond at Tow wator
Iirat descent o clmmlber
Commencement of sinking Fos
Lovel bolow high water st eonmmenceiuent ..
In final poaitiog
Tevel of same balow ligh water
Commonond eonereting chnmber ... X
Finished conereting chinmbor .. i ;
Calon Allud to amaite Tevel...

First granite Jaid i
Dier completed ..

() mes

e mEE BaE

e e

aai - e wan

ELL o neg Bes

| Hunth Rast Calseon, Soukh- West Cairaon,
| March #0, 1855 May 20, I885
oo | May 15, 1885 July 16, 1885
May 95, 1885 July 20, 1R85
- May a6, 1845 August §, 1885
e May 27, 1563 August G, 1885
&l 1k, 04 1t,
v | CAugust 15, 1885 Oetobor 1, 1855
- i i 0 in. T2 Llin.
Aggunt 14, 1885 Octobor 2, |BES
Septembar 1, 18805 October 10, 1855
Septomber 15, 1855 | October 30, 1855

2 Beptember 19, 1855
| November 20, 1885

Outobier 30, 1885
Pabrunry 22, 188G

charge the compressod air by which they l.mre'ntrum pnd Lardwood wolges ooverad with  steal

drivon inte the genoral atmosphicre, did

wvice in koeping the air pure juct in tIHa
e, and when fn | moved.

where niost of the men congregat

twer- | platoe Sl to e employed to keop the eiuson

dnces an it posdtion, or to foree W back wlien it hal

Thosy truee sut on prepated facer on the |

vock, s shown ln the kkutell, Fig 62, sud Lheie
wetion uprn the caisson will be ily nmdomatood.

The actunl blasting of the rock undar the cutting
calge dees mot sppear b hiive injurud the stoe) oo
in wny woy ; but large chip of rock lodging between
the outside Do and U fren pluting cosed sione
tndontations, which were not, however, of any
IJDBMIIILLI[J.QIL

Ui several oceasiond photogmphas woro taken in
the air-chamber, somo of them requiting an ex-
prosure oo Gifteen ta bwatty minuabes; Dt ITwy WoTs
uot very soocessful, owing to the chunges in the
atmosphicrs and the. pocortadn leght of the arg
lamps. Whenever tho air pressurs nersmsod toa
sliglit oxtent the stmosphirs became quite clear
and “tranaparent ; thon t]hn air would rush out af
wonni paint undor the cajsson odge with o nidse like
distant thunder, eid o grent wave of oold wator
came rushing Lack.  Thid cassed o donse white !1.3
tis suddenly cise in the sie-chamber, whioh absoure
evorything for a few woments and then gradually
diqumm.l aEnin.

Through the gaps loft in the heaps of sandbags
a wimuber of strange visitors wasl o make thoir
appoaranee, nttractod, no doubt by the glars of the
Ilg'hml chamber, whicl at night coull by distinetly
seet) from pbove— such as snlinon, dogfish, sctopu
iy othor fish, orabs, a8 lage nunbor
lobstorn,  Onn u} tho Inttor—a In Apeciinmm—
got vory excitod in the chase after him, nod luaped
up nearly the full height of the chambior in hin
frantic endeaveurs to. esspe—ifinally jumping into
an owmpty dkip, whenos he was promptly transferred
to thie boiling. pot,

With regard Lo the working hours of the men
emroyed after the caisson had onee settled down
on the rock, wiek was rriod on day and night,
the only stoppage: being fram 6 o, on Esturday
il midnight on Bunday ;3 but the aiy compressors
had to be kopt going all the time, and the full
wressure of e mainksnod.. Watchmon wore also

ept enstantly on duty in the chanher whon
work wad not carvied on. . At frst the men worked
in edght-hour shifts, with eight houwrs off, Inter on
six-hour shifts with ax hours off, and Gnally, in
the higher pressures, with fourhour shifts o
vight hours off,

The tutal sxcavation for the four pierson Inche
garvie, and the four plers on Queensforry, and the
four piers on Fife, arc given in o tabular statement
further down, togather with ather quantities,

The total of the wagea paid by the sub-contractors
tas Ll employde, including ma ors'y Enginoars)
nind titwe-Kosysrs’ salarios, amounted to 1l 156, per
el yanl of rock exesvated in the [ochgarvia
south-east exiason, and to 2L per cubic yard m the
Tuchgarvie south-west pics,

Neithor of the Inchgario cnfssons wus cnrried
down to the full depth contmuplated (soo Fig, 53
aa it wia found that only o very small sres romadn
to be filled op whon e caissons had gob fo Che depth
where they wore Joft.  These plnces were carofully
levellod and stopped, and ivon jdates were fitted in
ts atlowes the gap betwesn tho esieson edge and the
rock, and the spmees wore then mmfuﬁ; huilt u
with emerete bags and. the whale grouted wi
cement ut slagk water.  Upon this foundation con-
ereting was comunensol,; and the whole chamber
E!““’«“'-“I;’ filled with concrote in the mauner de-
neribad for thy Queertaforry caisans.

In Table Xo. VIL are n fow dain of interest in
counsetion wilth thess two cafasons,

Tie Cevean Grasire THERA

The foundattons below Tow-watiee leovel of ten cut
of the twelve circular piers, vary both in size and
sonsiderably in depth, but above that lovel they wro
vinctly alike. The twe oxeeptions are the twa
north piers on Fife alresdy doseribed,  Their fouss
dativns start nt T ft. below high water, und thoy
are only 45 ft. in dinvetor onder the pecking
course. In all other respocts thoy do not differ
from the remsining ten i In all these the
graliite masaficy starts of Jow-water Tovel, or 18 7t
below higl-water lovel, with i dinnetor of 53 0L 3
riged with u regular stealght bmtter of 1 u 103 o =
hoight of 12 ftﬁ“ill. abave high water, whine thia din-
toter iy 49 fi., and teemitiates in o secking nmld s
coping eotrse witha somew hat rounded topat exactly
1B ft above high water,  The oomrses of grsnibe, of
which there are pinstoon, arc rock-faged, wiitle
necking aud coping are of drossed grmnite, wd they
vaty in thickness from 21 in. in the lower to 16 in.

Lt the upper eonrses, whileibove those 1ho nocking
i3 10 jn. o] thie coping about 50t o, thickness,
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The Tatter two courses sce of Cornizh

pdges dressed to the lmtter of the picr, and

ta | about § ft. apart.  Owin

niti, l‘!l"jﬂiﬂ_lit in numilber, dn four rows of I!:'In-h'ﬂ ench, weight of slightly over 3000 tons, or, roughly,
athers of Abenleen granite, both light mey in | They are sct at 2 ft. 8 in. and 7 ft. respectively to| 200 tous per spun
colour.  The blocks of rock-faced gmuite lhave the | wnchh side of the centre line, and are longitudinally | by Messrs, 1 !
to the inward sct of the | eomtract including their being put together and

wora built under w sub-conteact
nmtl W. MeLellan, of Glisgow, the

horizonital and vertieal joints. The eoursos are | hottom members fn eantilevers, rather more than rivotted up on the staging provided at the Forth
-.Itenmtnliy headers noed stretehers, with o bond of half of the bolts are set in & line pamllel to the
1

it Jusess Ll
ke ecient.

rublile, Tt a large number of whinstone Dlocks
rotiglly suared weree alse budle in, 1o building the
pier Lhe rmbble masoury clesely followed the settin
of the grauite, and both vertion] md herizental bo

wig strictly observed.  Detwoon the eonercte in the

funndation aud the robble masonry inthe plers band
was ilso estublinhed Dy large blocks of whinstone
sjuated to oblnin proper bedding.  (Sce Figs 54
nird B} At this point » wrought-iron belt 56 t.
i, in disputer, }E b, inodepth and § o, thick
miade 0 sections i veteed togotlior, was
anl buile in. A secoiul helt of similar streng

nin. Tha joints are ot more tha | centre line of the
§ in. wide, and pre pointed from the eutside with' the deviation of the bottom member.  In ordor to|
bring the largest pessible mass of masonry into |
Tt bssrting s principally of fiat bedded Arbronth | play

, the remainder following

the four centre-lolts of each outside row
are bent outwards, as shown in Fig. 54, and to
prevent nng teariug  action u the nussoury
which would be |)mlcl.l‘mu3 by the bolts being drawn
tight at top, cast-irm shoes are inserted at the
point of kinking, and these are held togethor by »
E\.{r uf umgle-bars to each pair of bolta,  (Figs

b, 87, 58, and §0:) The holding-down bolts are
of n specin] stocl. They are 2} in. in dismeter,
with an enlar b to 3 in. at both ends, where a

!werew thresd Ja_cut wpon them, They nre sbout

tII:, Tt |

nnly 45 ft i dismetor, wadl built fnoaboot 2 f1. |

below high water, sl o thicd belt of donble
strength, or Iun. thick snd 39 8, i dismeter, was
buile 3o just bebined tho coping cowme. Al these
nre shiown in Fig, 4.
When the la!-'aii".' it below hizh water was reached
& tempueary timbar stage was crected and carried to
the Jevel of the nuderside of the fixed bedplato
about IT L. Gin. above ligh water. Upon this o
tempdet of the bodplates mpde of light angles and
i plate in foor sections bolted tegether, which
il all the holes for the holding-down bolts iu it
wia laid, correctly centred and screwed down,  The
holts with anchor plates supportml by nuts were
then  carefully set up and Luill into the rubble
masenry, & space of a few incles being Jeflt round
cach bolt to ndmit of subsequent adjnstment, This
in very distinctly seen in Plate VIL—Inchgarvie
north-cast pier, The building of the pier was now
eontinued, the position of templet sud holding-down
bolts being frequently cheekeal to lnsir corroctness.
From the plan it will ba seem that the eoping
cottrse consiats of alternate headers and stretchers,
The top or erown of the pler is slghtly sphericil,
atl is built wp of lLlecks of dreased Abendesn
tanito from I7 in. to 18 in. i thickness, The

23 ft. long., The anchor plates are 2 ft. wpuars
with a long bosa, stiffened Ly four di rilis,
il are hehf by an ardinary nut, The Lielts recaived
neveral eonts of tar before heing built in. .

When the wmsoney lud been earried to within
about 8 ft. of the top the templet had to be ro-
moverd to allow the rulible to e plicod in position,
but it was replaced from time o time, snd the

itlon of the bolts frequently checked,  An the

eils of these holts 1ittn:i in the lower bedplate
without any play whatever, it was necessary thit
thetr position shonld be absolutely correct,

When the masonry had pot op elose o bhe
under mide of tho bedplate the kolts were again sot
with the greatest eare, and tho spaces left round
them wers fillsd up with cement grout to within
alwart 4 £1. of the top.

Immediately uvnderlying the badplate, and with
o view of making n perfectly level bed for the
samie, eastiron Idocks, 12 in. square and 4 in.
thick, with & hole whieh only just admitied the
hiewal of the balt, were placed, enrefully levelled b
instrument and sat in cement, the wpaces all row
and between thess being levelled Lo the Lhickness
of 1 in. with cement,  In addition to the round
hole o each DLlock, o slot waa cut and o tapor
wedin driven hand into this and agminst the sorew
thread. This was done to prevant borsion in the

ocks fitting into and adjoindng the coping course | lolta when the limge npper nuty vequived Lo be

were nll

belug cut out to rocnive the latter,

out to wooden templets sent, the remainder | deawn tight.  On the bed thos prepared the lowor
Leing arrangsl in straight eourses,  The blocks ||1'1.'|-iI Liedplate

ject from 6 i to 12 in. under the bedplate, a recess mrriiJod.
e remaining | well aa

wiy laid in the manner loreaftor de-
Tho hesdn of the holding-down bolts, #s
unre  washera, nubs, &e, are shown

space nnder the bedplate is mnde up with Arbiroath | Further on in connection with the bedplates,

rubibile masoney, nnd in e oase with a tolerally

thick layer of Staffordshite Blue hricks built in | [ASSG oF Tk ArrRoacil ViAUUCT GINDERR A¥D

coment.
The murtar used in buiiding the piers was through-

UNBERDUTLDING oF THE Piens
The holght ta whish the piers of the approach

out of one part coment ind two perts of sand, and | vinduets lind to be earriad was 1301, & in. above

was mized in a pugmill elose by,
Cranos .

Al hiret

l:.nru:l.hi::rh wator, anud the guestion how best to deal with
mly were weod i the building, but steam  both the erection of the girdera sud the Inilding of

vranes were nubstitoted an bodpe more hualy sod | the plers was oltimstely sotthad by docidiug to put
expoditivns.  Both granito blocks and rubble were | the ginders together at any conveniant lovel, and
Vimnpdlbenl nnd aet iy wiensis of poipted chain-clips, | make the lifting of these awd the budlding of the

hules being picked for the
Zhe hokting-dowu bolts

W
cach pier wore forty-

masanTy n simultancous operation,
The ffteen spans of iﬂﬂ ft. ench, of & total

Bridge.

The witdors: st b G- ety doublsltios
gider type, conddeting of two parallel givdors at
16 fi. centres, having trmtgll-ulm}m] top il
bottom booma and side bracings consisting of huter.
secting disgomal struts and ties, The trains run
o the top, the trosghs of the twe outside wils
forming the top hoomns of the girders.  Fach span
i divided nto cight bays of 21 ft. osch, which i
alsn the height of the givders, and ot the inter
seckion of wtrufs and ties & vertieal support fa
carriod nipwanda to the top boora, A cros-hearer
oocurs every ¥ IL, or theoe to each bay, nod carries
not wnly the two troughe for the inside mails, hud also
projects beyond the two outslde troughs for & dis-
e suilicient ty form i 40t pidh on each side,
amd o suppert the brackets of the wind fonce,
The floor 15 made op of buckle platas.  The bottom
booms of the gleders are b latarally Ly lattico
girders intorseoting at contee, nnd there are wlso
vertical cross-hencings of double angles st suitablo
distanoe.

Twir apane are made conthusous, and expagmion
jointa wro provided over every sccond pier. Tho
onds of ol the girders rest on liding  hodplates,
e rollers being wsed.  The dotails of these girders
eall for o apecial remack.  They were originally
intonded to e Tuilt of wrought iron, but, iu view
iff the clisapnes and excallont quality of stesl, the
latter material was uitimately adopied.

Vorious cicomstances  combined to fix the
height of the staging on which these ginlers wera
put towether.

n the Fife shore the high grdund upon which
the cantilover el plor phers 10 and 11 were
founided necorsitated the putting up of ateging to o
Weight of 41 ft, Aliove high wster ; the four pioms
10 to 13 having by September 30, 1853, lom
beought up to 37 ft. above high water.

- this staging the ginlers wore orected and
wivettod up, the Inst longth next to the narth cantl.
lever end pier and nesrly half the length of the
G betwien plor 13 and the abutent being 1ol
ety howaver, for the time lwing.  The eantilaver
ont] pier hed boen boilt wp to n comsiderable hoteht,
pid betweon jdor I3 and the abutment s public
rond passad at s onteiderable height above the then
level of the stagiine,

As the wmode of madsing the givders will be mortn
[olly describod in connection  with the soull
approach  vinduet, it will be sullicient tn state
lwre that, in order to caiso the cnd of the girdery
ncorest the eantilever emd pice, & sel of staouy
eolummns were built up snd lengthensd Ty degroes
an e lifthge proceeded; and upn thess the
hydvaulic ¢y ||.1.Rcra werg placed.  The wede of
mising was mimilar Lo that employed for the Jarge
platforme of tho sentml tawers, and fully deseribed
there, T'pon plevs 10, 11, 12, and 13 the lifting
prrocoeded in the wsual wey, but; not far fraom the

abutment, o sot of eolumne similay toc those ab the
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other end were used.  "When the girders had been
raised Lo A point sbove the cantilever pier and the
nhutment (as far as these had by then

girders mniseld up to their finil position. The first
lift of these ginders was minde n]ln

October, 1885, to level 42 ft. above high water,
and the Tast 1ifk 1o level 130 ft. 6 i shove high
'lrn'llait; ol F:uhgmq 15, 1887,

! conmoctions of the ment wiy om this
vinduet with that on the mm at umr:ymd and
with that on the masonry arches ai the other end
are mide by means of expansion joints, idontical
';th t:’:fm usend mhn fixed ands of the Fife amd

eoteferry cen cafimect ﬂnh, and full
ribod in comnection '.rlthht?:— 1'.tr|u'l.-i| 1
Ot the Quepneforty shorn, owing te (he rising
groutkl between pier 3 snd the siuth sbotment,
the givders had also to bo huilt st different levals,
sid - were only joined whem tho varions partions
had arrived st the same level  The seven spins
fram pier & to wouth cntilever end pler vwers all
bmilt on ataging erected between the pi and
rising te & fow feet ahave the masinry, Eimur fir
allow the lifting ram snd lifting girders to bo
placed hetwoon picrs and vindoey girders,
Piers 3 to 0 had been brought op to level 18 #,

aheve high water early in Jnooary, 1884, pior 6in |

March, 1884, pier 7 m Oktoher, 1584, plor 8 and
oniitilever picr in Folwoury, 1885, an yier 1 in
June, 1855, The delays which cectirrod were dua to
difticultics and to o lnrgeramount of work in connee.
tion with the eomstruction of the cofferdams and the
building of forrdaticns nnd Yower porticns of these

it the middle of of

T T ey " %
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HEATING FURNACE FOIl PLATUH,

| piers; but so moon us any of them were completed, 1 in. up to 12 in., was placed under the gindems o
the staging between was built, and » start mude twe or thres iy by means of long wodges,

i th been built) with the erection and rivetting of the visduet ono worked from cach side, every lift was closuly
e twi ends were joined on, and the completod * givders,  Thus it was possible to have everything |

I_'Iﬂ“n’ﬁl'ﬂ up to prevent sudden deope, shuuld tho
i | liydeaulic prosacs give way. ‘Whien a life of 1 f1. had
thuw biwn made, the givder wis packed ail the
wn hack into the eylindor—
|ate on

rendy and Lo commence lifting ourly in the mon
Yy, 180G,

Piers 2 and 1 boad in the mesn time had their wes flectod —that. is,
foundaticns lail and thelr mesonry tsised 1o about | and & hardwomd block with a strong sty
|43 ft. above high water, whiln the abmtment on top | top was wnderlaid and o further it ninde,
of the hill was raised to 110 foot above high water, | Ab first it wan attemptod to mise the whole

For the purpese of raising the visduck n box  wass: of over 1400 toms at once on all points, bat
Jgivdes of prest strength, sbout 22 in, deepy 2 It | this was net found to work very woll, wnd it was
(4 in, wide, and some 24 f1. i length, was |ilaced | then armnred b0 work 3 ine st the time anly, amd
| directly under the girdor end-poste—that is, along [1ift en each pier in stccossion, No accumulator
tlie centre of tha piers,. D thie raduing of the | was - used, but bhe pumps were just kept going
|girllerw tempornry eonnections had been made be- | until tho pivders woro op. A= a role the hifts wore
[ fwienr girders at these places where expansion and of 3 7t 6 jn. at the tme for two courss of Torsinry,
|eanttmaction eonld take place.  Immediately undor but ai times a foot more or 8o was dane, according
el main girder s hydranlic vam, 14 in, in dinmeter | Lo reqnirementa,
and 16 in. stroke, was inzertod in the box girdor, |  With tho last ¥ift on wach ocomsivn the peeking
and wis made s fixtore in jt. Thore was thus s | 'was 5o armangod o to eceupy tio leist foam wymn
length of girder of about 3 ft. ontside each cylindor | the masonry last dono, and the masans thin at
for preking. Al the cylinders were comnected with | ones procecded to set the ganite facing and build
faroo-pumips, which conld producs a pressure of  tho rubhle hacking in overy plee that they eould
a5 cwk ||mr gjuare inch, the pumps boing placed | get at, taking good core to loave the work sa ns ta
within the bettom booms of the viaduoy gindes, | make suficient bond with the remainder,  After
which were completely decked over anid used as | sllowing forty-elghit hours for tho setting of the
rowd, Nelng fenced on oncly sdde, and having two | new work, the weight of the ginders wis shifted on
narrow-cange lines Inid down oncit, during the time  to packings lnid on the new work, amd the Tomnin.
of Jifting.,  Hound euch piier a tlober plagform was bog peorthoss of the teiv or thive couvses, ma the
sospendod from: the givders, so aanged that it case might hey, vers then Imilt b, Aftor due
platiking could be bronght up close to the masinry allowance for the sctting of this work aleo—
i the piors diminidhied in sice with the sscent, | anwther forty-elght hours genoally—s froch lifh
(O (s pletform—which s cleasly shown in Tlate | was ma

«



All materials for builling were misel to tho giedor
Lovml Dy mieans uf twe Bodsbs statimid ot either eud,
arul the materials so raised were run on teillies by

boys wr deawn by Shetland ponbos to the places |

Fig, @
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clusively, as it was foared that the eancrete eould | removed from under ity and s transfared « span
not ot snfcioutly hand intlie thie allowed hotweon | firthor forwand. .
the lifts, whils the Arbveath rublile masonry set|  Alter thie piors wero in podition Ehe tnhdi.lu&nmr}'
firmly aul solidly in about thirty hours connections ot the joinks where provision broen
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where thay wore required. Thus granito Wocks,
Achroath ralible, and mortar, were all prepared on |
the jetty bolow aod Tifted up.

T asuist the mnsans in their work of Ihying |
granita and rubble an overhead traveller was plaged
e eneh mide of every pier.  All theso ‘teavollers
waore wirked by frietion gear amd clutches, both |
for hubstipg and lowering, o for tosvilling, an |
eidless wire ropo being run along the givders from |
ol toend driven by the same engines which drove |
the pumps doring litking.

When the seven spans hind thus been palsed o |
47 I, above high water, the next two spans from |
{sher 3 to pler 1—iwhich in fhe meantine el been |
erooted on stigring pessing over the Edmburgh-rond
—ware joined on, and the forther lifting provesded
with in the same mannor as before.  The Inst span
fromi sbimtmont to ser L had meanwhile been aroctal
on lt:lgiug nt levol 118 ft. above high water, and was
joinud on when the othier girders renched that leval,
the complete vimluct being thon raised through tho
romaining 11 fb.

The firet 1ift ot South Quensfirry was made from
lovel 23 ft. nbove high water in May, 1858,

Level 4% ft. sbove high water was reschied |
August 10, 1880, ;

vol 91 ft. aliove high water was ceschied Teb- |
roary 10, 18T,

Lavel 110 fu. above ligh wator was  reached
June 14, 1887,

I#al TS0 0 i or o) was renchied Augist 7,

Ko mishap of any kind soeirred in the course of
this work, sod in mo ose did the granite facing or
rubble backing show the least sign of giving way
during the underbnilding of the piers onder this
eonsidermble load,

Aftor the gindors had reachod the wopa of the piers
Hie evoee girders sud ydennlie saus . wore ronoved |
nrid the bodplate : subatitutod,

In nll eases tho thictoen visduct piers had the

5
‘,.J
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MACIINE FOI PLANING ENGES OF OULVED PLATES
Very little staging waes vacd in this mode of ereet-" made for expansion and contrnetion wers romovod,

Fi 1. 06,

hearting eotmtruotod of coticrete ap to the lovel at | ing, moat of the fimbwer being weed over and over and the remaining buckle-piatenom the top mud the

which (o gleders worn boily, hut from the t.hm.-l
lifting was dons Arhrosth rubble wes used ox.

wgidn, for as sooi an o gieder was rivetted p and | wind-fonee on both sides wara jhil on,
coulidl carry fisclf acroes the wpin Ehe staging was | Altar soverad conts of paint bad been put on the



iretiery I;ll:l-y wore left uotil the time whon the per
wnnent way was redquired ko b luid dows, Ooe
of the views on l.J.Lll!.ts VI shews the givdots

at full hodght,
Tiue Sreet.

With the exception of a few hundred tons of
cast-irot washers amd anchor-plates in the piors,

(

Joob of much aniows theupht aml reflection to the | result bolig one single porksecow shnvine,  abwoot
onginecrs.  But, in whatever way the degiajon was | one yard in longth, startod from te very momont the
arriverd af, there ean b no. two opiniens thal the ,1.lri|1-!uruulmr1 the stool and attached yet by the snd
choleo wan & hoppy one. From beginning -~pud | o the picco of seng aut of which it wes bored. 1t
prusbably n long time before the beginning of this | would o, |.|mlm.!r1zy, Lwi stzmining » fact to nesume
work —to the end, this steel was subjeted to ovory | that this bebaviour of tho stoo] under sevors teaty
conceivalile test, both iy a peoperly  seientific bad s preat des) boodo with the eonfidepe with
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which the workmen rogaded every portion of the

'Hll:lmill.ru. and with their balief chat o possible Tl
they could pile on the temporary platforms could
by any chaney bring about n collapas, 10§ true
thnt, in the early o &- of plate-Tanding, sowo thick
plates bvoke near the odgos in a seemingly mys-
terigus manner, Dot the mveatigations mmgu andd
e rensons adiduood in connoction with these frme-
tures weto anfliciently conviocing toallay any fealing
of distrust,

The Paanl of Trmde stipulations in regrrd to stecl
for structures, do nob go further thiin to Iy down
the eule that the neximon working stroes alioald
not oxooed oie-fourth of Bhe oltinato Lrealing
strain of the steal,  No difforonce is winde betwen

tho tensile and compirasaive stresses, nor is any re-
h'lhl Elll tar the ﬂiﬂ!mwuu lietwoom strossm dus o
e Joud o liva Tond —alone or in combination—unor
Lo the ciraumstances srising fron changes, scourring
uently or raroly, in the nature of the stressos,
Engineersy

fi
avefore Inid down, after consil-

DOTTOM MEMBER OX DRILL BOAD.

mied abemt 2000 tons of deadweight eonsisting of manner for | # of rosoarch or Investigation,
cost-iron bricka Wid in psphalt —which are pliced |and in n.nr;:ntimi; imsciontific wanner by workmen,
i el enids of the two Bxed cantilovors tenminating | whose anly excuss onn ba that they did pot koow
in tho cantilever ond piors—the whole superstrue. | botter. Bul inall cases the steel stood the Lest,
ture, frou ndiling-down bolts to e ventilntors un and o more uniforms, s omore laebogesous, sl
the extrome o l't'f the vertical colunma, and from  more satisfactory materind could not o wished for,
the gravite archies st one end to s ol the other | To unly quote e nstance, the writer lins m biy
endl, ia ikt of steel, possession several pieces of sorap from the shearing.

The chviee of & tuaterial for eonstrooting o |J.I'Ivl|gu| machine, picked wp promducugusly el plasal under
of novol design, of extraondinary magnitude, od | sn oedioary dinmond headed deill about 1 in. in
exposed duritg erection to the offects of powerful | diametor. A hole was drilled about 3 in deepy, amd
stuwspheric disturbanues, must havo boon the sob. | the nschine stoppod while yot the feed was on, the

tation with the Toacd of Trade and with ther
approval, Gortain rules in rogard o the atresses
mllmimil e under varying vireuimstancon,

For tenslon mentbers the steel wis ko have an
ultimntz posistanco of not lestlan 30 nor moes thian
33 toms por muees inch, with an oongation in 8 n.
of nb Jemst A0 prer vent. - For comjression nmenbers
n resistance nol Jess than 34 tons nor more than
37 boma pry sgumre fuedy, with 17 pad cont, cdongntion,

With ragant to varying stresaos for a load varying
bistwecy nll and A muxomum, 20 tons per sl e
inch of soctlon to he cesumed as the ultimate
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strength if the change ocours frogquently, and 223
tous it vecurrigg maely.

For strorses alternntoly tonsilo and comprgssive,
oo whthiude stress b Do 10 pone H frogquest and
15 boms i aebdoin, one-thind of the altimato strength
to be eomsbdorsd e working stros,

Rivet-stonl ti linve an nltinmte strongth of 97 toms
per srquare fuoly, with 30 per cont. of alongation,
Al alioariyg roststanco to o from 22 tons to 24

| tong peer mjuire duch.

Cuad, ateed Lo lisivn an ultimsba tonsile strongth of
A o, with B o 10 per cent. ulongation,

For tensdon wombuors the seethoaud seon of Uhie
riviibs in the joints to bo 1§ tines the useful section
of the Lison

For compresaion wembers tho are of rivots in
Tbt-joints to be half the usaful seetion of the
waitiber,

Tloe uripinal eatlnabe gave thi quaintity of stool
voruired for the Cantilover Bridgs (net including
appronch vinduet spoana) ad 42,000 tous,  OF this
l\k:lﬂllﬂ'r_'grtlm Tandore Works near Swamea 1 South

‘nlos, of Messrs, Shomoms, supplicd 12,000 tois,
and the Steel Compuny of Sootlond, from their



Blochnirm and Newton Works near Glasgow, the
romaining JNK s, For the altarntions mde
subeoquontly in the design, amd the incropse of
secthon W visrions rirts, a furthor quantity of sl
16,000 tons was regnived, about one-lialf of which
wan wopplicd by the Bteel Company of Scotlud,
pud the other half Ly Talzell's Tron and  Btocl
Warks wt Motherwoll, near Glasgow, The stecl
for the viminet spans, about 3200 tons, is not
incloded i the fgures given above. Tha Chyde

( a7 )

of 1} b, thicknesa with the ends of the test-pleso. enginesrs provios to being passed nto the works
aloand, - As megarda the stesl supplied by the Steel shopa. I hecesanry, full#izo drawings were made
Ciil.'llil.‘ll'i!i' of Bootland, all plates wore rolled st the | on the blackenod foor of the lagee drawing loft,
Teleschnirn "u‘rﬂrhn, and atl bars af the Nowton Works, | and from  these all I(‘_]“l]lnh}h woro e i wood,

Failures of the ateal under test wore of the The tomplatos wers carefully et o mize, all loles
TArest (Conrree. drilled 1n thow, mnd wll pecewary fuformation

ANl wteel wns manufsctured by the Bicwons.  and deseription branded upon the tanglate in dear
Martin open-hearth proosss, and all plates, a, (type. Tn certadn ensen, sueh as hrmeing bars, which
tees, anglen, and other ploces, wors eut to Temgth and | recur wevoral hunidred times over, some of the Lams
shinpe as ordered and thus delivered st the works. ' thetselves woro usod na templates.  For the ere

Rivet Company, Glasgow, snpplied shout 4200 tons |
of rivets

With repunl to testa, une plate out of every Bity, |
rcked out promisenously,  had a stripoeut 0wt of |
it which waa planed vn all four sides and tosted fie
tensile stress in n Gihton testing machine.  Tho!
somne propottion was obeorved in the onse of bars,

For trausverse or bending tests s piece waa out
off svory plate and every bar, about 2§ in, wide,
andl tested by being bent under the press to a mdips

Fia, T, Prasw o No, 1 DniLL siEn.

tion of the snperstrooture the tracings were tmns-
ferrdd to shiots |'.r11mmul by tho ferio.prisinta
process, by which the ““I{ part of the paper
romiaining white is that wiich undortios the full or
disttinl Tees of the tmcings.  The disewing s,
therefore, of whito lings upon a deep hlue ground,

About 6 pey vent. of the total stoal delivered waa
roturned fs sorap, or between SN0 tons and 4000
tomg. A cortaln proporthon of the steol deliviored
wis uaed for tomprorary purposes only, sod this will
sccount for the ditference Tetwoan the total quantity
delivered snd that erected.

WiskRaiors.

Twe prinaipul divisions were made in regand to
the construction, namely, Dbetwéen tho  tubular

Drnawyses,
All detsil deawings wers nnde at the deawing
officos attached to the works and subimitted to the



members and the latticed girders. The former Fig. 74.) The beams wore now balted with tholr spindles  were

were doue in the upper or Ko, 2 shed and on the
drill-ronda adjoining it ; the Intter, in the lower or
N, 1 shal.  Considering that as much of the work
nn could possibly bo done wan to e deilled with all
paris ]iur(lngethur, it will be at ooce nnderstood
that not only did tho deilling form o most impeartant
park of the work, but also that a great deal of
special plant designad for each particular purpose
would bo rogui As & brond rels, therefore, all
tubular members were put together and drilled
throwrh the various thicknesses at onee; the enly

( 328 )

inner ends to the pngle-ivom Tings of the dia-
sliragms; and on the beams agning the inside, and
Ll.r.'r the outslde, plates woere fixed nieans of
ordimey clamps and by draw-washers, unider-
side of the tobe was nlan l&qurtml by tHimber
Blocks built from tho ground.  The centre of thoe
mandrel was now checked by means of o theodulite,
anid, if necessary, corred All wak now ready
for drilling, except, perhaps, that all holes in the
Inp-jointa of the plrll!en and those for the ciroular

girders yequired bo be markel.  The  drilling

tliere liced of right  angles
imatend of radinlly, -l
Pesides the machines hiera descrilied there wers
n nimber of athors, all for epecinl purposes, each
| of which carried out {5 Aap ot work in i wiost
atficiont manmar, Moy different tyyws of ydraolio:
lm for the shaping of Ters or satvar plabes fop
hie aoareconded steuts wore ussl, wnd bl oon-
ntﬂ-ntlf to be altered as eircomstanoe required,
| Delline wuelines, soilioe enly in respost of the
| fnot that they drilled holes, and that t.fmy iy ed
alovgalde the work whick was malo n ixtare, were

parts done separately boing the portions of leams mnchine, spocially designed for this work, wae now | in use in tho lower or No. 1 shed. (Hee Fig, 76.)
and displragms nol in contact with the outer sholl.  brovght forward, (Fige. 72, 73, and 306.) Tt oom- | These muchines had of times bem boring spindlea

In the latti rilera the booms were drilled

singly, un specally propared beds, made up of
timber blochs ;

"miets of 0 wrionght-dnon earriage A running on &
double line of rails on each side of the tube, aml

wr, it worth while, on cost-ieon | to it are fixed in the oontre Jine of the tube fwo spindlos available for use,

golng at onve and the same time, and thero wore
om sevaral of the wsohines an many as thickeen
These multiple drilling

frames, The Iattice-hars were drilled by other circular frumes O C!about 10 ft. apart, and gom- fmnnhilma are shown in Figs. 77, T8, T8, aud 80

machines,
I the building of the tobulnr members the first

the tube with about & in. of

plitely  embiracin
Tpon the frones are placed five

play all round.

Here alsn an ingenious tool was in opoation
whioh out the 3.in. round boles ont of the lower

work to be done was to bend the plates ti the | eresginlerss DD, so artangod that by meens of Dedplaes, and which also eut the laeger pound holea
vequirod curve, For this purpose the plutes wero circular mack and worm B B they can work right 7 in. in dinmeter, pnd the oblomg holes 11 in. by
put into & gis furnace (seo Figs 80 and 61, | vound the tube, ench givdér enrvying two spindles 7 in,, with pounded sorpers (see Fig. 9%), out of the

heated up to a bwighe vod boat, and then passed

MULTIFLE DIULLING MACHINE | No. 1 smED.

H A, which can rim feong end Lo eid,  Chi oo side |

upper bedplstes, Thismachiog consisted of & cortion

into a hydeaulic press, where, between two dics | of the earriage in plaecd nn cngine BB and  boiler, | spindle tumed by worm and whool, s apon (hiz

vr raddley, they reeived the neceswicy ocorvatiro,

(See Fign, 62 and GL) The plates wore then
placed nside fn piles, coversd with  nehes, and

Hrmtunllf colod down, Howevor eatcfully this is
o

und the deiving of the spindles is secomplished by
an endless cotton rope.  Thos armaged, the tun
apindles point radially to the eonitra of the tule, no
matter where  placed.

This: machine was now |

{om topy s o cutbing ool b Lottoin,

apindle war a =uldle in which could move forward
and backward o hovzontal elide wiioh aarvied avoller
The eublur
at top moved botworn two fremes, which could b

e, wonte alteration iakes place in the shape of | pushed forwacd to tho tulw, thinbor pmokings boing romoved ab will, and whieh Ind the same shapo
the lates s i to rewedy this the plates, wlhen | removed im0 front and  replaced Deliind s the | which 1t was desived the helo below cut by the tool

qpuite cold, were put futo the liydeaulio

Press Glue
e wipd recuived a final setting,

Thiy wore tien

placed it w plamog machine (see Fig,  GG), |
where tho twoe long gide edges wors jlancd diwan

to the sequiced  dimensions ;. while in another
wnachine of sinpde construction the ol adgos woro
doalt with b the mme monner.  (Seo Fizs, (4 and
6.} They woro now rveudy to Do Dndle upoioto
buibes on the deill-mosds,. (Beo Fig, 67.) I-in'nr f
long exlinder, or mandrel with wings sttechied, was
supportid on o nuambes of westles, and round this
mamlrel the tulic was Loilt ap, the dinphragms
beu& bulted to the wingn of the mandeel.  (Fias
68, 6, 70, and T1.) Mesnwhile, the beams hiad been
propared and drilled with the sngles attaclied by
endinary radial drilling machines in the shop.  (Bce

maching advanced, amd drilling was earricd on
utittl all holes (about 100 per foot ron) in the B fr,
seetiom were drilled, The machinoe was then moved
forwdrd Lo the pext sectime. O Hie side o which
the machine wis moving now boams and platos wore
always added, while on the othor side: thay wore
removed ad taken to the stackeyandl.  Defore
being nonoved, lowever, evory plate; evary beain,
angle, oover or strap wns typad with distinguishing
lotters, which mnEc it posmible, af n moment’s
natiee, o fix its pesition in the struetice, To
tubulic mombers other han ejrealar,  the wide
franies in which the erosegirdees which esrried (i
boring spindles wioved, instoad of being civcular,
ware of the samo shapue an Lhe mwemlers them-
sélves; and on Mat sarfaces, for instance, the

should have. 1t follawed thorefore thae whatover
ahapie thede foomos had, the tos) was olliged
ti follow annd ant n hole the aaine slinpe. Ty
placing the tool at different distaness from the
ravelving contre whilo leving the rollar st the s
ditauce, tha siee of the lle conld b diminkdied
of inorensed oo any desired peale, A mnchine for
planing the very lung plates vogoived in the lattico
girdorn ir shown in Figs. 81, B, and 83 Tt will
b wwobivid Bliat B8 lina an ond saddba aod eool nd well,
thus allowing two edeges of tha phite to e planed st
one time, A -further feature of the maching s the
use of hydeaulic saus for holding down the plate L,
lieu of the wnal screwa

Here all the tepsdon secmlbers, - wind-leaclug
gindars, bedplatos, aud the top junctions with fla



iides wero put together and drillod, as also & mass
of armall detudl work, sl all the emporary ginders
usid in the erection and in the atagings,

Outritde these workshopw and the -romuls, miny
meres of growmd worn taken up with the huihliniu i
aml fitbing Losethor of the vavous givders, of which
the single bovms hal leen drillod o No, 1 shed,
Thus o greal portion of the interoal vindoot wis
put, togethior and a nmnber of bracings which hawl
to bo templated In the fesd instance {6 site, were
dome wil multipliesl,  These portions of the interual

=3 s
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Fposasil that paterial coulil he
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?ﬁl}, some with curved jibs 40 ft. high, wers
sl e bhise cvuld move alvmt /ll over the dritl-
viswalsy, heing aliftod from one boe of rails e another
by means of traversors,  Ordinary derrick eranes
waorked by stenm or by haud wore alee langely

In the shops, however, mosl of this work waa
dome by Lydrnuolie cranes of very sinplo construe-
tiom, yet cmitnently adapted for their work, (Seo
Fign, 84 uind 850 I many places thoy wore s dis-

lf'iﬂ-.nﬂ anl swung poutel

Fig. ™0
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viaduet wers orected for ome pai nn!lir, however, amil

in the athers it wis simply vepe

The botton juictlosm, or junctions between |

Yotbom mumbers, strots and bes snd wind-heacin
in ganblbevers, wore ladd dewn and fodshod on @
drill-rols, while those of the top members with

MULTIFLE DRILLING Macmise [ No. 1 smep,

froon one to the other 55 a8 o teaverse the whole
Yength and brendth of the shop,  (See Fig, 76.)

| A lnrge minovmt of rivetting was done i the yands
{and tho tield n the oase of mich portions of the
Erﬂum ma the bovma of the teusion members, and
| ter on, whole portivos of tie ro Inr wind-

strutd and tes were lakd down and Bwilt in the | beseimg givders, of which thon the jeints only

fielil,

Tor the bandlng of the illll.tm, Irommia, and othoy
parts of the tubulae memberd and thie skewhbacks
and Dottom Junctions, powerind travalling crances

touired  vivotting wp nfter fhoy woro  erectod.
Much rivebiing was also done wpon the longi-
tuddinnl Teeamma amd the dinploagnng o the tabulre
mombirs, AN this rivettng win dons Ty hydroahi

machines, avd eould e finished st an extranely
cheap rde,

The work in boch Noo 1 anid No. 2 sheds, and on
the drill-fosds, was enrried an day and night, though
the number of mon was much greator Turdng the
day-time,  The working hovrs were from O s, 1
3 A8 pan., and from 5,45 pom. ontil 545 v for
night shifi. Nododvotion waz mpade for meal hoars
during thie night, the full twelve hours being paid
for.  When necvssary tho work in the leld was alsao
enrrid on Juring tha night.

The total ootput of work from all these plices
ba mriouited Lo as miuch s 1800 Yong inoa month,
which is a very la.r%'e quantity when it 8 consideres]
theougeh how many hands every piess was requived. W
piss efore itocoulil T ealled finished,

Bisprrares,

The livwur -t fixed Lodjdtes i siee aleat 37 4,
bz by A7 ft, wisle, nee Imilt up of five layers of
plntea, tho Towest § io, in thickooss, s sseond
1} in., and the thinl and foircth 1o, alternataly
land Tomgitudinnfly anid tranivorsely, W olbain dis-
tribution of fibve in all divstions.  The ffth layer
omsista simply of o band, 11 b wide aml } in.
thick, Dasd round the sdges of the bedplits, partly
04 & atiffonor, partly as & moms of rataining the
luebricating medivin Detwoen the lower aml apper
hedplates. Immodintoly uniler the vertical oalumn
# recess Is formed by eutting out of the twa upper
-, plates nospoce varying in form, bot in all
cases fur the purpese of abuitting & kg‘&lllh of
gimilar form, o portion of which is rivedtad to and
forins part of the opper badplate,

The hedjlnte as atwvo duserilwod was put togethor
on n carofolly-propared Lid fu No, 1 aliod, elamped
and faalumf down securcly, mul & bravellor with
sovoral  boving | spindies
of the plate, drilliog all ha
{hicknarsas at e,

Al holes wore 14 in, in dicmotor, sod conntersunk
botl bop and Dottons.  The forty-cight ol 3 in,
i ilbameter for (lie holiding-down bolts woes deillesd
in the same place, ut by o rpscially coustrucked
bl desaritiod wbove, and the llin.h.'a wns Lhen tukin
o prieoie nnd ghowed way unhil wantod,

_L‘ socn as the prandte jioes were vy for the
mtc[]ﬂjuu of the bedplates thoy were put toguether
at o helght of abaut 4 1, above the wssenry, dnd
supported for the time being on shirt ]]i'mcna of
Iwalts, oouplod e the foundition Dls by Ting nuts
ancl i ofher places by pieecs of cnst-iron pimng of
oual lmgth. The pvetting muchine was then
aced st ome end, and the rivetting commaenced,
{Heo Figs. B0 and 87.) The wechiie consintel of
twn mtrong box-plate gimders, carried om two gide-
framaes moving on whoels, aod kept apart l'ﬂrtic-ll\"i
o wufficient distance to admit the balplate, wit
& rivething oylindor sbiacheod 6 e vppaer aod
anather ti the lawer ginder. The evlinders could
by sorew movemant e woved fron ome end of the
gindiers to the ather, md thus connpanded  Hhe
whole width of the ledplato, while fur forward or
Laokwand movement the slde-whecls liad | to Le
pinchal,  The twe aylimders were tormed on sl
tanecualy by one valve,  The ophimlers were 12 m,
in dismeter, and the water pressuro 1000 1, por
mipnare inel. "Hm’]u-uul.l.n- uprin Lhe dved wnd the
plntes wan, thorsfore, aloue 40 tons from  each
eylinder, The rivels il o copntersunk hond s
ond and, and fat annps wers wsed on hoth eyline
ders. T rivets wore hontod in an onlinary hirkek
furnneo placed o tho pler, s brooght to s full
yollow lwak, There were 3778 rivets in snch of
these bedplntes, which gives for the aren of 654
sijunge feet alout ax rivots per squars oot

As noony s the machine lisd moved awny s yard
or w0 from the ond of the plite, ehippers were sel
to work to pare down the prajecting prese un vach
rivet-head on the umlor sido of the badplate, in
arder to have this perloctly even ani flush.

Aftor the men got into the way of |'I'I"I?DET|-}' WHIng
the  vivetting  oinching, these bedplales wors
rivetted up in iwenty-olght bours, or 136 rivets
stmek pier b, which ks very creditalile work, eon-
wilering the wige of The riveta and that o much
slifting of the wmackine and of the suppirts for the
Bt plater had to ho done,

ter all Whe rivet-loads lisd Doen ehippod, thi
boldplato was lowersd into ite plaee by hisloalid
e, Two (hicknesses of cinvig, one Tabl in the
levgth, the other in the broadth of the plato, both
i wall woukod in nnd painted over with red
load, wore interposud  Indween e el Lised

waind ovir the whole
through the yorious

disice Ll abave (see gromite icr) and the plite ta
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are precisely the pamae as those v Inehgarvie, while centre,  The eonttal jart, or olidong key-plate, is | Inyors of plates of varying thickuesses, aeconding to
in t-ll:: Quioiisforey sonth-onst and sooth-west; and 2] i o thickness, and enter tlmn-t?gup L thnlpmiti:ul. Thhe lowest m::lgrm Mll'l:maa,'plrmd hnflgi.
Il}» Fifi north-east and oorili-west, loth qu;q:i:l- extent of § i into the upper bedplate, to which ituﬂhully, i“ ¥in, in thickncss, and I this i out
dinal aud heternl movements are provided for. o it is rivettod, This, however, is somewhat different | the vecess which receives the kov-plate of what-
formue is for espunsion awl contmetion between i the three fined piery for hers both tho two |ever shape it sy be. The next courss o laid
the fixed circular piors sl the eantilever ond plers,  pegment= ad the rectangolar centre-plate are all | trunavirsely—1) in, i thickness—and extends, like
the lattor for any Dt defloction in the samo aike 2§ i, in thickness, and the whn}e key-plate, | the flmt, over the whole area. The thind course,
length due o wind- ure acting of right angles, 120 in dinmoter, enters into the upper key-plate.  Inid Tongitudinally, again b= § in. in thickness, but
or nearly s In the cantilover end piers literal The eentral plece is the only ene attaghed by vivet- | extends only for about two-thieds of the ares on
the side next to the horizontal connecting hottom

| Fo B4 | momber. This plate alwo takes the attachmunts for
’ s ____.___i_,_ [the bottom booma of the horizonta] eross bracin
NFamAULE CAANE [ and the horizantal disgonal beacing,  (See Fig, 91,

a . Fig. 83 | A further thickness dtgahteﬁ, as a fourth eoursa,
SETTIAN OF MAZT. | oopurs in the easo of thogend piers, to mika up
== | for the enlarged recess in Chess, anil this eourse is
| forwed onder the base of the vertical columms only.
These pilates ar wtih’enu.l by twelve ginders of
I mection—about 11 in. deop, and rusmng longi-
| tdinally —consicting of web-plates and four angles.
{ The third and fifth girders on each side are cmitted,
the main webplates of the skewback taking their
places, (See Fig, 40 ) Trnsversely these girdors
are combined aud stiffencd Ly esll-plates, Hanged
'on all four sidea in a die.  There are eleven rows
of thess, apd upon them nre set the msin dia-
phragms, which reach from the hedplates to the
crowi of the skewhacks, The remaining apaces on
encly side of the inner webplates, and botween thesa
and the cuter welyplates, are 01lod by similar dia-
Pliragma, and ot the same distanees apart.

The eections and plans shown in Figs. 89 to 94 will
| fully eaplain these parts; which are of the ntmest
| importance, bocause theough them all the stresses
| thrawn o or agninat the structure, singst pass on
| bz the Rqﬁum, The lower half of the skewhack
Cin syuare s form, the upper Linlf for about twae.
| thinds is rounded, the remainder being sguared in
{onder Lo receive the attaclunents of the top boous of
| beacing girders mentioned above,  The inuer main
| webaars §in. thiek on Fife sud Queensferry and L.
MYDEAULIC DIEANES | thick o Inclgaevie, and these are carvied  through

] i T T T | ] T LI I T I
BIVETTING MACHINE OX PIEBS FOR BEDPLATES,

o Fig.88. N\ ——" in;tm&rnﬂ tor ir;:,hui :.illm :}mt:eh‘:k al al distance Tha::

— — : g Gt 4 in. to side centre lipe.
'.E | E ?j E ; E ;el F"E] D a i E}utes form the main points of attachmont for the
@h& M Y Semea e, 1 mw s W, 'm:]:mﬂ]d for the lestbom mmthurﬁ. lusth
| Pursssferry Pier TohGors Per  FR P "rﬂ-J' ‘within cuontral towers and in the contilevers,
~ — o o e ¥ The outor webplates, 1 in. thiek on Fife sl
3 D [ |J | [t Queensferry and 1} in. thiek oo Dnchgareie,
. _) Id \ \ ..: receive the main thrust of the vertical eolumus,
gl Bk WK o P 8 i NE and are carried on each side into the bottom

N W R G A B mmbers by a ﬂmﬁ froin the rectangulir into

the oirculir form.  (F FE& 02 and EL) They are
. comsiderably stitfened it these purts by horizantal
movement i preventod, lat longitulingl movement | ting, the wings simply are lid locse into the diapl i5 and by doubling  plates of  great
provided for. TeCImERe, !strongth, and the skeleton work to which they are
It will boe noticed that the kryalhtﬂ, with the| 'The square key-plates in the bedpletes of the attached is gradually mor ints the mnin beams
exeaption of thosws belonging to the fixed vantilevors, | fixed entilovers aro fixed to the upper Dedplate, | of the regolar seetion of the bottom members.
are ghiwn o thiree w, ot nblusg centre-piece | and enter the lower bedplate to the extent of 1 in.  The nttschinents of the five lattice wind-lmeing
anal twi segrments of & cirele. OF thesa, the two anly, the whole bedplote heing much Tghtor than | givders, although e ingeniously conteived, does
wegroents ure only 2 i in thickness, and therofove | in the sass of the free cant{levios, wik el for any wpecial remnrk.
-ain‘:ﬂly fill up the reeess in the lower Dedplnte, | The upper bedplates form the under part or foot| Tt will be noticed in connection with the akew-
while yet, however, they admit and facllitste, as|of the main junctions or skewlacks, These plates backs that the centre of the vertical solumus does
well 3 oontrol, a eirenlar movement round the | are, like the lower bedplates, built up of soveral not colncide with the centre of the cireular granite
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pouned § and after these were found Lo
srtion of the 'ku:,i,
o ke upper Did-

bearing all
Le sati=frotory, the rectangular
plate wan Tadsed up and rivet !
plate.  This waa thon lowersid down into sts ace
to sews how it fitted, and whether all parts of the
koy were in proper contact.  After this lowering
and raising it several times (4 weight of about 57
tona), the surfaees were cavefolly cleaved and
thick Lovwn ofl of il clurcter was pourel
inte the key recoss and on the wholo arca of the
ower bedplate, snd the upper Dedplate lowered
down upon it for the leat time,  Nothing else bt
il was placed ns lubrdeating medion betwoen the
twi nur;ru:en.

( 43 )

rani attached, 4 in. in dinmoter, which wis forcod
into » cylnder alvesdy chargad with 1000 Th
presanre water,  The 4-in, ram foreed the water to
a sl geenmilator, fonded to prduce & proesure
of 3 tona per ppnare nol. 1t noeds no saying tind
this was o tedions kind of wirk, amld ook a lomg
time Lo aceomplish,  Ou ooy deys not moro han
half a dosen rivets were dome—at o tima more
than sbout & Tmndesd in the twelve Bowrns; wwl the
prerngo woull ol probably amount ta mare than
twenty-five por day.

Meanwhile staming had besn ersctod betwoon the
piers on tresthes of eertain hefght, vpon which wore
put togethar the horizontal tubes comiecting the

The movemsiits dosoribed in connection with the | skowhncks andthio eross-gied o pnd dingonal givd e,
koyplates require that a certain smount of play be | Allthese wore now connected W the skew baclo, and
given ju the IImlm of the uppor Dedplates lll:lmugh preparations msde to tivet thom upe Al the v

which the holdinedown bolts pass. The nmonni

of play varied, of course, in tho sawme manner as
with the key-jilates, .

Tho lower bodplates being fixed and held d-rwu|l
firmly liy the Lilts, i was necessacy that the nuts
shinuld e scrowed dows upon them.  These oats,
shiown in Fig, 95, were thorefore o with
a lomg mock, cirenlar in form, and with an en-
Inr'ut.nFlumll of losamon form.  The holes i the
upper bodplate Tnd to be thervfore e of sl
sia and shape that with the nubs serowed down
tightly npon the lawer holplates, with a considor-
abile abress upon the bolding-down bolts, the uppar
beslplate conlil yot move i any desired direetion
without hindrries.

This was dlone by means of & washes of alilong
furm placed upon the earofully-levolled sides of the
colls i the bedphdes, which bad lelia prasing
through thom, The puts wore fitst put on and
arvowed dowin by ineans of & hydraolie spanner
that i, 0 henvy box spauner with o short lover m:|
the topoof i, to the end of which o | ll!_ﬂ-ll"l.‘ Fikkii
wit appliod with & given pressure, is sssured |

Fig.05.

e SOEL g
il frar “I

MOLIARG-OWN BOLTE FOR DEIPLATES

DEDPLATER O INCHOATVIE AND FIFE FIERS.

an even stress to all the bolts, The distance tion of the Jowor portions of the eentral Lowers was
batween the side of the cell and the ander side of dono by 3-ton or bton stearn derrick ornmes plicod
the hond of the nut wan thon earefully eallibered for  on plubforms ut sowe. height from the deck and
enth puk, and the washors maule to that moasure-  comvanient
oent, nc-sigtéenth of an lach being allowed | bogics and n}.

once place it In position.

giveny the holes for Queonsforry bedplatos boing, sinple in their constroction aud their sction.  (See
of oourde, the same as thoso for
roversal poaltion.  (Bee Fig, 0.

procosded with, and this was done i sueh manner | o be strock whethor one ki
that the work ns eroctod wod ot onee pivettod | wps usedy bot the divect-acting maching was sorer |
nj by machine,  The mest diffieult places to get  in it activn, because the donble lever arpigement
to wero the Jower edges of tho jmor and ontor | was apt bo Ewist, and thereby bend the uneliged por-
welsplates, with their dunble pogles already vivottod | ton of the rivet Befove th latter was properly staved,
to the hedplotes, Al the work i these eolls | (F cowrso the longer the aems the groator hoconios
which cuubl net be done previous te the put- this tendeney, ol as some of the jolntod nuchine
tivg o of thew plutep bad to b e by small Bad to be used with the arme fully 4 ft. G in. in
hydraulle rivetters.  Thess wore simply eylindreieal Jepgth, groat eave bad to b exorcised Lo gel gooil
rama af 4 i to O ing dinmeter, and m leneth from | work done,

i in, to 100, and these wero worked by o pros- | The Lordzontal tubes, aill up of heavy pliates
sure of G toms per square inch.  The eylinders 1} in. thick, vequirad o spocinl wachine for rivel-
waze placwd b cither aide of the rivet to e struch,  ting, and ds thismacline is the sime, o at all evonts
facing ench other, and backed by hardwood pack- | typieal of otliors, which wore omd for the rivettin
s mgndnsd the sidos of the colly, and the pressure of the bottom members, the vorticel colomns o
Wiler was HE%qIHHI to thew throngh snndl eopiper | the dingoual struts in the contral towers, a brief

pipes about 5 i in boro, The rivers were hoatod | desorption will not Te aniaa:

ok Wl oitalde, and paasnd Chieough holes jo the T tle mado it consiebd of two decular ginders, ty
wehplatea; one oylinder was set againgt the rivot- inside dimmotor boing about 1 ft Toger than the |
quul‘. atied Lho othor then eloasd spon the freo end, outdble duneter of the tobe,  Thoy wore placed] |
el forred o fat hoad, the hole oo tut pide boing some 24§t apart and tightly wedged by Jandwond |
mommnwhiot countersunk. | To luwluer.- the 3 tons per Wlocks all pownd the tulw.  Abox givder of a gtrong |
srjtinne inch pressure; o muoltiphor waa waed, oome seetion, sl abont 25 e long was placed wpon the |
siuting of i 11-in. ram, which waa seted wpon o ivders inosuch manser sk it conl) Te pialicd |
by an splinary seomieltor preessure of HEKHID completely romnnd the tnle, and for this prposs |
por sqware incly, and whicl had at itk ol another hydeaolic roos one ab eseli end wern atbaehod in

Comeve from end boend,

suoh a munnor that they eoull be Bestod Torwn d
or backward as dosived,  Upon the box givder o
aylinder was J:lu.-ad facing Lhe tube, loine con-
nected to asadidle which wan capable of slidme from
vng end of the givder to Ao othee,  The aulidle was
workad iy s sstchot sl o, the lnthor working
apon & vack which wan along the while longil of
the ginder.  Fiuer sdjustment amubd be given by
two serows aml bandwheels an the saddie, ke that
of n Inthe. By this meius the eentes of tle cplindee
could he lronght opposate any point of Uhe surisoe
of the tube within the longth of the ginker, On
thi inside of the tabie o pandrel or centin] Tollow
shiafl was Tormeed of Uhe samo leugth as the sulsida
ginder; amd thin wos supportod st both oy by
lrmmon Baed amd wedged o e sholovi framo  of
tho tulka, - (i this mandesl n toothed rack wos Gized,
and nosaddle worked iy eatelol and Ju‘mkm eimld
ot this aodillo n oy tinder
of the same #ize as tho autsido one was jilneed with
) lnnF anap v dolly reaching o the piates.  The
sujip i, of pressure wiater was so armangod that Jaoth
eptinilers would he turned on simullaneously, bot
by mesns of & check vilve placod wpon the outside
pupipely pripe, Uhe gootion of the outslde mmm wia
alightly rotarded.  The givder outside was now
Maced in line with a vow of rivets in the lube,
and  the dneide cylinder wes sct appoeste  tho
s pow,  The rivols wore bonted fo small fug-
nacos or forges an the insde nnd heatad to ngond
yollow hent. As epom as m rivet was pot into
ace the inside dally wor sot against ity the outedo
ram being alsi sct downg o tap glvon te indicate
that adl was ruady, the pressuro was taened o, «ml
thie vivet l'ILHWd? The two eylindors wore then
wad forwanl, ane piteli to the pexd hole and s
i, When a whole row extonding over about 18 fe.
in length had beon done, the ginler wis misal or
lowersd as the case might be, to the next rew, and
this continned  until the whole section of the thle
wan rivetted, The machine was thon moved 18 fe
forwnrd and the process reépestsl.  Neo dmwing
of those rivetting machines is givon here, but &
machine similar in construction, and wsed for rivet-
ting the vertical columns, is shown farther on,
Distwornn 600 and §00 vivots condd o put in by
thie wachine per day, all rivets here loing 14 in,
in diameter, Only the rivots pessiug thimogh
the thick outside phites and loams wira done by
the machine. (Of these there wore about 1600
etch section tivetted, or nearly 1060 per fool run,
Tho ather vivets, i diaphrigns . beam-covers,
ware done by land. least muimbier of hands
to work this machine were three men ontside and
two men and o boy inside, with a lad for heating
the rivets mid n 'tn? to ey them, -
The members of entirely cireular form were tha
vortien]l columna, the honzontal tubes or Lottom
mietvhers between akowhbacka, and thie botton miem.
bors in cantilovers from: the skowlack to the el of
bay 4. Tn design amd in construction they weie

osition. o pick the matorial off the
For the |
for- play.  The pizes nnd shapes of the holes in the | rivetting of the Jatticod givders the ordinary fixed
uppice hedplstes are shown by the disgeam hore | or jointed machines wore used, which are extromely |

all the same—diffoving ouly in diamoter—in the
Irendth and thickiess of the plntos, and in the
dopth and strength of tho longitudinal bnins.  All
plates nre mnde, cxoept in hlnw.iul [hiwea or for
elosing longtha, of a4 unifors length of 316 i, and

ife, but i Fige 97, D8, U, 100, the thede first representing | ihe tube ju formod of ton plabes, Tap-jointed, and
fixed machines, the last a jointed machine ) Tt therefors consisting of fAve outer and flve fnner

The building of the skewbacks could now be |depended entirely upan tho places whero rivets il |
Ii of mmehine vy the other |j

plutea, Al plates break joint at 8 ., or half Tength,
with an absolutely eliew butt, spd the butts are
ecovared inside and ocutside by plate-covers. The
lap-jolits are covercd on Whe ipside by wn con-
tinaous girders of T scction, the T head Twing
rivetted 0 with the bapjoint, and two continuous
nngles are mivetted to the other cpd of the web,
thus oaking the girder of doulide T or H soction,
(Ree Figs: 68, T8 and S} The lemms am ninde in
lengthia of about doubile that of the plabed, aad break
joinl in different placos, and &l their joinls aro
vovered botl in the wels and fangoes, At ovary butt
—that ir, every B ft.—is placed n clreulasr ghedes or
dinphomggm, which consists of ten wings plaosd bos
l.wﬁ:n?ﬁ:luuuu- s rivetted tothe aliell; the wings
projecting hoyumd the hesns o the extent of ahoot
3in.  Asaugle-ron ting rodve vight voond takes
upadl thio wings o ite wel, while its heel e rivattod
o onch of bhe bagmi in succossdon, ol Uins oom.
binea the whale iuto ostiffening girder, - At oapsi-
doralle distauces apnet, lunvy e dinplragiis aco
ionerted whicl omly Yonvn o manhole in the centre bo
s Lhrongh. Al theso diaphmegms sre primarily for
the purpose of presaving the troe cireular fopu of
the tubga; and to peeveut fattening: amd it s o
curjous fiet thiat the stitfest of these tales, although
bolted together 1o the wort cntelal momer st



tened hefore rivetting as oooch as 3 ., aod hud to
Lo eomstmatly strutbed with tmbers tw heop it in
form.

The plates: forming the alell of the vertieal

volumns vared in thickness in the case of the File |
and Queensferry central towers, from § o, at Dottom

o @ i at tops midy in the cane of Inchgarvie, from
i o at botbo to <% i, at toge The oams de-
ereased in strenuth praportionataly,

Tha disgonal columns or struts in central towers
are of different shape, namely, cireular top and
bottony, but flattencd on both siles in onder o
ficilitste their interscction with each otlher and
thair entering into junctions top and bottom, where
they are gnu.ﬁml]y changed juto ree lir wection,
It has been pointed out in the geners! description
wi the bridge, that the effscts of the live losd upon
the Inchgarvie cantilever are different fron those in
the Fife and Quesnaforry piem. The diagonal struts
in the furmer cuse are therefore very much stronger

than fy the latter, The bottom and top plates are

1} in. in thickness, while the gormer and sido plates
are I . thick., The intersection of these two
stmta at centre of the tower in very henvy, pome
B0 tems of metal being massed therein. The inside
lwama are  of eorresponiting  strength.  These
diagonal columna were rivetted in thecase of Inch-
garvie from top to buttom by a special machine of
similar desion as that for the vertical colomns, bt
more difficult to work on nceount of the angle at
which the machine was pliced.

Mesnwhile, steany derrick cranes wers erected an
platdtirins patsed some 30 fi. to 40 fr. above dodk,
eomunanding the whole of the showhacks, and thess
were now huilt with portions of the dikgons] giruts,
the wertieal colummes and the struts § i oantilevers,
tu na great a leight a3 could be toschod DLy
wiwans of these cranes, Al this work was ._'I_T_:
togethor aa corefully as possible, the larger vumbe
of Iides buing defted up, but it was enly belted
tugether peniding the nocessary chooks and oorrec-
fioms bwing mule by means of thendolites. This
setting ont was p work of no small ditficolty, seeing
that the membern lind to ba get, not ocoly Lo an
imclination thwanls the point of intersection, but
had ot the mene time to follow the puiforo ntber
of the vertical colomus, apal had thorefore o sizong
tendemey to lean to thy centve of the towes,

Boosoen w the vertical eolumne sl stiuts b
been built to 4 height of about 50 fi. above deck,
to which, in the case of Inchgnrvie, had to be
maldod the contral tios, prejurations were wads for
the ponstruction of the lifelug platforma, by neans
ol which the central towers wore raised to theie
full lwight.

A staging, resching on ench aide, uorth and south,
Froo eslunm o eelumn, aboul 25 £t in width, was
eabsod From the deek o n height of alout 38 06
abwve the level of the stuyguge, and appon this o
pair of lomgitediond gdrders were built.  Theso
girders were about 10 L long s the cse of Fifu
and Quoensforry, and 330§t long in the case of
Inehgnivie, (See Figa 101 and 102,)  Thers wore
four ginlops—one ta oael wide of thoe vertice
columps—placed 18 ft. O in, ﬂ,‘um, with angle
arosd Lacings wop and bottom, and dingonal Dracing
betweon o biotig onone fide, and bottam oo
on the other siile, alteruntely.  The mudn booms,
DD, Fig 1ol and et of the vortioa saegle
Diracing, were ertanent wirk, hoing, in fact, the
bioomies Dolonging t6 4 portion of ties 1 in the
eantilevers borrowed o0 the ceussion, This plat-
form and sll its details are shown in o !n.rgn
numher of the text Mustrations e well as plates,

During the time these girdors were being pul
together, n ateong hox ginder ©C was buoilt on a

ing between vertics]l colummns oast and west,
which givder passed through -;-rnningn left i hoth
colummns, :m.mil projeeving outstde of sach, to the
extent of about 4 £, or 5 ft,  For this purpesc one
plate wis left ont on esch side of thie vertioal
columon during the thine the ginder passed aloft,
Thia girder iu its turn was supportod upen o slide-
ook insbde the vertical eolumn, which block was
attachod to noyossginder BB, This ozoss-girder was

{ dilde box section, all in ]:I.umT anid n its tum
was supported by o number of pins about 13 . in
digmoter, whieli passn] throngh ginder el thoough
holes drilled for the purpose i four of the H
hienms of the vertioal columns. Inmediately Lelow
this beix giriler, and at o distooee of sliont 1 ft.
Fromy b, was i second Lox girder of the sume dinin-
siton A A, and held o in the samo manuer by s
mmmber ¢f pins. Tpon the lower girdor wia I,tlmed,.
oh & vocking underside, & hyllml.lﬁt‘ min G 14 in,
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HYDRAULIC RIVETTERS.




i dinmeter, with o steoke of o lithe over 12 in.,
the cylindor and rane prissing theough the upper hox
girder. The law) of the mm actod by moinis of
swivelling eap fmmedistely upon the cros-ginlor
00 preswing froom oolwmm to eotumn, The working of
thuse pinlors snd mms wag as Tollows:—The lower
b givder was belil by & snffiviont number of pios
to earry the total weight pluced mem it

An aoom aa o amall amonnt of pressure wator was
allowed to onter the wum, the Iatter lifted the oross-
girder €, and with it the box girder B, to n small
oxtedt. The pius conld then he withtrwn from the
girder B, and the girder lifted 645, or 12 in., nx the
e might be,  The pins were then dreiven throw
tho sides of the girder 13 into holes newly exposed,

and tho beams and the weight lot down wpon thit |

gieder,  Thoe presswre was thon allowed to pnss on
the top of the mm, and the eylinder wax drawn up
to the mom, hringing with it the lower box gieder A,

(45 )

vvery few feet of lll'li.lui tu the extent of the batter
[

O the fmde of the platforme b ol and wors
uf tho vertion! tubes, which is 1 in 7§ about, ' A% S I, i

i (Soc | hoists worked by wire Fopes from winches pliond
Plate 1X.) ont ek, and All plates, Loats, e other material
With every fow foot of lift these platforma bad  waa bhroaght ap by means of these holsts and dis-
“to b prshed togetlier, which waa dowo by bydeaulic tributed over the platforme,  (Soo Figs, 104 and
(it abew, ol thin seconnts for the number of | 103 Twao-ton and Jton derrlek binnd cpanes were
Dalide-Tlocks mentioned above. found  the most handy for the cvoetion of the
The ondinary routine i lifting was as follows ;| different moembars, it o wovoller, o Guliath,
From a lovel position of the plitforms tho cross- worked by hydraulic powoer, wis alie used.
rirder in the mortly or south columng was lifbod first When s Lift bl first Teten pomile, the first work,
(fiin; next the other ond was Yiftod 1 6 ; then the ss o rule, was to put in the two cluging platos b
[ogrposite amd 1 o pnel s on unti] sixtecn lifts sach eolumm which bl besn left sut to pllow for
|I|nrl heen made, when & last Hft of @ in. st the ond the puasnge of the oross girdors.  The Inner ot
which commencad the Jifting wade the platform | of titu vivotting moachine was then doawn ap, the
| lovel again, whole machie fixed, and mvetting wiaz ot once

Whon the platforma had in the fimt instancs | commpenead ; while ahbove the platform a section
heen lifted too s snfficient heght, the yivetting was added’ to tho vortical tulwn and the dinganad
Leges wore stapetded frow the under side of the strots,  The
platforms, nnd in subsoguont lifts they were always much greator

dntform on Tuchpnrvie being of ko
Em:gtl:, andd weimnu fully TiK) toms,

Arrangement of Hy_

& 2 g droulic rams & girders
- far lifting the platfrm:
e z in Central towers.
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RYDRAULIC BAMS AND GIRDERS FOR LIFTING ILATFORMS IN CENTRAL TOWERS.

When the holes in gioler and leams had conw
oppoaite, the pins wero defven in, amd the samg
s eutih] be gone sver again,

Tl aerangoment as jost deseribod was placed in
cacly of the four vertical columms, and o thie caae
of Inchgarvie into the central tics ne well, thus
giving sia pasivts of atpport there, nsterd of four,
The longitudinn] girders were now placed upm
elidon on the top of the ernsspgivders passing from
gide to side, and the tops of the gicders oavorod
over with oroos-timbors, aml with planking
Sin, thick, ‘Thue thore were two phtforms about
on it wide by 200 ft. louy, or 350 it long in the
cise of Tnehgwrvie, embracing complotely  and
projecting to wmo distance bayond the vertical
columns.  Fi LS, M, and 105 show varions
presitions ol H:Ln.ih of platfrrms,

At the starting point just aliove the skowbacks
these platforms were somao 110 §t, apart, centre to
cantre, approsching ench other, of coure, with

deswn up with the phatforms,  (See Tlate IX,, had to be provided with two niddivional supguiets,
rivetting eages on Inchgarvio,) This simply and thewe, of couree, were carrind upward the same
conpisted of & etout circular wire cylinder bemg sa the vertionl eolumus,
phaced round s rivetting machine, snilae in eon- | The water pressuro for llﬁi% was suipliod by n
truction to the one deeribed for the hoerontal uLm:ir.I gt of pumps which produced o presaure of
tubes, hut hung vortically.  Tusdde thia the | 85 owt. to the square inch,  No seoumnlbsbor was
men workod with perfoct wafuty as regards falling  wsed, bt the pumpes simply foreed up the s grmilu-
theniselver or deopping  things down on those ally. Vider this groat pressure the cup-losthers
working halow, ?;}Cﬂm LT | it the hydeaudic vuns and the Jeathor wanhors in
Th prortions of the fvetting mnchine mside the the pipe-joints, froquently gnve \H:iq‘ and onsdd
vertici] eolumn were tiot denwn up by the lfting of | much 3-5113'. Frosty wenthor abo did o groat daal
the pintform, Iut were lifoed yaubsoquently, | the way of froemng plpes to hinder the work,
ie Temgth of the plates in the vertical cohumns | but after onee thie men had got into the way of
bhaing 16 ft., tho lifts of the platforms were of the ' working the plant, things went mors e Iy.
wnnie Jotigth. The first Tift of the Inchgaeyvie platform took, with
The vertie] colomus were adways builh alove one thing wod wiothor, nearly enghteen deys in the
the platforma to any hoight which sould e renched ) samths of January and Felruary, 1857 3 while the
with the cranes or other ssins pe di“ml, whilse | Iust Jife, om the Gth of Augist of the saine yoar,
the di gtriita were ab times built above, at | was accomplished o five hoars.  Wikh the latter
| times below the platforms. which the vertieal columns and other side membos s




hiavi towards ench other, it g oesy b onderstand
that, fmlependent of any weight which was -
posad on them, they would ha liallo to deviate
Frow their true position, T was, therelore, neces-
sary from time Lo e, that is every 3 L or
4011, o oascuro the inembers by the interposdtion
of tempornyy struts or ties oither in tha = of
lattice girders or of timbor halks, and aven timher
trosses,  Thus, aftor two Tifts had been mnde with
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eqay to lonndle. The mon alse biad bocome so
familinr with the work that they know easctly wlhu
wad ronquired, amd made Yietle account of the height
at wlliclh the platformas bad now armived, namely,

tawer, sl 4 now start upwarda could be mado froni
a frosh fAxod bess, AU thiv stage o prodigious
amount of work was done, fnnmense quantities of
material ware dewwn np the haoist and distrilutod on

somni 20 it ) the top of the platforins whoro the platers, warking

At the next balt o groat deal of work required to on Ildrs, Lolted up boams and. plabes oftan
be dlone, namaely, fo build o the crossing of the 20 It above the platforms,  Botwoon the fop of the
diagrann] strute in the contre of the pier. is for  platform snd the bottom, men wore st work vemoy-

olivions reasons conld not very well be done ahove ing and replaciiog temparary imcing, wlhich crme in

the plitforms, the dingonad struts i the contral the platform, but some 20§t below,  Tuthe caseof the way of the dingonal struts as they sere bl
Fig. 103
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tevware Jumd st only deflected downwands by their
vwn woight, Tt hed alss dolected towards the
cetitre line of the bridge 16 was oot possille bo
gin mny furllbur witlaout ]}n.rl:tilu; them riglie, ol
this was dotn Ly gieders placed Loth Jongitudinelly
nodl transversely  botween  the steots, and  usi
hydmulie rams e pnsh them apart.  To the case o
tﬁn vortical columms the same difficultics aroses, and
lore stromg timler stmbs woro jnte ul.  Fuor
the same reasomn, the fimt diagonel hracong botwoon
these polumns wad lopt up ks close as posilile to
the platform.  (See Plate X.)

Nor wan this the only walter requiring care, for
althotgh these eolomms: might he kept the proper
ilidatce dpart from each other, yet wight they alao
hoth deflont in one direction, bio this cast or wost,
north or south.  With the henvy platforms carried
i these comparntivily . uneotinosted members, A
stromy wind from one side or the other could pros
duce srous distortions and deflections, aml tho
vivotting up of the vertical colummia following so
chowe upon thw s of the platlorms, mede them so
&bl that it was not o too doal with them. In
ehecking the colmmmes, references wis alwayd made to
the centre line of the hridge, which wrs thrown
upon the cross givder which oarried the platforus,

nod messyremont from this centro was taken to
pnch mide,  Tht sle which deviited Jeast wia (st

doalt with and pullad or pushed fo the right  pesi-
tinn 5 thees it was held by wire ropo ties or Gmber
miruta, noad the other corrected subsoquontly.  Tis
eposs-girdor Bl wis vsed fopr pusling the colunins
apmrt o ing oo side being Gxed for the time and
t.gm other Yafi loaw,

The first thorough correction was made at the top

of the fivst vorbbeal wind-bracing between the
oolmng, where a solld plate g'l::ﬁ:r e right
acrosd, which carvics the interunl viaduet girdera.

This ia shown in Plata X, The lieges Em WioTo
fized o the eolumna, sl the hoomeof the Inttioed
girdlars brought ug bo e,  Bub tho gusssts wero
nob yob drillod, ml only after the posttion of one
colimn hnel besn asecrlained snd correctod, thise
holes were drilled, sl the corner booms fixed.
A fixesl it being thas obbudned, the obhsr eolumn
ws either poshed out or drawn in as the case might
be, mnd thie hoome fixed in the same manner,

Ty (hin tisnw the platforma hud airosdy wpproached
saciy othoer to half the originad distance, and all the
temporary givders becerne wuch  shorter and morg

l'-l'!-m"l
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ELEECTION OF TOWERSH,

Inchygrpvie this oressing eontains 8 wns of steel oo up.  Inside the eolomns, the hydoulic men were
each side, and at the crosaing of the vortieal tio ad ||Jun_'|l' wrepaering for the noxt lift and examining the
cenitre, and the horizontal bracing oeciurs st Ll sstne |m:|.u. withors, and pipe fuints,  Balow thess in the
woint, & very mtricate pieco of work required to be | crges and ineide the tubes, the gangs of machine
lone. riveblery vied with ench other which conld got done

Hore the vertieal eolumng could o eorrectod for | the quivkest,  preminm being paid to o squad
wasitiom moreth mnd soueh by moans of the horigontad | Gt bl done ill.l miction frst.  Amain, below the
weacing which runs longitudinally from oo vorthnl | eages, men worn replacing dinplirgme and other
eulumn to npother, mlersecting the of thi | detels of the sbruetury which Tad Teen ramovisd to
dingonal strita. .L]'.lu.i'r of horizantal br nre | pllow the Ii&hﬁ inders to pass; and st lower
aluo placed hovd bitween the four coluiing & shown | down, squads nid-rivatters were rivetting up
in Fig. 4, Plate TII. A strong framework, similar | beama and dinphrn nnd putting o =uch rivats
to the one immedintely whove the eimeular granite | s the macine hud not been allo to do.  Baosides
piersy thus clossd the Jower half of the contral |those n host of dther mon —oarpmtars o put op

|



mhsue, gapeways, tinbor stitfener, Hops, aml
worbn of thigs: on wttending to o tivet funuees
aml toying b kewp the i hines going whidch ot l_u
thoir vighty to ninety rvols overy hour, electric
Vaghitpen shiftiog Jwwps, putting e carlens and
fixing froal enbles, and finally the bondeed and one
o whio noverseom b e anything, amd yet camnot
somichow he spared,

At Lt the topn of the platformn have renchid
their fual position ; snd thiy can go oo further,
altliough the superstroetore itself Ban to rise somo
O Bt more. (Soe Tlate XTI and Fig. 108} The
two qdetforms by now have come so close togother
Mint the iuner boist-frome on one side had o he
remnoved previous to the It life. Tho long Tox
givder now profects w leng w outsidy each
colwmmn, amul stande quite clear above them; the
whole ylatform Jooks ma if 0 Dhomvy gust of wind
would Dift it up and tlhoow it over the site,. The
Lnst Jength of Deenpes anid the cloging longtlis of the
platen require to Yo monsured bofore they o be

Fig. 105

i)

(

and an hitinl strods was b apon thom by fnter | hodantal ensginder hobwoon dop Jutioms (the

poming hydmalio cylinders batweon tho  Sibors
il Iuttom Booma of girdors, uud Ulling the apaoe
mace with havdwond Blocks,

ok were new laid down on the bog of the plis-
form D the centre ling of e top menbers, and
the vorticad webs of Che Bottom boeoms, the fange
|r.nglm of the sme lad dowi, sl s siem s i
b unetions were somewhat advanced, thoy were
lponmnected up st esch end, The object was o
relieve the platforms aa soon s possiblo of any
wedght from the top membees,  The vertical T
ings were then put o, snd i theso tho webs of the
top hooms placed.  The giedors could how ey
themeedyves, aml dvetting was eonmnemoed ws s
as the top jimctions hud boon fxed and secorely
joined to the vertiml eolumms.  As thoro wia s
preat donl of work tode upon tiese top junctioge.,
they wore compdetoly sorroundel by timber franes
coverad with Dwards, and Ill‘i.'l'i’ilillf' with windaws
and & Jarge simnbor of clockric lamps,  Thos pro-

HYERAUVLI® TUCE WIVETTING MACIINE,

eut to longth,  Once more the eolunms are ave- [
s i ol Bowan necossary, for every boam aml evary | portion of the eiructure
| by sooros of men to whom tha fall of & small Tolt

fully sed to tho contre line of the b
north and wouth, and the Tevels of all
i the eolumng taken.

bt O . botwoon the bwe plidforma i covered

bﬂ-nmni
Whils these wro belng got rendy, the gap of

tectod the work could he carried oo day aod night,

plute had tobava its correct messnroment and Rhnra
takon before it could be made, The ends of tho
dipgounl gtrots, olin

inbe & wjuaro, had o be templited i every plate

oror, il only one plstform exists now of 'mnre'lmﬂ boam to mako an exact fit. Tt will givenn

thian double width,

The longittdinal platform  girders wime stif-

Fomad and trussod by link clinins strotclisd Trom !
"the wator, wore about 24 fi. square s Fally 35 i,

supijrirt o support.  These chains weee portions of
the orsith Su?muirm' Tirid

by the contmectors, and lurgely uado
in variow ways.

L T
otlwrs ealli=] them Bmith's Huka; Jal it reguieeld 4
ockney By birth or adoption te get the combina-
LTI

These lnks were el ander dyablo fimlees,

right under the two girders of aach plntiorm,

bought up
ur.nlﬁ IIBI‘{"
Dut the workmen wookl not
et b use the slole title doe o thenm, for
of them callod thom Hanmor links, and |

Hidlea of the weggnitude of the wark when it is stated

that these wooden bmildi of which there are
four to & pier, ercctod o o height of 360 ft. above

high, with three Aoors st difforont heiglits, i

he top juncticns, although wot of such fmjor-
tancd 68 lllm skewhbacks, are yot Eulli‘ wortliy of
wore than o passing remark, {(Bee Figl 100 1o
116.) Here nre umited two tulmlar mombers—
the vertien] colwmn aod o diagonnd sirut—anid
five latticed wombers—the top member in the
ventre lower, the top member in the cantilover,
the fimt inchoed fie i the same, the highest of
the four wjod bricings between columns, wind the

two Inttor pot shown inthe oigmweign),

The wmnin strowgtl of is junetion les in n
numlr of very Inrge wobplstes corried on esch
side of the eomtro in direet  continuntion of
tho wolis of the tep mombors,  Inside  these
are the staviingplatos, or limn, e they wire
prerpulagly callend, oF the dingonal strutes, and outsido
them Hiose of the first inchoed (e i bay 1of the
aamtilover. Dl sujpported by ol Doams
with & grwlual clonge from round 0 sqoare,
wonnout iE with the vortical solumn.  The fhowes
of the bep Loy of the top membors are cnrmied
right througly, Dut the fianges of the Lottinn looms
neo replnecd by oxtea pilates and heavy angles,
Mawt of the rvetting of the mnin webs wiss dowe by
nrdinary Lydmulic vivetters, but a large numhber
Dnaide the oully, by el civebem ot e 3t
jressure of aipilor construction as those usesd
|t|l1‘_' cills of the wkewloeka, The bop junction is
shown in Fige. 0 and 100 in elevation and plan,

and requirca no further oxplanation.  The rivots
ting of the top wember betwean vertlon) colunis
wan now  pumbod on as el ns possible, and,
as moon o ponpleted, the working platforin was
trausferred  to' the wvery wop of these girders
wiil the removal of platform  givders  and wl
hydmulic lifting gear, comme o Mae was ol
the mor nocessary siwe b will bo romembersd
the platform gindars were mwde out of portions of
the first inclind tie of the ceantilovors, and was now
at onoe requirod te Gl it proper placo mothe
airisctura, any of the platea and illusteations
show details in connection with the lifting  plat-
forms and the work earried on upon them, Eﬂt- the
35:;2 hiere is not sufficient to enter into deseription
them all

The removal of these platform ginders, many
hundrod tons i woight, with all the odds sanid ends

ing from o flattenad mound

of a mruli% platfor ppun than, was a work s hich
cansed Do litle mxin'qlr; for upon uoarly overy
iglow, wurk wis carried on

or jnut frem that lebglit might cuse danger to life
or limb,  The yoar in which the centml towors
wire erocted slimws (he proatest pomber of fatal
accidents in any one yeor, namely, 17, whilo the
avorage ovar the sovin yoes i only

e Menpkes ronsise TUE CASTILEVER.

Thy hottom membors from thoir peiats of junc.
tion with the skewbacks are wot corved bub are
enrvied 1w atuight line to the fiet bottom june-
tions, At the centre of these junctions the angle
altem and the membors continue stadglit to the next
{unction, amd s oo Bl the ond of the eantilever
renchod. At ewh cinnge the inglo besumos more
obtuse, until in the middle of the sisth or Inst bay
the mmombers aee all but Jevel, Looked at on plan
tho hottom iweribers, are 150 fl. ajurt, deitre
coittrs nb shewbaiks, snd 52 [t 2o, st the end
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posts—the centre lines boing straight betweon thiee “outaida angles vi either gide in the same manner | to be adopted to forwmed the work, A eago
two pointa (eee the plan in Plate T1L) The dismetey | as ie done in the ease of the flanges of the top [about 19 fl. wpuare, winl consisting of w ounder

of these members at the skewhack is 12 R, and the | members when
form civenlar, and the same forni continues 611 ths | in the top ju

end of bay 4, where the dizmeter is 6 1L 0 in.—a
gradusl taper being maintained throvghout, Be-
tween tho end of 4 and the venire of hay b,
the form of these members ds roctangular with &

ging the heads of struts ad ties
(maA; '

At the crossing of struts and tes lavge and strong

t plates are rivotted, mto which aro attachod

so-galled vertical tes. This is clearly seen in

Plate ITI. These are also rectapgular  littice

of soctiona ench 8 f, i length, was plased opon
bhe Tottonn membor.  {Ses Figs, 100 and 106, ol
Flate TX.) Tt wae so ametructed chat onch see-
tion could be taken swway ot the Tack s placed
I fromd, and this operation was pecforned by
& hydvaulio erang plased on the top of the

curved ontsiide, and after this & pluin rectangle on | girders eonsisting of four booma, vy in the lighter | cage itsell.. This crano has a il of fxed Jongth,
all four sides of varying huifht. and width, until at | ones of four angles cross-beacod on all four sides, which it could not alter, but it could slide up and

tho and of the eantlever the

each way, The thickness of the plates in the bottom  bottom members by means of benl angles and s on ench side.

orm 15 square of 37t | and to the Jowar extromitios of these areittaelied the down the wyp of this enge Ly means of Tydmaolie

It could alse slow conplotely

meinbers i 1) i ot the skewbacks, gradually dc- gussel plates, These vertical ties, .nlt.llu:fh not round,  The forwand gt of the ense was used Dy
cronsing - to Jin. at the enda,  The sme mede of & exnctly mndway botween two hoth the plators for huilding np the tabe, the Teams

cematenetion with longitndingl beama and trunsverse |

tapheagma of eirculsr or othor whape i8 followed
e the end. Tu all the bottom Junctions the wain
strength iz eoncentratod in stron
which the vircular tube i3 geadunlly carried over,
curved plates being L}]mud on the outside of these
wobs to mwaintain the ciroular appesranee on thie
outside of the junclions. (Sce l!‘:'g. 126,) Tu the
wain wobplates the bornplates of the ties pointing
backward, and thess nl' tho struts pointing -for:
wird, are attached, E::a}:ﬂ; that the winding of the
auter shell s perpendicutsr instosd of hortzontal,
the construction of those junetions in principle is
aimilar Lo that of the top junctions at the head of
the vertical colnmns, but turned upside. down,

The ehatrges in the form of soetion in the buttom
mombers are imlwated in the gencral elevation,
iam, wenl slde elevitions of the cantilever in
&’Iii.te 1. )

The top embers (we Fig, 1L or priicijpal
tenaioa members nre lattice girders of rectagular
seetivng, comui=ting of four main boGms, which are
broced on four sedes.  The webplates sre carried
thmugll; the whole lengih of the ginlers wnbruken,
ouly ehapging i depth and thickmess, or in the
number of thicknesses,  Tha vertical side lracings
—anygles alternately on ono side manl other side of
the walm—are double-crossed throughout. The
horizoiitil Leacing {8 not attached to the o) and
Littom Manres, Tut to s specinl plato attached to the
welbi by nngles o eneh side, and salled the horizontal
woh,  The horizontal bracing is slse of wigle hara,
but for the west part in single or zig-zag fashion,
Thie top langes run right throngh to end of Ty 5,
whure they m;prwau'. the two web sugles at top
anel Botbom supplying aosufiicient amouwnt of section,
Lhe hottum Aatges run up b the top jonctions
only on the inside, it right  through on the oul-
side, the leas of ssction being made up hore in
other ways.  Like the junctions in the bottom
meibors, the webplstes an the top junctions sre
gtiffemed or duubledd, and receive the hormplates of
struts piud tios, with which they formi s very abeong
fromawork, stiffenal by bulkheads or dinphmgms,

Tha indlined atruts (see Fig, 117) are flattoned
on the sides to fanilitats their interscction with the
tiea and their attachments to botlom  junctions and
top junctions.  They are, however, changed in form
altegrother in their extremitivs —being made rectan-
gitlur the same as tho dingonal struts in the central
towers. A number of daphragms are placod n-
ternnlly whore these changes eccur, to keep the
stritta in shape. The thicknesses of plate va
between § b and 4 in sceording to position. Their
construction i8 on the samo principle ks the other
tubular members —lsp-jointson the eircumforence —
butt joints at ends—all plates being 16 fe. long,
breaking juint every B It with o disphragm ot
each joint. Steuts 1 and 2 are made '::{1 of sight

lates ; struts 3 and 4 of asix plates ; and strut 5 of

unr plates ou the circomference:

Assoon in Plato 111, all struts in the cuutilovoes
aro bracod and stiffened by diagonal wind-bracing
girders of box shape, ounsisting of four corner
angles with double or single  erose-bracing on all
four sldew. These are attiohad to the struta b
plate pussets and revoras mi;lm, e gindor ia
Eﬂnurnﬂy onrricd right Uirough, the other bs in two

alvim il is earrisd actons by o reverse nnglea
and stilfeniug plates. At the hewds of every pair
of struts s hiarizontal Iattice ginder is placed betwoen

I.uq‘ij’undinuﬂ.

e tension membirs aro all of the lattics ginder

B’ re with fuur main booms of T shape braced on
fuur sides, The setion of the main booms s

mide up of ano ar saveral woliplates, and one or | ik Uhe point oF intersection

membors’ junctions, serve Lo provent undue deflec-
tion in these mombers, and in the frst three b:ﬁa.
of gantilevers serve to carry the weight of the

wehplates into l internal vinduct by moans of » plate girder across, tlie o

stiffoned by dingonal wind bracing,

g 18 o St

Laes a0

DETALILS OF

It the tengion members two top and two bottom
bierma break juinl alternately, and all webs and
flanges are donble covered. e tap and bottom
oross-hracings are rivetted to the fanges, the side
bracings to the welw, IMaphragms consisting of
angles on four sldes and anglo eross in contre are
pliaced at suitable distances apart,

The intornal viadock i the eantilovers is the same
as describod for the portion inthe central towers,
Fign, 110 anud 120 show a yeirtlon of it 10 elovation
anid oross-section at the point where the viaduet i=
supported in the econtro of hay 1 (woe Plate TI1).
The two fgores are nof deawn on the sane seale,
but utherwise refer to the sue point,

As the spans in the eatilovers hecome shorter
the visduct diminishes in strength of sections, snd
frum the centro of luy 2 W the end of lay 2 in
dapth aleo, At the eml of bay 4 the girdors
altogether disa r, and the fonr troughs wre

ed hoth on the cross gicders aud on the

dingonal wind bracings betweon the mintilevers.

All the variows suppe Hs of the intornsl visduct
in the cantilevers are shown so clensly in Plate TIT
tliat it is ot pecessary to onterint  fother datails

The disgonal wind brocings betwoeenr thie Dt
menibers are a'so of rostangulie box eatistruction
congieting of four main booms wade up in the
lupzer girdors by webs, fanges, and angles, and in
the shorter givders of simple corner angles, mﬂ
fre dotthle or single-briced: on all four sides, an
are joined by hgayvy gissct plates at the points of
interseetion..  They are juiised Lo the lattam mem-
bars by larwe gusset plates top and hottoni, clenrly
shivwn: in Plate L, plan of hottom maniboers,

Drnmso orr of THE CANTILEVERR.

Shortly before the lifting ’}Jut.fcrnn had arrived
the dingonal - sbriks

more fange pletes, with angles to eonest bath e columns in the centml towors, a oometiecnon

together, At the point of crossing with the struts

was wmle with the Duilding out of tlie botion

the inner fuges aro cub away and the section thus | wembers in the first bay of enutilevers, This

it i made ap
the woly anl

in somo garts, by s deepening of [way done ns yet by steatn derrick cmnes, but
y a duoalling and strenytheniug of  Mietr vendy wis limbed, and olher mems Load

Jit, G Senti
ny»f?cﬂswhm

strengthened and cerry the permanont way, hebug |

(aml plates and other paris heing liest Jeought
within rench of the hydruelic wane sl then
swuing round into plice, The wower portion of
eoutained the wune rivetting maching

| which alroady dome service in Gioshiog the

op Member

UANTILEVERS.

horizontal |me:u‘ of the: bottem members Detwoen
"eolumng,  For a length of ahout 64 e, the Iuttom
membor was thus tivetted up inorder B stiffon it
as moh we (wesible, nnd enable it o cury iteell
antl the necessary plant at the point of it, wenp-
wicted for a time until tempormry suppret coukl e
ound forit,  (See Fig, 105.)  As soon ns the onpo
had pot lwyond the point of  junetion betwcon
the hottom momber and the firet vortiesl tie, that
i centre of iy 3 (soe Pig, 121} gussets wero
attached to the botbom mewbers elveo to this
puint and to the wverticn] eolumiue  Dumedistely
abiryw the omizontal beweing botween: tho oolmims,
andl i chudn of Hanonersmith links were fixod up
{ botwern these two pointe. On thaso Hiika o ten-
| porary staging was suspended, by meaus of which
n hmavy plate tio—oue on each wide of the tubi—
coulll be inserted,  For these ties alpe  stpa
gussets were abtachod o Toth Detbon el p
vertical golumtn.  To tle gossets on e colunins
other gussets wore attechod, and o Hese wore
Bolied horizontal plate tes, Eodpended  to and
immicdintely helow the horizotal braeing gicdes
b the intevsection of the dingonal struts, A pet of
f!lut.u Llas were alei I“m‘fl ab e l}lll]llﬂll" eanti-
ever, aiil Dalatwe tos established. Thoss plite
tivw, lwoth lLorlzontsd and  ioelied, woere about
2 ft. 6 ine deep and of twe thicknonses of § .
Illnhr, Lisitigr, dni Tk, juertions of the main webs of
he tup wembors in bay 2 Proviens to the sttach
et of thoses ties Lo the gussots, the Dokt ment-
{wors were lifted np b the oxtont of weveral itohes
by misps of hydmolie s, In onlor that ey
might bo able to sopport their owo and sy
further welght which might e pul dpon them
during evcction of the first bay.  Most of these
applinnees. are shown clearly in Tlates, TX XA
noid XVITL
The lwwer portion of the Gt vortical tie was
thien il l.llr]i,l Jifthog irdoy il acries from uog
Lusttenn member to the othor, and & plitform bailt
ity ench side similue to those for the erection of the
sentral towers, only so much swaller and lighter,
Thess platforms were lifted by hydeaulie mams i



e vertical tios, and hy tho same ageney along the
vertion] colwmnns, snd while li!'tlug these in stages
of about 16 ft., the two struts 1 m cantilever and
the vertionl ties wore built up.  The use of lifting-
platforms was shandoned after thing all the work of
erection was done far more guickly and eficiently
by the cranes sscinlly dedigned for this work,

Moanwhile, the tup membors had beon completed,
und a S-ton bawd-cone wis set up o the top of
each vertical column. (See Fig, 121.)

The vinduet girders m the central bowers had
aluo been pmt together by pow, and a now platform
was thus seeured alumt balf-way up the erection.
The vinduct girders were nﬁwa{uuilt out’ by ovor.
hanging futo the cmtilovers, and o length of top
member as well, these two st being buoilt by the
Jton cranes on awd by wineh wid  taokle
wherover such could be wsed.  All the materinl
for the vinduct level was hoisted to it, and for the

mouthiirs, it was Jifted right to the Ia]l;.
@ visduct girders were strong encugh to carcy

( 51 )

drilled an siln,  This Junotion was then at onse
vivetted up, and thus & hew fred poimt sscuped
from which to proceed further out,  (Plate XV,

In the moan tHms, the top wember, or Jul.rﬂluu of this firit Lndf of bay L, wis & wark

Orune, s it was populbarl
invented, or at any mie desi
of the Queen's Jubiles in )

T) had heen erected
on the top of tap member,

is cvine consisted of & square fiame suppartal | si
on two gitders renching over all four booms of the the crane without & risk

top members from aide tis mide,

o which the erane ““hk ;
givdors werp placed. on o slides,

1 m 4 when requived,
hucizaital jils wit?l

luvel, ad the | the reverse baen were of s section o
%0 s teadily to|that of the urdimry braing s,
allow them to muve duwn the indine of about these bars were takon as woom as onal

put n eremendons straly uponthe two top menhors,
wihich wete thien still unsupprorted, snd thowvsh they
bore their load wall jt is evident that (he huililing

of preat

eallod (beonuse it was anxiety, lest a hosvy gade should conse sume serious
, wboul the time  distortions.

As the top members were never intendod to carry
wny lowd ecxeopt their own weight, the vertho)
birsoings wore mot au tly atvoug to carry
ol bending the Lars,

N Tho girders were These beacings ware somssguantly not oy doubled
of different hoights, m order to get the platform | by reverse bars runmiog the

ull lenigrth with them, Tt
Il and trobile
Templaces for
b mockion of

The crane itsolf had n | the top member, was huilt up, i thoy remuined in
v oo reach of 34 ft, and  could | their

places unti] the weight of the cane had prssed

alew round, hy means of & circular mok and pinion, | beyond the next main suppoct, Generlly spunkimg
to about 220 deg., or three-fifths of a full circle. | this crane Luilt all the members alove I{H‘. Iij;bul ut

It wis workod

by a pair of rovemible stoam | the visduct, and of course below that lovel aluo i

ougines, and lad o large barrel capalile of winding | necessary.  Its maximum 1ift wos 3 tons, and with
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Fio, 120. Secrmox or

themselves, overhanging for a length of 100 ft., and
oven then to enrry at the forsand end the weight
of a 3-ton erane amf its Jond, but, e s motter of
safety, wire ropes were enrried from the cuter ends
ufs tor the top junctions on vertien] columns.,

The top members abw had Lo caery their awn
weight unsupported for & longth of nearly 100 fL

The lifting platform in the first half of bay 1 was
ouly carried up to about 20 fr. above the level of
the viaduct, and there it remained. (See Plates
XV, and XVIL)

The first inclined ties in cantilevers were now
Liwught down from the top junctions, leing held
up and in position by means of tiniber struts ba-
tween them and the vertical colmmns, sud . Literally
;pu.rl by Iattice ginders from oue to the other, (Ses

i L

i )

E'BB tirst struts had also been built up to-some
20°fr. mhove the platfiem, sml when the ties had
been bronght down to the point of intersection
with the struts, preprratioie were mude to make
good their junctions, Previows ta this the positions
of struts, ties and vertlol ties, woere onvelilly
chiorked, oth as regards their mueting in the frue
cuntre s woll as boing the right distanco spart
froms the eentre-line of the bridyge, guRsot-
plates, jaining all three members together, were
then placed  positivn and the necessary holes

INTERNAL VIADUCT

up about 400 . of wire ropo j
with i, and was thus guite self-contained.  Bus-
prewded from the oo main girders of the frame was
# platform, carried some 4 ft. o 5t below the

rare exceptions o ions of the work were made
heavier than abont 50 owt, at the outside.

As soon a8 the oroasings betwoen struts 1 wml tios
1 had been made securs —n verticnl support —
box Iattice girder, was misad from, that t sepuRre
upwards in coutinestion of the vertieal tie helow,
in vrder Lo give the top member the necesssry sup-
ot As this support formed no part of the
}iniﬂhﬂd atructure it was made of iron only, Tut of
fully sufficlent strength, -

It requived, however, both longitudinad and latoral
support, and this was provided by carrying Inttice
ﬁ: ers Al a point about two-thirds of the heyght

tween the cronsings and the top members on escly
side, from the tien 1to the vertical supports, sml
teansversoly from one support Lo the other, Cross
tigs of wire rope were nlio carried up betweon the
supports.  As voon s the aupports lind reached up
to within s fuot or two of the top raembers, a further
lemgth was built to the latter, which reached right
aoross the supports. By this ting and with so niaeh
wkyght on them the top members had deflooted about
{in. to 10in,, and hyq.ﬂnulir: tame were now sersged
te Jift them up from the vertical supports, and gpve
them their prixlmr wwritiom, and place them asmuoch
higher as would a&l-:w for the probabls compres-
sion in the yertical supprrta

Meanwhile the lower portion of the ties I hud
been built from the pont of intersection down-

1t carried ite boiler | wards, the bottom membor hiad been brooghn

forward, ond the junction of bottom memlmrs
with struts and ties at the end of the first bay, Luilt
in. Hut the bottom niemlsrs also had deflected,

bottom boowns of the top membor, 64 it long and owing to their own welght and to that of the

abwout 30 ft. wide, md
lattice girders.:
The platbdog of this platform waa a0 xren

that it could readily be taken up in overy place |thi follewing plan was ndog

supported on four I.thtlrimt.ﬁ;ug machines —the enges and the botton

to lift the
wint, atd o do this
(Bee Figs, 123

unctions, 1t was, therefore,
wottony, members up st this

where required, the four lattice pirders being so and 124):

placed as to pass all strute and ties and vertical | Four Imnz‘

supports in succession, the flooring mmly requir
to he takon up,  The sides of I.l:::gf.lllf. urmlmrn].::ur;
the top membors projected to within abouf 6 £t
af the end of the jib, TIn building the op mem-
bors, the booms of which were in lomgths of about
4 ft., the crane could 1ift thens frow the vindpet
level Balow and place them nt oo T position, the
litiorm allowing safe growd for the nen who had
unido tho nto place and balt up the joints
il eover-plitea. £ v Lracings  fallowed
next, pnd then the t1:||||;|I.1-u-un'mu1 atl all otlier neoes-
rary work, aml when both sides of the tep member
were buailt and well holted ug, the o s wis skl
forward 24 B oo to the newly it section.
The crane with platforn amd al w oA
bt 64 tons, which, placed at o distance

angles were attuched newr the endi
af tiea 1 oo far ns thay hsd been brought down;
these angles wepe of sucl length as to projoct

some @ ft. to 8 fe below the under side of the

bottom mewmber ; two honvy box girdars were now
passed undereach of the bottom members, the lowor
une bebng fimed o the ends of the four angloe- v,
whilo the upper girder was I.m:n.uflj!. np o liaedwoond
pockings, wllbiv:h gavo it o full mdringg:ﬁlmt the
under side of the bettom memlers,  Between the
bwo girdors, hydraulic rams ateout 10 i, in dinmetor
wore plivcod.  The setion of the hydmulic s iy
Teing forced out was, therefore, to push the upper
sivdirs Turd up 1o the botbom members und the
tnmr givdors downwnrds, thereby putting & oorves.
ponding tensile strose i the tios 1.

In the vertical ties I, in the cettee of hay 1. a

weighed
uf aglmul. ah) ft. from the contreof the top junctions, joiut i each of the four boons hed been Jeft opan



(

in sueh manner that this tie could be shortenod to and to give them the elongation peoportionate to viaduet Ly the fop mebor erane, swung into
A tertain extent, s upper end at the crowsing that weght. Jresition, and st once holted on, whilo the stage
being now un abaolute fixture, Uy moans of an With this there were now, outsido the central tself, whon it renquiresd mising, was attached to
aveangeent of erossginlers and hydraulic mus towers, two points  established, the position. of  the vmoe for the monent and lifesd ap, whan it
this joint could now be closed to any disirod which was eorreet, and which were capahle of sus- was attached again by chainy or wire Topes to the
extent, new eover-plates being, of course, runuiral taining the full weight which they would have ulti- strut iteelfl,
to miake goiad tho joint. wately to sustiin in the completed strueture, The tie staging was hung to stont tope tackle
All being thus prepared, & theodolite was placed | The nexi uperation was to ralse the top mew- mnd let down by the wen working on the ties
in the centre of onch bottumn member, and thero bers from the temporary vertienl supports mr~|tl|munulwn. )
were lifted, both at the vertical ties and at the et | ried up from the points of crossing, wnd this alsi  As soon s the struts had heen built up ta »
of the imclined ties I, by means of the hydmulic was dlamu hy hydeaulic mms,  The tewsporary point close under the junctions with top membors
s, until the newbers hnd risen to the currect suppiorts raised from the points of intorscetion and  the Tntter hal thear pesition checkaod by theodolites,
angle and & trifle beyond, when hardwoud packings aarriod to the top membern were used nt the contre | pud, if roquired, they were upon these points also
wore put between the gieders, and wedges driven of every bay out, hecoming in ench coss much  lifted by hydranle prosacs ams sl then driftord
in, #o ag to secore the mmintennos of their post- slorter and bghter. They had o be romoved, up, and whon o correct positho werg ot onros
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tion. Thus placed, the holes in the new eovor- owing to want of material for waking a larger rivettod, Anothuor fixed Jruint wos fhos seourid,
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pitaten making up the joints i the Lovos of the
vortical ties were drilled at onee, mnd the joints
rivettod g,

The clostog leagtlis of the b of the inelioed
ties 1 were alwo mesured, and templots wdo of
themy and taken to the shopas bose lemyrtlia
wore then ent and drilled, ond ot onoe put mto
their plices, and the whole of the tiew Anished up
it every part and detail.

The efiect of tleze operntions then was:

L To wcure thw abwolute cprectness of the
position of the first bottom junctions as segsnds
the heiglt above water, aml their distanes fram
the centre line of bridgs, '

2. To put wpon both the fncdined e 1 and the
vertical ties that etross which would eorrespoml
with their shuce of welzght of the structure put up,
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ERECTION OF CANTILEVERA,

Fui. 121,

mm::l:;‘u{, fm]mmgy 'I;rﬁmplﬂ:: b&;hmﬂnimm “l-l}rr a:luimtl.hu tirst duky an enntilovers practieally oom-
rive ap snftichently o r ¢ oonen welght | plotd,
nined that of the staging which was attachod to them, | The plate girder, renching teanaverscly from one
ﬂllli_mumidwl:lhﬂu tluﬁ]uu!'iﬂu i s of the Iucu!,lfm-rJ wrtinl'L G to the othar, wwl oo \;’lﬁc lllru i
sectionn wis fhe esulf, {pvtodd Bl givders of the juternal visdoot,
The o member ctape gould now slide Forwnd l%unmwhilc hgmu: put do plnes, ua alio the dingonil
anathir oetion aml build, not only the next section | bencing bolow it The visduct was then advanoed
of the ltc.»I.lTlrrmrlulmlli]:i1IIi Tt almi: the uppee halvos of | over it and carried facward i..ii!hit MI;];& the I]n(:ﬁ
struts 1. LESa not tnke long,  They were  trestle at end of hay 1, which renches noross £
Loudlt froom the bottem upward, in the “m:?wujr e fers hottom - Juuotions and gives support o the
the inclined ties werw built from the top dowmward. | internal vmduct ot this point,
For the struts light sguare stiges fenced on four| S0 far comploted, all members wera it their
sbides wory nsid, thwﬁmmg 15 0t mptiars aned oot [osorrect elevation so far s this conlil bo '
in t.'!m_hciuntl-m ti Ju!luit.Eih:r rd.;lﬂ.. \ The ntnlﬂ:a wore: bl it was pusailile, and Tmp;munl}:r?nmul]?.' that,
Accussible by means of wiomden Silers labd feom powieg, o continoed  steomg winds (m) peermnuent
bottom upwards or by mope laddors hung from rheE -nrinf o was ks Yot ﬁ:lgd:l from anel wirber, A
tap. The bars wnd plves were picked oF the’ cortaly amount of displacement, 1mmvﬂ. Thus;



although the hottow menibers misght ol the end of
the firet junctions be the proper distanee apare
Frsin el other, yet tho dentie of an g
ey Hie botwoon them idght ot colncide wlfhwm
eentre line of the beidge, it fall o one silde or
tha other.  Precisely the sime thing might L ipen
in the case of the inclised struts, and the top
piiuliers tlis He bo o side or the sther of the
true contre Hne.

Nar was the wimd the only factor that couhl

prodnee such moresult, for the fact whethier the sum |

Wan n]\illin;ﬂ;:n the sst slde or the west side of the
hredee mowle o mnterind difference.  Tho the sun

appenring the |Irllmn o thee side of Hie tilaler
wembors on which ta roys fell wonbl expund,
wlale an the other sides the plates wouiined as

1
»
.
sy
g oy
2
-\q‘ Pp—
[ e Y
| .
l-_-.. 5 o
1~
. = i
N . %
¥
b
e —
L H*_
dﬂr'.ﬂh i =) P
Tk e
A'r;‘;:i__t =8 lj-*j;

53 )

(

pletely, it the last or elosing Tomgtlia outwirds
were alwaya loft to bo wessieod nal tompletod i
dite,  The gusssts by whilch they wore  wttacded
to the bottom memiers wers alroad
rivatbod o the Inttor, and i romained, thersfore,
oiily to erect the giedors in thoir placss and ke
the templets for the cosing euds. While thoy
werv  Dwing  ereetod they were hung ly  wire
ropas to the juternal visduct, Previous to Hus,
lowever, the exict pusition of e Wottam  mo-
hers Tnd to e ascortained, and, if nob cortest, wive
rupe tles attachod betwosn bottom wetnbers anid
givdos by vwnns of union  vews or timler atruts
worhed with wedges or amall hydraulic s, L
tor b employind B dlvaw the Tottom membery in oy
pish thons o, aecording to paguirements,  This

fixod nud | d

always s el greater from the west than foom
the east hay somothing to do with i, the weitoy
will mt ki e bimeell o sy, Lk apguairanies
ccidedly pwint in that divection,

With the oorrections iu the positions of the steuts
mml Jurttom mombors, the fitst Lays of the canti-
levers wers now eotiplotad, aud, oxeept iu s far
as the alustivity of the steel came Dibo play, all the
puints wors ma fixml ds 3f onch wos resting on o
solil nuumny‘lrlinr.

The dutics of the survay department in Goines-
thon with the erection of the oantilevers were of the
heaviest kind,  The work had to be enyried on in
the muost exprosad positions and i all woathers, Tn

Mr. W. N. Bakewell hielongs the ceedit of o groat
nehieveent, and it is ook too woch b ssy that to
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they wore,  This produced, therefore, 8 bend away | done, the templots of the booms wers taken and  his courage and decision and prompritude iu fixing
from the sun, to an extent ot inconsiderable, but, | the girders completed, Tlhe same process lad to points, is due the saving of much time and much

of course, ouly teiporary in its uction ; for, with| be repeted st every point of attachment, that i, ' ex

the smun turning to sonth and ing o wast, the

members rol only beesme abvaglitened agnin, but|
ite direction. |

hecame corved in the o

avery half-hay out, o position of fhie inclined
struts with regard to the cantre line of the hyidge
wan correctod in a preeisily similar way, amd

_Ermn it measurenments aml [lil]!_ﬂ in oonsbraction | thitn means was achievisd the succesefnl buaildine ot
might, of course, also . peoducs similar and per- | of these arma, nearly 700 ft. in Jength and weighing

mwianent resilts, sl it was Iherefore necesary to
take stepe b fix the position s fer as it mllﬁ ba
ilome, )

The dingond wind-hracings betwaon hottom niom-
hirs, uf which the fiest psir starts from the skow-
backe, tow required to e dealt with,

Ad neither Iult_un'n weinbers nor inclined stouts
hadd sver boen laid bogether in the  relstive posi-
tion, the wind-braclmgs conkl pot Le Tkt com-

som 00 e, with an error of unly 2in.. Fur
an error tlwrre sy aod, entionaly, it exists monearly
adl the =ix vantilevers, amd i the suno direction,
namely, toaast. Whether this is doe to the pre
vadling westorly winds, and the fact that the total
presstiee fronn the wost npon the structuro diicing &
twelvemonth st be probabdy ffty Hinos ns gredat
s the botal frodn thie east, o whistlior the foet that
the Literal deflockions due to the sin's smys e

iy bies 2 wore

wlidiire

rom the first bottom junctions struts 3 were
sturtail apwaaids, aud from the fied top Junchions
downwnrds, in rapetition of the
operations already gone through in the first by
Th:'au}hmnm moembers were built out and #
internal viaduet brovght furwand.  Upon bl latter
ware tiow yrectod —apon n staging saliding on the
rail troupls—two  stesm ormmem with  movalibe
derrivhs standing wide by mde, cach leing worked
h{r a stenm wineh placed some distasoe: belind.
Wire rojes wore oxcluskively vl Ty Mhisse eranes,
whicl, owing to their position, were called the twins
Ax the Jubilee crate, rosting o0 e tag mimlores,
built all the work from near the visduet lovel



( 54)

u , 80 the twin ceancw built ey orything from  union serews being used in the plaes of hydmulic’ by Lydoulic rivottors, whilo the atrots were rivettod
that livel downwinds, eylinders. by hand only.  The main booma of the ties were
Up b this time wost of the materia]l of which | The ereetion of hays 3, 4, B, and 6 was simply | rivetted up in the yard a4 far ns could be done by
the members were built was lifted by the hoists in | toutine work—yepetitions of the worle gone through  machines, snd Tittle more than the joints and hrme-
the centen] towars, and broaght forwand on tempo- | —and so mugh mote ensy for the reason thal nol fig bars were loft to do after erection. (f the
rary limes of Tails to within reach of clthor top only hed the distances, both vertically and hotizon- internal viaduct alao as moch s conld conveniontly
momber eranes or cranes on the viaduct,. From  tally, between the members become wo much Jes | be got at was done by hydemulic machines, and the
thin peint forward anly the light material, such us | great, but alun becanse the men hind bocome soskilful rest by band.
hars, anyfllun._mnl othor things, were sent up the and wo acoustomied to their tasks, that what ap-  The booma of the wind-leneings wero also rivetted
hodsts, while all the Leavy hooms and plates wore | poared o one tiowe fo be insurmountable diffioulties | together in the yard by hydesulic maehines, and s
need]l on board one of the steam largek, and | and hosedoos undertakings, bad now Deeome mern | thoy decrossad l’:wuigﬂ further forwand they wera
iniated |:rh]r o of the twin couee to the viedoet ehild's play, and was done in those exposed posi- rivetted, ot timos o the full squae, at others tops

level, and thenes weve tnken Dy the Jubiles arane | tions aa ensily na if the men were standing vpon the | amd bottoma, thus leaving the side lracings only to
0 the top,  Semewhat later, again, when the top . loor of an opdinary workshop, be enmpleted.
Hydraule L .
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THE " UrBILEE " CRANE ON TOF MEMUERS OF CANTILEVERS.

members hid still nearer approschod tothe water, | The rivetting of the work followed the erection | Tn the same way the lattice box girders hetwoen
the materin forthes, wnd forthe u portions of w0 elonely, that wany spuuls of rivetters wore | the struts wore also doalt with ; they could be Tifted
struty and ties, was lifted by the Jubilee erave out working upan the extreme ends side hy side with | straight into their places, tho joints only aod the
of the barge, and swunginto place st onee, theveby e ereetors,  Tn the cise of the tension mombers | points of intersection requiring to be rvetted,
savig oinch twe and Inbour, |a]l the mnin joints were rivetted as soun as por-| The top membor was rivetted in all paits by
Iu the erection of tho bottom mombers o bay 2 aible after erection, and where sueh could not be | hydraolic machines wherover it was posaible to gol
the temporary attachmonts peeossary to hold thom | dome, all Joints worn bolted sp with specially pre- | the machina applied,  For this prrpase two or thioee
up in pewitiem were: earried partly to the point of | prred turned atocl boles, light timber stages followed at the biek of the
intersection of strots 1 and ties 1, partly to the| 1o the bottom members the hydmuotic rivotting ' Jubilee embe, and here two or theoe rivot-hanfing
firsl tl.;}l junetion, and thore sttached to hoada of wachine was eardiad forward to bevond tha end Ilurlllmq wern: kept woing Lo im'pp!l‘v the variows
struts 1. the thind bay, after whioh all rivets worn put in by | inachines going balow, the hot rivets being dropped
Hammeramith Bridgelinks woere vsed for the firsl | hand, partieular enre boing taken to have all the down a lang pipe, tho end of which was stuck into
mnd wire ropes for the seeond, no plite-tice bodng  work L'hucrm:ghly well balted up, and to Iml.- thebest | a pudl with ashes at the botbem. Thess furnsees
rovyoired. ter an still wire ropes wero eapuble and most trustworthy heands to the job.  All the were beated by oil and compressed air, Tt was thus
of dealing with most of the lifting reqoired, |tension members were almost exclusively rifett-aﬂ|ntmi'-r;c to bring along in the fisst instance from




the deck up to the tops of the towers, and then to
erlt siille down the contilevers, not only the pressure
pipes for the witer working the hydeaulic rivet.
tired, bt also for the sapply of comymoessod miv s
oil to the formees. The oil was brought in pipes

comriectod with a tank on the top of the mml.;!
"

towor, and rup down to the Formgee  tank
griwity.

Gueeigorry aaud Fife.

Bedplstes and contral towers 4818 tons each
Two eantiliovors ait v TOGBIG

Total L1e8

Tutal s e 81,364 for both

OYDRAULI LIFTING ARRANGEMERT FORIL BOUTTON MEMUELR OF CANTILEYEES,

cast-iron Lricks smd punchings a

bt with fio reault,  Only divided hy & gap of soma
S50 . i wad now jrossible to tako upos position in
o gale of wind, and by fixing o point on the appo-
site cantilover end and another point fully lllmI i
pifle further beck on the shove, tey to nee what the
Intcral deflection might be.  Baot, whatever its
atmpount, it was ten mmall to be nokiced by the
nakod oye; nor could any wovement ba fult
except a slight viheation whenevor an extra heavy
guat of wind wonld hurl itself against the solid face
of stvel plates,

It setting oot the centre lines in the vortioal
sonse of the bottom members while buflding cot
st by plate, allowanoe fnd been made at evory
umction for the natural and unaveidalile deflection
wn the wholt cantilever e s moes, This woe, of
coursd, aleo dome o osetting out the infernal
vinduot

It was intendod that thoro should be in the froe
cantiloyers n cambor of 1000 0t the end posta when
the cantilover was complotod—+lae ix, the line of
rails at the end post would be 10 in higher thanin
the central towers whon oo lowd was on the bridg,
Bat o get this it was to. st each section
higher by so much as it would defleer by the addi-
tign of the remainiyy soetions further forward,
The point aimed af was, therefors, set another
10 in. wp, or L ft, A in. altogether. "This was, of
course, entirely & matter of caleulation nnd of judg-
went, and in the ond the cantilevers arrived at the
position in which they were desived to be.

It remining now to tell liow the central girders
were erected and the final connestions made.

Thio vl guosts are hollow boxed nbont 4} ft. desp
ancd B ft, wide, by 40 ft. in height, and are ol
o thrco shiles, the fourth side towards the central
ginder baing open.  The hottomn members project
right ta the end of the post, while the top members
utﬂr shint at the ol ar innor wide, xoept the
wobplatos, which, in the shope of usaets,
are also cnrried full to the apan el far the
four froe cantilevers are exactly alike, bot in the
further arrangements they differ considerably, as
will presently be d.emihm:i’,

The end poets of the two Uxed eantilovers
where they rest in the contilever end piers are
different from the nbove, Ilere the poats wre re-
placod by a lnrge box about 8 ft. g amd extend-
ing over the whole width and height of the end of
the eantilevor, out of which an arched way haas
been cub to allow the i of tho trains., An
emd olevation of this box is in Fig. 2l ona
weciding page.  The ohjoct of these boxea has
oen ,ng,dl;r oxplained, arl will be sgain rofercod
bo i connection with the expansion movimonta
provided for at this point, ey are filled with
other sorap all
Iaid in asphalt poursd in hot snd fimdy s, thies
preventing shifting and at the wame time mn'kimi
the box wlt.er-t]i:.;ghl. About 1000 tons of duw
waight in placed at these points over and above the
weight of the steslwork,

The eentral girders have alrendy been deseribed
i having a slightly radsed or eurved top member
of polygonal form; thal & to say, it o stealght
from e uu‘ppm o another, i kink taking plwe it
the point of support, in the same wmamner as the
bottom mumber in the eantilevors, The bottom
membor s straight,  The two are connected by
cight paire of erosa-boacings o ench side, fnter-
sogting encli other ot the oemtre amil commisting of
struts and Hes, The girder fa 350 fL in lonath,

Central Grrder Gantilever
—— — —— e
i | ! g |- e — !' . —u & — e — — = ’

Fa 127,

With the laat intersections Imilt in hay 6, sl
atrubs and tied, bop senbers and bottom menbers
carriml past thom, it only remained to put op the
il pots to complete the cantilevers,

Tlie woight which bl now beon raised upon the
sarpponts sy bie aliortly stated as follows :

Inelugarrire.

Dedjlates amld centenl tower TIENG toms,
Tworantilevers ... .. IE0 |,
Tutal ia wos  17,7BB

or, om the three points, nﬁl'mld total of 49,000 tans,
n;:tiwunﬂug the apprvsch vinduet spmns st aithor
[ 8

Tut, apart from the permanont work, many
hundrad tons of weight in' the shape of cranes,
tompornry girders, winches, steon boilers, rivel
fornuees, rivotting  nuchines, miles of stosl
ropesand of gangwiys, and acees of solid timbir
staging were suspended from these cantilevers, A
heavy shower of rain wonld in a few mioutes put
an extrs welght of a lundred tows, and the storm
would try ita worst againet those immieting strfnces,

i (LI
M=y ?i.hlﬂ

Expaxsion JOINT PO HAIDN AT ENTS OF CENTHAL GUIENERA | INCIIGARVIE, KOHTIE ANID SOLTTIN.

ot the omis, and 00 fr. bigh in the
divided into elght bays of slightly
nnegual length,  The top membern are braced
togethier by 10 wets of dingonal Jattioe bmom

while the bottom memlwrs aro vonnocted Ly sl
plate ginlors artiug ws etoss-basrers, one st the

wirg contre nnd one st the end of every bay, in addition

tir theee forming the ends of the givders,  Vertical
tiem nre sttachid to ool intersection of strate and

{tied and carry the bottom members between tlie
| bottom junctions.  The bottam membars sre trough-

shaped and sbout 3 ft. high by 2 ft. @ in wide ;
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battonm, allow a horfzontal saovement of the whole
ginder round the centro of the pins, while yet
alluwing no lateral movement of any kind excopt
that which may bo doe to the nere {m]r‘&brmdtll
of play in the slide-block,

At the Queensforry aond TFife ends, howover,
theise blocks are absolute fistures, steel packings
linving been pliced into the twe 12-in. spoces W]Ii'::‘h
are Lift open on the Inchgarvie ends; and while yet
the same circulay horizontal movement round the
coptre of Lhe pina is possible, Both longitudinsl
and laterml movements are proventod, Bhould it
therefore happen that oo cantilever has bo sustain
the impact of a heavy gust of wind while the other
is not so affected, the deflection thereby uges]
ean take with it one énd of the contral girder and
leava the other in iks original ition witlt
[lutting:ﬂ wside stress upon the girder itaslf,

CTboshu bie mentioned that the lower bearings

nt Quectisforry and Fife in whicl the pins rest, are
not bolted down to the cantilaver ends, but have
play sufficient to allow horismntal cireular move.
ment round the centre of the plos in the inter-
locking armangenwent alove deseribed.

All expansion joints in the main structure have
now bean eonsidered, with the exeeption of that in
the cantilover end plora. At this point expansion
andl contraction to the mnoont already stated can
take place longitudinally, but in no other direction,
Thiz ia the enly vocssion where rollers are used for
bearings, and the arrangemont of these is olearly
ghown in Figs. 133 and TIH. The lsteral or
vertical movements arising heve arg prevented by
the following means:

The uteel easting A ia & fixture o the under side
of the extreme end of the cantilever, here in form
of abox. This casting forms thie hend of the roller
bearing, but also hears a gide Range, which is set
haril awminst o heavy east-ateel plate I& which ia
holted down hard to the masonry, snd cammies a
slde finge sluilar to that of A, As the same thing
s arrmnged on the opposite side, it is clear that
laterad movemment can only take |dace to the amount
of plny between A and B, which is practically wil,

Agnin, ob the top of the bottom emd pirdar of the
cantilever, outside the lusded box, & piece of steel
C s luid, which touches, or nearly touches, another
caat-stec] plate Iy let dnto tle masonry of the pler,
aid boltod to it by holding-down lelts.  Indepen-
denl therefors of the counterpoise placed at this end,
which prevents the cuntilever l.iftin;ilmlar ANy con-
witions of tradn lomd or fixed load, thore hﬁm\iﬁun
mado to prevont its rising shoold an vnusoally heavy
pust of storme-wind strike the erd  of the free
cantilover, and therehy try to lift mp this. This it
cannot do, Imt the stress cooses an upward deflec-
tiom in the fxed cantilevers within the limits of
the elasticity of the metal. Neither of Lhose
two srrangements interferes. with the longitodinal
expansion or contiaction, which are facilitated b
the arvangement of rollees hetween tho castings
amdl F. Al movemonts have n0w been considersd
in detail, nod sincs thoy sre of such vitil importsnce,
It will pot be superiluons to recapitulate t.Eam hera
miwll;:mc i M::.d TR ST

+Ex Bl contraction chny
in tmnjﬁ.turnrmriﬂﬁd forhy tﬁeﬂidlngﬂﬂlalzgﬁ
'n;.r the rocking tsat one ond of ench centra
girder, and by collor bearings In the bwvo cantilever
vnd v,

2. Latoval deflectiong, whether due to wind
prassure, or to the jnfluence of the son's rays,
provided for

() By the play left in the bedplates of the fized
cantilevors.

(%) By the arpungemont b the Koy platos batwesn
lowar and upper bedplates, which permit » slightly

e movemont on tw centrs of sach eolumin,
producing tarsion in the wa,

{e) By the central vortical pinsin the interlocki
r zangement betwsen ends of cantilevers and o
of central girders

All wertieal dofiectiong nre taken up and resisted
Ly the clsaticiky of the metal in (he stroctan.

As son as the ond pusits of the cantilovers hisd
Vieon built, the necesaary propacations woers made to
sturt with the erection of the contral ginders,  The
principle upon which this wirk was to proooed was
Lhe sauime a5 i th eantilovers, by overhaneing, but
i the pbsence of o Oxed joint botween the two,
uthar srrangoments had o be gusde.  Daoth onds
of the cemtral girders roquired to bo temporarily
attachad to the cantilovers until they wers er;gl.!

togeeher i the centro of the spay, and could there |

be joined wpo  The ends gould then be relegacd.
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| Inmthe first instanes, hosvy temporary platform
irders had to be attacled to the wnder side of the
ittomn members in cantilovers projocting  over
towinrds  ths rentral  gleders, some 26 ft (Sea
Fig. L35} Upon those worg laid  gross-Hmbers,
and n strong platform woas foroed apou which
the first hudf-bay of the cantral wivdor was ovsctad,
Thia had to bo done, howevar, outside, and sbout
6 ft, wwny from the end posts, becanse all rivety
iheiile the end posts, and theough those portions
of the central ginder which wouold have to le
drawn within the ond posts, roquired rivetting
up Al thess holes wore comnlersunk, and the
rivets. made flush, The cops which had to -
ceive the rocking posts were meanwhile placed in
position, and :mf]u,il} st and levallad, and next
the rooking pests, wolghing nearly nine tona each,
were lioisted up by apecial tackle sl alipped into
their places, and lowersd into the cups or seckets,
Inte the tops of the rocking posts wire now placed
the hialf- or kmuckles m!.]] flat togs, npon which
the wider side of the top mumbers of the central
girdors would cowie bo rests Thus far the Toch-
& The Quuensferry and Fife ends were
similarly dealt with, except that wo rocking poats,
but only the hurizoutal pina, had to be placed.  The
shipping in and fixlng of slide-hlocks ‘and- verti)
pine had idso to be dome at the samo e As
goon s the hali-bays of the girderon ech side
ware buill, the whele portion, weighing about
44 tons, was shifted back into ita plaes inside the
et post, and connected up and also drawn tight b
& number of and trire pipos passed round.
Hegvy tompirary ties were now attached ab the
cetttre of hay 6 in the top membors of the eanti-
Ievors b one end, and at the centre of bay 1 in tha
bups gnembars of the contral givdere.  (Ses :"ig. 1))
Thesa ties connieted of three lnyers of plate, sich § in.
in thicknesa, by 20 i In depth.  Theve wos one
auch trehle plate-tie to each side of & top wember,
or four altogether. The ends wors fixed to large
gmt,_lljlnm and rivetied up, but the middle joing
was bolted np by special burnod stecl bolts, 1 in.
in dinmetor, There wore about seventy-four bolts
o gl judnt.
To the ends of the hotbom members, bith in
cantilevera sl contril giedors, thick chst-steel
dates ware fitead, leaving o wedgeshapuad space
etween them, the wide end downwards, nod this
5 wan earefully templated, and stoel wedges,
about i, wide, two to each zide, wera fi in
and mel up hied,  (Sec Fum, 128, 10, and 13L.)
Everything wes now ready for continuing the build-
ing out of Eh;]ginlm, wnd half-bay by hali-bay was
snealily added, some delay being caused on sedount
ol all e joings in top and lottom booms baving
to he rivetted before much weight was alded for-

W
The to ber which had Ty d
‘thtt woy doswnhil] all'tho otk sinos

made thetr way downhill, doin
ind been eompleted, as the canti-

the fifth ba

levers had by then morrowed so much that thore
wal no ponin to bring the bwin cranes any further,
were now relieved of their heavy platforms wnder-
neath the top wiember, nnd of other temporary
applivnees they earried.  Thus mads lighter, they
were moved on Lhe tomporary plate-ties, and thence
on the top hoome of the central gicders, where the

now bigan to climb up the eorved booms h}wnn!{
the centre of the span.  (See Plite NXTX.) Thisa
crnties mow  bullt the whole of the worek, lifting all
the material out of the barges in mid-channel
excopt the heavy floor girders, which weigled
nmi‘r four tons each, and were boisted by special
tuclle with wire ropes and steam winches set up
near the enids of thi cantilovers,

It was not long Lefore the Jubilee ersnes, which
had criginally started from the eope of the Ioch-
garvio tower, and had procesded, the ono towards
the mouth wod the other towards the worth, mot
faoo to face, the two others; which had cotwe down
from the topa of the Queensforry and Fifa towers
respontively, and with the putting in of the Tt
Tangths of booms, their functions practivally came
tonnenid  (Ses Plata 1V.)

Mueh, lhowover, remminod yet to be done, for
the connegtions had to be made, sind the making of
these depended Inmgely upon the weather, or at
any mte upun the tempernture. As it was not
[ conveniont to armego the jolnts wxactly in the
|L=Entru of the girder, where they wounld linve eoin-
citherd with the junctions of the lust of whrits
land tiow, the juint was laid in each instance some

't nearer towands Fife and Queensforry.  The
Lfour bays of the Inchgarvie halves were, therefors,

eomnploted, and half a tie nod hall o strot belonging
Lo sach of the othor two lialves were lofl invom-
plete.  (Bee Fig. 136.)

In setting vut from thie ends of the cantilovers
the wodgos had hean sat o such mannor ae to give
the Tottom boows al fdelimtion wpwards, whioh,
1 tio dafloction lad oconrred, wonld Ellmmr-: givedi the
girder b camber of 12 in.  The dofloction, howover,
arising froma: the incressing welght oveshanging,
reduced this to cxactly the caohber presorilod—
nanely 34 i

The lengthe of the bottowm booms of the gindor
wire fixed to ns to leave b the tewpertore of
i} deg. atill p gap of 4 in. olear Tiokwoun the wnda,
This waas o o am aeeount of Al possildbity of
the temperature rsing considerably above GO dog.,
which in the middle o Bepleniber, whon the wirath
centrl girder had beon expected to b eonnectod,
wna:gluita possible.  For the worth centml givder,
which was to Tave beon comoctied & montl Fter,
H:ﬂ same gap was Toft for o temperaturs of 30 dog.
CHLL Y.

Tui the top booms s somewhat larger spacewas left,
Inlum'nghi‘n alipe from abont 10040, at top down o
i at bottom of the webplates; for loee wedges
b t0 b insertad,

An it happened, howover, delayn ocenrred, sud
the south gieder was pot counectod bl Ootober,
and the noreh girder in Rovombor,

The conmection of thess central girders wae an
aperation of mnwet futerestiug charictar; for Lare
A rreater ose wos mndo of datueal forees o in
any other portion of this bridge,

As it was essantial to bave the tomporery plate
ties, which still held wp the weight of the two
halves of the central girdors, fully nmder comtral, &
il brick furnace, lioated by oil ad eowpressod
adr, in the same manner as the rivet-heating fur-
naces, wis built round each of the four plae tie
nt each end, jort above the ond posts, and overy-
thing mnds rewdy for instant Tighting of the same.
Arrangoments were also made to deaw together by
hydeaulic pressnre the {wo hottom bovms at the
gnpe in the joints in contro of girders, tn order to
be able Lo give overy clinnce to the work being
dane expeditionsly.

The temporary conueetions batwoen tho boows,
whieli, bowever, allowed full play to expansion and
contraction, were as followa: (Soo Ties, 137, 133
ol T3

To the bottom fnnges of the bottom beoms, large
sl thick plares lmf boon bolied on ench side of
the zap, extending over the whale widih of the bot-
tom fanges, and projecting o soue 7 o, on each
gide of thum, amd opon these plates other plates,
which ronched soroes the gap,  They wore Hxed on
the Cocensfercy nmid Fife wdes, bot eoubl move in
and out it the Inchgarvicends.  For the temporry
connection there large slot-holes were frovidad, nto
which balts 1% in. in dimmeter were fitted, but were
pesl put in until the time of making good the connec-
tion, the slot-holes being 4 v, Jomg, while the holes
i the plates, which were purts of the booms wers
simply round, of 17 in, diamster, Oues these bolta
were driven in, the g between thoe booma could
not bie ineronsed, but in ense of ingroas of bampers-
ture the slots would allow the gap Lo decrease and

swpovent buckling in the bommsa. @ arrngeimont
Lclu.;r];,r shown o Wie illuateation.

The temperature hind heen watched for soveml
ﬂiga., and the chinges in the length of the lwom
anids - moted, and after everything was roady for
makiug the counncton, the uperatore yet failed
for several digys to rise to within O deg, Lo 8 deg. of
the 00 dex, required, nd the largn bult-holes wers
Liarely half open. . The application of hydrulic
presaura ooly gava about § in., egual ko d dog, of
tenyjieenturs, and thane was nothing for it but to
wait patiemtly. At last, on tho piternoon. of O
tober 10, with the sun shining Drightly from the
south-west, the tempersture boing 65 deg. gens-
lly, the weat Toom cante Logothisg ner onough (o
give o full bolt-lioks ; Lot tlin enst oo wanted o
quarter of au inch, in spite of ob the pull hat
conld o gor ontoaf the bydranlie eams; s a0 quade
tity of wiste sonked in paplitha wes put into the
berttomi emans fur about G0 fE W either dide of the

ap nnd set om funy and fnoa fow moments tha
oot had expanded to the full muount requiresd,
All the bolta) Ewonty-threo i unmber, wore At
once put inkoe the hdles and sorewed down lisid-
tight. - Tho web-govers atroas the gap to secl wide
of tha Loua, wd the cornoer anglos, were put on,
wnd one wide, which had bean kept blind, was
drilled theough at once, and the govers halted up.



Tliis joint having beeu made at the tine of th!

highest temporsture of the day, when the eanti-
levers and gicdors were of tho groatest lengeh
owitig Lo cxpansion, it follows that as soun ad tews
periture  decreascd, the csntilevers and girders
woritld shiorton, and the only gap Jeft in the 1
bous, namely at the Incherurvie end, where the
wodzes were placeil, would open.  Had the change
hotwesn the maximum tempermturs of day and the
nifmonn tmperature of pieht been eonsiderslie
the wedges would therely have beon rolensed, nnd,
if fres, would lisve dropped out. Precautions had,
huwaver, benn taken, and Dnd the wedgss leen
wver 5o nlack they could ot have weved from their
diveew, In pddition to this, hydrmolic cylinders L
n attached to the endy of the wedges, by mowus
of which they could wlien neessary be deswn out
from between the platee  The change was, how-
ever, only about & deg., and with the tremendois
comprossnn. on these wodges could make but lictlo
difference.

L this condition the ginler was left overmight,
Lt earcfully watched, amd all changes of tempera-
ture and of wovement iy the upper Ascer-
tained and noted d swn.

At B a.m, on Octabier 11 a start was. made with
the deswing of the wodges first ot the Queensferry
e, and then wt tho Injﬁ?nn'i: end of the girder,
and they were drawn down with little offore.
{See Fig, 143 at CC.) At the same timoe the wedges
oF kﬁf-Plut.ﬂu which elosed the top booms were
placed in powition amd driven down hard into their
places at A A, The top boom connections were
wamowhat diffivent in natuty, the strusses,
after connection had boen mnde, boing exactly tho
oppokite of thoees in the bottom beoms, namely,
cuompressive instosd of tensila,

Tt will be romembered that the woights of thao
two halves of the centeal givders ware hald up by
the four plate ties connecting them with the canti-
levers at D D, Fig, 143 expunsions in the
cantilevers, after the battom booma ware connected,
would have the effect of drawing up the eentre
portion of these houms in the same way, as if;
matesd of a eentral girder, there hul becn a simple
rupe attached to theso ties. On both eantilevers
contracting vr shrinking, the rope would have been
tighitoned snd lost smne of ibs downward deflection
o sagat B, This was procisely what occurred to
the hottom booms of the girder, for the top booma
ware util&gﬂ. ing sl gonkd not prevent the further
Lypening eguph A tempornry sliding eonneetion
wag, however, nrranged in the top beoms in such
manner that pothing could prevent their moving
nearer bogether or further apart with the changes
i temporature, (Bee Figs. 140, 141, and 142)
The mps left between the webs of the booms,
which were here thickened to 2 in., were, as before
stated, from about 10 in, at tup down to 6 in. st
botbom of the web. (Bee Fig 140) The gaps
at A had been templated and the key or wedge-
platea made to these templater, It will now be
understam] that, in order that the bottom Liooms
of the girder should retain their camler or upward
deflection, it was essentinl that thess wedge
ghaped spaees should be closed at the lowest
possible temperature, for, when snee io their
places; the top hoom was closed like an wrol in
which the keystone had boon plased,

Fortunately the sctting up and holling up of
the girder Imr\'aﬂ during eonstruction had given the
hattum laony as much cambor as was regqa anil
it neadad no assistanos from the drawin tha
thes, otherwise some days of delay might have
ocourred, for the temperture kept high and tho
contraction in the cantilevers wus not suflicient to
draw the ties much,

The key-plates wore then driven down hard and
tho heavy web-covers on cach side were at once
drilled  theoogh and bolted up, At the sane
time T lars of heavy section were placed at the
top and bottomy tu form a temporaey connection of
tha flange plates.  'Timber struts from side to side
to keep the oo apart, sl wire rope tes o hold
tham together, wore also put on,

The remainiing halves of struts $ and ties 4 of the
Quesnsforey Walf of the contra) girdar were also
templated wow ko tho roguired size, and put in
place as moon aa possilie,

The gaps in the top bovms having now ol the
lowoel tempernture heen filled by the Ley-plates, the
gifect of m rise in temperature and consequent
expansion of the eantilevors would be to buckle
the tempormry plate-ties hetween central girder and
eantilgvers ot D D, Fig 143, As soon ss this

the furnaces and the task of lmocki
| wos saved, and the girdor swung in

( 59 )

movement 7an folt, the bolts at the central jnints

of these ties (see Fig. 130, at M} wers unlly
witlhdinwn and the ties altogether d . At
the same fime the fumaces weoee sol going, and

thw plnte-tiea made so hot that, whet o rise
or fall in temperature should take place, these
tiea could no longer resirain any movement, but
wonld yield to either influence.  With the romoval
of these ties the conteal] pindor enterod upon its full
functiom a8 a comnecting link between the two canti-
lovers, and the south span was thereby successfully
conopleted. A careful levelling on Octobor 12
ahnwed & eamber of 3% in. in the girder, and no de-
vintion late fromi s straight liue deawn botween
the centre of ends of the two eantilovers,

The north central girder had in the mwean thne
been built out in & precisely similar manner, snd by
October 16 it was sufficiently advanced to allow a

amgway 06 ft, Jong to be laid across.  This enabled
Ehu directors of the oom to walk ncross the
biridge from end to emd—the chairman of the
company being actually the first person o cross
the north span.

By Octobir 28 the last hooms wore put b, and by
Novembor € everything was ready (o connect this
girder alse.  The tempemiure on that day did not
rise, however, sufficiently high to make the jeint,
but in the night & sudden fse took place, and bﬂ
7.0 in the morning the bottom booms were joined
tuiethnr for good,

b now rem a good fall of the tempersture to
gat the tup ennnocted, for the two halves of
this girder had been sot less high ot starting, snd
thore was now practically no cambor in the Lotton
boome, But the weather remnined obstinate and
the temparature very ligh, and it was not until the
morning of November 14 that the key-plates could
be driven in and the final conneetion made. An
epignde, of which much has been made in the
papers, ocourred on this cecasion, and the facte are
“Eg]ﬂ{:; follows : After the wedees at the Twttom
ends beon drawn out and the key-

e driven
in, n slight riss of ture wan indicated by L
thermomaoter i the conrse of the momi and

orders wets given to remove the boltain the central
jointa of tho conmecting-tios and to hight the fur-
nages.  Whether the thormometor indieated 1

or whethor the eantilevers had not had ﬂmemj’
expand under the rise of temperatur, or whether a
doeronae of the same took place it is not now posaibia
to prove, bot when only about 36 of the turned
steel bolts remained in the joints, and bofore the
furnaces could get fairly started, the -tios
shearsd the remaming bolts and parted with a bang
like a shot from l.ngﬁ-tun gun., Somathing of a
shalis accurred in the cantilovers which waa felt st
the opposite ends, and caused same little commotion
amung the men, No misha however,
and nothing in the way of o of the girders took
place as stated in the papers—simply the work of
out 36 holta

rockirs s
freely awif it had been freed in the most netural
IManTET.

And thus the Forth Bri was comploted —for
the remaining work was simply to replnce temparary
cvinections hy permanent ones, to rivet up
which were only belted, and do the thoussnd and
one things which always remain to be done after
everything is said to be finishod,

The thrilling portion of the story is done, and
the novelist would wish to leave off with so dramatic
an incident asthat just told, But there are yot
aumie details which belong to the hi of the
bridze, and which could not very well be Joft
unrecorded,

BiverTing.

An eurdy estimate has fixod the number of
rivets in the Forth Dridge at 5,000,000, but this
was evidently insullicient and the figure has rlaen
to 0, GO0, 00K, It is, liowever, doubtful whothor
even this covers the total mmoumt, for on the
central or Inchgarvie pier, where an exact record
of vivetting was kept, the number closed thera
amnunts to nesr upon 2,700 alone, and a very
large quantity of mnteris] was sent across from the
alioges and the feld which ks already been rivetied
up, and soch rivets are nol ineluded in the abova
total. The rivits vircled as b diameter from 1} o,
for the heavy tobes and the skewbacks down to
{ in, for the buckle-plates; and, as tu Jength, frow

1} o (messuced without the hoead) down to 1§ in.
The greatest thickness of plates rivettod tofgethior
was @ in., and this coctirred in the top junctimns at
the head of the vertienl edlumns on Inhigavvis—

¥ | the cum

t:l_::ika.ut thickness wes } in., in the flooring of the
vinduct,

The varioua lraulic rivetting machines, by
which about one-half of the rivetting was dong,
hiave already been descrilidl in the places whors
they earriad on their work, and noed nod be further
anlarged upon hore.

At the commencemont, ondinary furnaces Hred
with ooal were used for heating, but it soon boeonmo
evident that these coold nat b taken on the out-
Iyin formua owing Lo their weight, the weighe
of fuel, and lnat, though not lorat, ti the daoger of
fire catked by hot adhen loft o tinber stiging,

Yaorious kindd of Dironaced wops designed s
tried, all Lhestod by wil, and in the end the difficulty
was solved by turning the burner of un ordinary
Lucigen lamp, in 4 somewhat modified form, into &
small furnace and setting fire to it by a ploce of
burning waste drenchod in i, This wes » fre.
mendous advantage, for these little furnnoes, thangh
made of jrom and brick-lined, weighod little more
than half & tom, nnd eonld be hapdled and shifted
about with the teat ense, All they roquired
was & small pipe- to supply comprossed air, and
a small tank with oil, and & crane would pick them
upand put them inte any place whare thoy wore
most handy, A boy could work them and turn out
200 rivets an hour easily, all leated evenly to a
bright yellow heat in perfect condition for the
hydraulic machines, three or four of which were
filly kopt going hy one of these littls furmnees.
Thoy were taken inside the tobes, and the sinoke,
if oare was taken in adjusting the burner; could
ol moleat any e,

Larper furnaces were et up in No, 2 shed for
heating angles and tees, and thoy were vory suc-
cossful awing to the rogularity and evenmesa of the
flame and the facility with which they cauld be
lighted and kept up.

of the hand-rivettars in the struts and Inttice-
irders, ordin small forges were. i uss, with
E}]lm worked by a trendle or by the hand, Dut
hore also the oil-furnnees eame in usefully, for not
mlyh:ﬁta the rivﬁb: pre-l'};:.taﬂ in ﬂf:ll mtha I:l-qyif
one Lo anywhore poar, ]
mmmum a cunnection somewhere with
l.lrjiiigaa. and thus obtained a con-
stant hlast for their forges and saved themsclves
the trouble of working the ballows.

In places where so laroe an amount of timber
staging was required, nud where a fico on such
staging mighl have been aceompanied by the most

trous results to porfions of the permanent
work, such furnaces as ahove described are of in-
estimable value, for there is nothing Jeft behind
that could caman n firo after the man left work.  As
soon a8 the supply of air and oil are turned off all
flame at once disnppears, and in five minutes the
inalda s Llack and eold.

The ordinary small furniaces usad in the tubes ind
rrnthaxbugi'h\gmnhmtuin.ﬂdttrrﬂhl, high
and 4 fi long on the inside, with two doors for
charging and dmwing of rivets, They consumed
about twa g;i])mu of ofl per hour, with which they
eonld hoat 200, and on an smergency 200 rivets per
hour, or even 300, if of amallor size,

The sctual sige of this kind of funaes is howerer
a mnttor regulnted entirely by circumstances, and it is
nol possible to lay down hard and fast rules for their
oomatruction. e furnaces and fittings shown in
the illuatrations aro :

A furnace for heating the ends of angle biars, Lees,
or narrow plates, (Bso Figs. 144 to 14G.) An
varly frem of oll furnace with grate st bottom to
leep a body of glowing coal to assist combuation,
This however is nab nocessry.  (See Figs. 147 to
148.) The latest furm of small rivet furnace as used
an the stagings and inside the tobule membors.
(Beo Figs. 100 to 182,)

Figs. 1563 and 154 show the disinteprator, or spray
woducer, the action of which explaing itself,  In
It:- presant form it §s much simplitied, and i sny
obstruction in the small jeb oceurs, it s ewsily
clesired by serewing lnck the mootlipicce:

Teuransny Wouk 1x CoxsucTioN wWiTH
e ERECTION

If the prowd hoast is perfoctly justified that in
lLuflding the two 1710 ft. spana agrosa the Fortl.h.
anil erocting the 11,600 tons of steol maesod therein,
without having placod & single stick of timber into
the river, it is yot equally cortain that this mods
of oroction entails an immense amount of auxilicry
and tempomary work, which is Lath costly il waste-
ful with regard to time. Thete were many days



anid woeks lost Hivough waiting for erumsings of
junetions to b Tt g andd eompleted, amd althog
muehi of this sy beowaid bo b doe B the niwel
chinrnoter of the work, vet it s w point which must
et b Jost wight . Blsowloree, it has been stted
thnt owing to the penerd batter of the sdes of the
strueture, mnd owing bo 11 of 16 members heing ont
of the perpondicnlar, as well a4 the horizontal, they
Lid w nitural tendeney £ either fall togother, o
else upart, and in both cises apt o be both ourn of
the right divection,  This in boilding out a paic of
atruts of ties, so soon s s longth of S0 to 40 Tt had
been built, it Docasie nncmi'{::-pnt up bemporary
girders to hold them apart or keep them togathr,
and o large amount of dangorons work | ko b
done hefore a forther section of work could be
Idlt.  The wenibern thomsolves, even whon only
bolted up, were often so stiff that hydmuolie rams
Tunl tos b ssed vo force them spart or deaw thou
togathier.  In other cases wedges

union serews woraalde tu doal with thow.  Tn Jook-

ingat the illustmtions and plates showing varions |
phiser of the eroetion, this featmre willimmediately |

attract attention, and in many cases ib must b
difticult for any one excopt those conversant with

the structurs to distinguish batween tempomey s |

jrermusnent work,

For teasims expluined above, and ecasily onders |

atiul, it wis ot possible to fix the wind-bracing so
clome st the new work that tempuenry appliances

could e dispensed with, smd therpfore nn inonense

vmbee of Tattice-ginders, sonie ey, some et
Tl b Tee wsaed bo nflow the permanent members to
ha corrected, and whon corvected leld in position,
1 the botton mewmbers, eapocially noar the piers,
whery they ware soge 120 f apart, contre o
centre, the temponny ginders noturally hnd to be
very stroiyg and hoeavy, but after the complotion of
three bays, timbers were incmost - casos satticient]

gt bo tako a1l resistance, ] this much siopli-
find mntters, fur thnber s botls light in weight and
vnay b cut awd shinpse to vequirements,  Thow in the
Tt members alome; ot every vortical He and at
BEOEY juucﬁJm, the noeessary corcections roouived
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raomey expendod, bt fir the abanlntely rolinble ! batween the ghders and the topes; the fromer could
character of thia article, and for its manifold vaes. | e eadsed and Jowersd st will and beld in position

In the fivst fnstanice thore wor noarly a scoto of
cagiss oF lioists for the ridsing of oo and nmtorida
i the different lovals nt which work was carrisd on,
mivl these were poing continoously day and night
Fur several yuurs, and there s mot s single case on
record of & rope having given way without having
given ample warning, A fest the pulleys over
which tho ropes d wors uther small in dinmetar,
aiul the rauu!i:. of eonkinuous ranning was that singls
wires commenced to give way, but with » crackling
nwige which sem became known t0 the attmulant nt

T

Fig 145 " ~

[ plate and able to carry itsell.

0N

cinkil ajoiut with othor portiows of the work was

made.  Thus in tho embeal Lowers, oneo they ware
completsl, everything within the area conld be
suspended, and thus (e intornal vieduct was built
in the sastest wmnner fwssible, every length in
suceassion being lold up until vhe girder was coni-
And thus in tha
sme  pannoey whiles ilding ont the Dbuttom
members in cantilovers, the vertioa] tiss and strots,

‘and Inter on fhe wind leacings, o few wire vof es

attuched o the upper wembees, as far back s

ey
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Fig 141

the placing of temporary strats sl wive vope tion,
nnl in wont cases whon finally fixing the horizontal
winl-loneing sirders, similar girders had to be jlocsl
to fix the position of the member, A repetition
il i hjm‘l of work with overy tie aml stvut, in
bottem membasie and top moemlsers, at overy vertioal
b, and ot overy interssckion, walde op an amount
of work of which no vimble timoe s left, yot which
wits g ronl b its day as suy whicl holped i il
up the mighty filnie.

Tne UTsnl or Wmne Rores.
Of adl appliances m uae during tho ercetion none
v given weie unmived sebisfietion than st
wira ropor. U6 may be considered & rash guoess,
hough the writor at any rate has no hesitation in
aking ik, that the ek of aecidents would have beon
doublod af least, sl o great dea] more time and

OlL FURNATES FOR WEATING RIVETA

the higal. With the intewdnetion of pulloys of
% fr, 6 in, fn dinmetor, and guida pollays not analber
than 18 in., und laving the bottonh of the grooved
pullays Inid with hard wood, the ropes lastod thres
to four times sz Jong, that is Teom nine to bwelve
monthe, Faen whon takon off the hoists, moareovor,
tlm{l:ura iita good cnoigh o et e giida ropes
o b cnges, or to support stemly weights when
used ng pennnnta, or a9 temporary ties batwoon the
varin mambers of the stincture,

AN erapes waed wpen the erection - had their
whidns takon off I’::‘" legrecs, and wore supplied with
WIre Fopes i , which did the work moro guiotly
anl with far more safety and voliahility. Sl neers
usefud wore the eopes when portions of avarhanging
girders or other wmentders hal o be temporarily
spApendled from othey portions alrendy fixed, T
these eases, by means of union screws abtached

nocossary o obtaim & fixed hold, beld up—amd if
vidquired drew op—the overhanging onds to any
ilenired poattiom,

1t s anly necessary to enll atbention to the waight
of those ropos in eomparison with that of chain
caliles and Liemipy roges of equnl shrength, to see at
onen the great ndvantnges which the wae of these
ropen offercid for the pevticular kind of work whioh
bl b T alome ak the bredga.

Chimine Waight per 1'athon
frerernice of | ) e
Wire Wape, | Wies Rope. | Oaldo Chaine | Homp Bope,
4 in, 1% 1h. LT 8 TS
] " T 1 J0 T 19 L1
ol | omn | e, | ong,




In aY) casen mentioned here the wirs tope had
lilglior Urenking stress bhan tho otliar two. ¥

fncility of attacliment wis nlso w very good foa-
ture; for they could Iw tied 1k au ondinary rl’lln'
o wlas have tho end fxed rouml s common thinhle
or diondleye, nd be used with shacklis,  Nearly all
the anmd] siages which luul boen pasasd up and
down or whmyg the mombers wore hing by short
prenvants nvwle of wire vopo.

Finally, they could be sl alongside. or neross
the structurs, amd Dy means of rosning suatel-
blocks overy plaos mmde acoessible to the nem, ar
they could be wsed for mising material by moans of
single whips worked sver « steam-wineh barrel,
The employmeant of wire ropes for thin purqrse is
wall shown in the large ilhustration on Plate X. and
Plate XV.

The sizes used hore watuly were the 23 in, or
i dimocter, the 2} in. or § in. dinmeter, sl the
1% i or & . dinmetor were vsed on eoines or for

|
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ing into the Lollos of tho mil. The wile aro | thon and away through them. The top mombors

serawod down Ty J-in, woul serews with he
hieads. The totad wolght of rafls, fish-
expasion fuinta, &c., for the double line of rails
aeross the Lridge and visduets,  over GO0 tons.

The pail-troughs aro dlminod of water throngh
holiss drilled fnto the sidos svery few foot at the
lavel of the top of the tranverse blocking.  In the
ooy of buckle-platon botwoen the four trouglis
Liodos ure il bo let the water through, these
apcen baing made ap with asphsdt mixtnre in auch
tnnoT At losd l.lrl.hil watar to the outlete

The fotpaths on cach side of the double line are
wiade up Jike onlinary km'mnmta, it the syston
followird by the Boyssol Asphali Compaay, the
hlbaq-e Drimg suchi s o lewd all water to the outer
sitdes

Exvanston Jorwrs 1y Haiis,

These pre sll arranged on the sane principle;

thimgh of different Jongths,  Tn o the appeoach

ingle whips opon steass winches. For specinl viaduct span; md at the hxod ends of the contral
puarpaosas b, dnd - ropes wera waod, and for givders, the movements are o Insignifioant that »
the sorvice of men's cages and holsts:thie 3 in. or  very short mil-joint miffices to regolate the Literal

1in, dinmotar. Tha tests for the latter gave a
breaking struss of 3§ tons to 28 tons, while 'lil‘i‘ﬂ'li-'l'l]i
heavier than 3 tons in thoe cnse of material aw
33 owt, in tho cnse of o cage full of men were ever
put upon thom.

T PEuMavest Wav,

Tho interndd vinduct his aleoady been Fully e-
seribed in connection with the structure.  The four
rail-troughs in which thie deabla e is luid aee 18 in,
in dopth by 16 in, in width. (Fig. 165.) Thoy aro

wiphaltad in the bottom to iho lovel of the heel in
the auglebars, fn omder to make o woler-Hphi
lottom, Upen this bottom are ladd transversely,
nbout overy 2 £t 8 in. apart, Dlocks of teali abwow
b in, squire.  Betwoen these blocks tha B Arn
fillodd i with blocks of eroosoted pine, all set about
£ i bo d D sty and the whole is then flled up
to feval with o wiixturo of pitch and tar snd lﬂ:lruif.
ull, which quickly sets huml.
» Stiffening plates of stecl, alout 6 in, wide nd
# Iy thick, are vivelted in aliub every 14 fe, and
Imqﬂlﬂ- about 2 in, alwve the teak Blucks Al
ilucks are eut with an dwwsed slope towands the
centre of cach line of about § iu to the fook.

The whole mass of blocks aod flling, which
wmplutu]ﬁ sonks the Yower portion of the trongh,
are nmow dressed for the rooeption of the lotgi-
tulinnl sleepers, which are aboot 12 in, by 5} in.,
auancl wday -J teakwol, They nre cot in Jengths
which e multiphes of the 20 8 in. distance of
the tramdverss blocks, and ave fiotehod whore the
plato-atiffences vevur.  Play to the extent of [ in,
to d i, is lefr botwoon sloupers longthwise.

rengh the dloepurs ]Lule.n aru bored every 2 ft.
or 4 e, amd J-ins pans deiven down into the bloogks
The sloopers are Kopt b position transversdy by
wodge-shaged  Blocks of tonkwiwd,  The upper
fucon of the Jong sloopers ars ilressed to receive Lho
vutly. of “loddee" secthony the honviest yel rolled
wenghing 1240 1k, v tha lineal yard, A “soction of
the ruil is shown by Fig, 104, e vails are juined
by a hovzontn) fish-plate underlying the Hanges,
wiud sk bobo the alecpers with o projectim enter

displacament of the pointa due tn conteiction § bot,
at the slding ends of the cential girders, when
roviaion is tode for a Jongitudioa] movement of
wis oot aadd ot the ends of the fiaed cantillovers,
where half thet longth is provded, the arcange-
ment i somewhat more complicated.  Withont
going more nto detail, it will suftice to say that
the lomg miltongne ts made an alwalute fixture Lo
the rail-trough in which its unegt end reats.  Tia
priited dnd, eut ot an angle of 1 in G3; pruj_uulu
into the sppoaite trough aad mests on o plate lixod
Cliorein, lnying up close to the backing rail, whieh
in bent sway ot an angle of 1in 63 from the point
of tho tongue, The oniside of the llange of the
ruil-tonguoe fs cut in Jotig steps ab the sune angle
of Lin 63, and is Leld down by draw-washors to
the phate, which forms ole ece with. the hacking-
rail, but in sueh manner that it can slide in and
ot with the expansion and contretion.  In dod

soy however, Ly means of the sluping stepa it draws
the Juwer plate wind with it the backing-rail always
vlose up to the joint, which thus retains its position
relative to the centrs line of the bridge sl thos
kovps the gnuge corrvct,  The contrivance i ve

imgremdone winl unfailing in jts sction. (See Fiyg. 127,
The wind fence on ench siilo of the vieduet s

4 fe. 6 in. high, sud of elose lattice work, tul it i)

erowned by a handsioie  teak handmil of aub-
stantial appearance,

P aINTING,

Al plntes, burs, angles, and other parts Deloig.
ing to the suporstructuro, reoefyed as soum as the
bl sl tfnruuyh bl idispe or yurds w thopough
seyalring with steol serapers and steel wire hrushos
mind wftorwands a cont of Toilod linsesd off applic
e Lot s possibile,  Ansoon after oracthon tpon the
structure it coull convenlently e done, and |nmun)l'
clisin ales Tudora they wove put up, they receive
& cont of rod Jowd paint, and sulsegoently o second
ot of rel loml.  The paint fually deeidwd upon
for the hridge 4 an oxide of iron paint, of which
bwo conts ari ipipliod ovir the two coats of red Jewd
already laid. first s enllod & pruning coal of
dark choeolnte brown ; the Jast is s fAnishing oot
of & bright Indisn or Persian rod, which, bhowaver,
darkens  considurabily In n ahort thoe.  Four
diffurant kinds of pmint ave used, all; howsver, of
the zame eompesition, if of ditferent makers.

At Tifo ¢ Cendgg aed Blosa'n,

At Tnehgmeyvic : Calley’s Torbay.

At Queensferry 1 Ciorson b,

For contral givders ; Walstan's Torbay,

The sbove are for outside painting only, the
ingitlo of the tubwlir mombors vocoiving one cont
iof rod wnd two ooits of white load paint.

1t is calonlated that jnside and ouf, the aooont
of surfaca to ba printed is equal to 145 acren,

ARPITALTING,

The batter given tu the sides of thy stencturs
brings with it ope dissdvantage, moncly, that one-
lialf of each latifee-pivder lange foins with the
vertival web w recess in which eain-wator can lieg
and cavme rusting. o peevent this, all plaoes so
situated Hud the water cannot of itz own necord
ienin away are lllod with asphalt-omercte—4hat is,
a mldtury of aepladt, piteh, tar, sl coarse gravel—
to guch o oxtent that all wator will run off by
genvity,  Whivee this is nob possitide, or would lasd
to tioo much welght st iy holes aee drlled,

wnd the aspliall so laid ﬁut the water is drained to

m i contril owers, wll horizontal beacing plrdors,
tod, holts, sud all rocesses in top and battam  junotions, pre

done in this way.

The while of the inside of the slewhaoks, axoopt
where the nuts of the foundation-ilta are sttudted,
dre alsn dealh with in bhe ssme msnper, s the
anme At the bottoms of the vertical eoloms, the
diuf-‘.mll columnas, wind the struts B eantilever;
and in all cases plpes are fixed to lead the water to
the cutside. By tliks mouns it is hoped Lo prevent
all rusting in the places whore nocess fur constant
and thorough inspootion, ix nob casily to be hnd,

Time Woneses,

Toking thom sa w whole, it st Lo fnly ac.
knowlodired that the werkmen employed wpon the
bridgy liave unot, to any muterinl extont, L
the troubles mwl anxictes sttondant upon such &
wimk. Black sheep nre found everywhors, and of
thao duings of such a tolembly lively account might
eisily be prosentod.  Many of them—hundrods of
{heiwr—ware wiere bicds of sy, who nroved on
the trump, worked for & wesh or bwo, and pusded
un agin Lo other peurts, Bringing & puir of haals
with thom and taking them away awgiin,and having
by b oo e mgls u:hﬂumﬂ* Fettle e of Lhem
except Tor fhe purpose of lifting the Satvrday pay
panckeal mud wilpmg their mouthia pt the pothousa;
many othars alsoy who, tue clean-ahaven and too
closely-croppuel as tu v vnindy tiied to decsive
any sne s to the chameter of the hotol they wore
Lt aty ur tie invenl 8 plassible account of
the big gﬁ which they hmd jost Teft cowmplotod,
The j -uteamer, which sardod tho mon seross
the rivar moming and night, during the day made
louely tripa to the nurﬂl“:iii;lum and back fur the sor-
viee of fhe works sod fur the sccommodation of
visitors,  Bofore many months had gone by it wus
komown all ovar the comntry to every tramj that i
free pussage gould Te had for the stepping on boand
the boat, wnd the mumbaer of men whi, w any the
south side, were invariahly seking fur a job on the
north side; mnd wice weesd, Inotensed ot such an
ilnrming rate that steps had to he taken to stop
th%uuimm:n.t ) ‘

ul apart from thise, tis o o vaepartion to

that mlmr noed desire to have o do with a mm
civil or wellbehaved 1o of moen, always ready by
vlligo, always roady to go whare they wero told tu
go, choerfully obeyimg ardem to change from one
|1lnu: tu another, and; above all things, ready te
alp others in inisfortune, nob with advios but with
hands and purses.  Nor was thorn suy difforango in
that vespoct un accounl of patlonelity ; Seotch
l'hgflihh, nnil Trish were about eoually mopresunts
s bo pumbwrd, and  though the latter furnialied
vaky few shiflod hands, thoy were muostly vary hand
wurkers sad vory consciontious said colinble men.

For the sinking of the emesms w humbser of
foroign workmen wore employed for o shork time,
mel 3t is mather A curious eolucidence that, as
forcign workmen did soue of the enrliest work in
conneckion with the bridge, s now it & pumber
of furm? men are angpliyed upon some of the
last —namoly, the ]In}rhlg.uf the naphalt pave-
ment along the footpathe of the pormancnt way,
which fs dome under & sub-coutract by the Sl
Asphalt Compuny,

S&uvuu] sirikes oecurved during the bolding of
the birldge, most of thim brought about, not Ly the
mon thomselves, but by organised committees
cnwetion with  various Traded Unkoss soul thelr
disputes with employers in other parts of Scothnd
Tho cnitses wera often trivial sywough, suoli sa the
discharge from the works of sonue idle scamyp with
¢ ftardivate allowinee of the gife of the gab, and
whose denand to be roinectated in his dignity at
twonty-twi shillings per wisk, covsed an inomss
ampount of vseless aufforing to soores of his follow-
workwion, sna nove 8801 te Dhelr fomilios, amld s
‘-ﬂqm‘ﬁmmro inerwies il the takings of the neigh-
oty whisky shioje

The premcipal strike ol e sy in Jusg,
1087, pand was brought about through an accident,
eniisod outively by the envelesujss of o fow men,
A mavihile for rivotiers, conasting of iwo
givdory abont 130 ft. long, disposoed un either sde
of the vertieal colwmus, was Ilmuﬂ by wirn Tope
from winchou worked by worm and  wormwied
placed wbova,  The stage served for rivetting thi
wind-brscings betwonn the eoluiis, anl was mads
guedd by planking seross the two gitders b any
place roguiresd,  When ona section bom ilnoa
tlie stage was ralwed to the next seotion, sl while



this wos being done one of the gicders fouled a
piece of timber left in the girdors. This was nat
noticed, nnd in spite of the resistance the men ke

forging at tlie handles of the winches until one of the
wheels broke, and the whole stage rattled down,
errrying with it soane other stiging on which ssme
men were working,  Two men and & boy were killed,
anl two more wounded, and Lefore the real facts
were known the vsual agitators guickly organized A
strike, demanding an incroass of a penny per hour
all round, equal to a rise of from 15 to 20 per cent.
n their wages, on aocsount of the dangeroes nnture
ufdnth.a':J'ﬂnrk. As might have betlrlﬁ'x 2
srincipal spoutors al the meetings Leld duei o
EIE'II‘. ul[rrwl:'iung few days were wen who w'ﬂrail in
the yardsaway from all danger, or who did ot
work at all, and after holding out for & weak mest

of the strikers were glad to be allowsd to eome back. '

That accidints were frequent no «ne who cin
form an iden of the nnture of the work npon such
a strycture need be told, bub it is eually tre that
fully three-fourths of all more serions nocidents
were due entively to what mny n.i:ﬁs:l.'l_l:I b ealled
preventible causes. I any charge can be bronght

uinst the worlomen, or at any rate a large propor-
tiom of their nmmber, it i thit of utter indiflerance
or carelessness with regard to danger of causing
injuries or death to one ancther.  Not that in casea
ol sudden gecident men would have hesitatod Lo
tisk litnb or life for the sakeof helping.  Ou the
eomtiary, at such times the most Lhiernic efforts were
e b sueeour thoss inoneed; it i the every-day
work—with that fatal familiarity that is said to
brved  eontempt—while working om etages which
conild hardly be made largo enough or strong enough
tor holel the litter of tools and rubbich which bhoy
comatantly gathered, rhey were  throwing about
hanmers and drifts and l:hlaahkmd pieces of wood,
which in & moment were over the side, and tombled
dowm upon msy be three or four other tiors of Huf
ing, whers men were ongaged apon their work.
Special gangs of men wers organised to clear all
these things away, and endless warnings and
entrosties wore given, but to noavail, and it peedod
the sight of a wounded and mangled fellow-ereature,
or his blowly corpee; to bring home to them the
periousness of the situation and the advissbility of
mn to put down a tool instead of throwing it
. RWAY,

In the summer of 1883 a Bick and Accident
Club was started wpou the works. The e ber-
ship was compulsary for all employed by the con-
tractors, and the smount of eontribution to the
funds was one hour's pay per week, the maximum
contribution bein . por week.  Membera were
enititlod to medical adyvice and medicines, banid
&e, for thonselves, and medical advice for their
wives nud families, but no medicines, and, in
oddition, if unable to work, an allowance from the
funds proportionate to the weekly contributlom
made.  This aliment ranged from Da. up fo [2a
per weok, The fuperals of members were also
paid within certain Limits, and in cases of dosth or
perminnent disallemont by nccident or injury sus-
tained on the works, grants wers made to widows,
wives, and children. The eonteactors contrilmted
a sum of B0, yearly to tha Club, and gave & good
deal of other substantial asatstance. The Elub

proved a grent boon to the men, and more still to |

their wives and children, innsmuoch an they got o
great deal more ears and attention than thay
otherwise woald have beon likely te experionce,
Specinl medical yen were appointed st Dunferm.
ling, North Queensferry, leith, Edinburgh, Kirk-
Yiaton, mmd South Queensferry.  An  ambulance
m.;ilguu was provided, anid temporary hospitals
with every applisnee nesdod in case of accudend
wern eatahlished tpemn all three main centres,

The smount emtributed by the meubers of the
Club i the year 1888, when the grestest number
was employed, was 40060, which, with donstions,
the eontributions the firne, &, came up to
AB46!,  Cruk of this sum sick allowances were paid
uitt o the amonnt of 162U, ; aecident allowances,
VN, ; funern] expenaes, 148, ; widows' allowanees
178 - donation bo the Wl Infirmary, 1K, ; an
the rest boing medical fees and other expenses,
Tha sttondaices by the medical stafl amonuted to
over 20,000 in the year,  On the avorage (8} men
were receiving aliment from the Club every week,
F aceidents Between July, 1883, and  Christrnis,
1880, whon the Cloh consed to exist, hero had
veentred 67 fatal, 106 which required removal to
the infironry in Edinburgh (in which number,
bowevor, somu of the futal accidents are included,

tod the |
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"the men having died after admission), and 518
minnr  aceidonts, which required, however, tho

nttendance of a medieal man.

Apart from the benefits of this Club, however,
the men's welfare was looked after in every
respect,  While working in the foundations boots
and waterproofs wore provided for them free of
charge.  Later om, during the erection, they were
given thick woollen jackets, ax well as overalls amd
waterproof suits, and although o nominal chnrge
was maty for some of these in order to check the
carelissness and bad troatment of these things, it
waa rarely enforeed against a careful and deserving

man,

Large shelters and dining rooms were provided
for them, with stoves and men in charge to heat
their food for themn, and these were not only o deck
Lt on the top of the cantral towers, at the level of
 Vhe vinduet and right cul near the very ends af the

cantilevers.  Here the men not only could fake
thivir weals in warmth and comfort, but they eould
retire also in case of heavy showers or
AloTTIA.

In cnses of pocidents not cavsed by the men's own
Tuudt, the full wages wero ara tule paid by the con-
, fractors nntil the injured nan was able to returm to

wiork, or mmless an action was mized againet the
cantractors,

Every care was also laken and no expense wis
spared to mske good snd securs staging for the
workmen, and to construct gangways and roomy
shaireases to all places where work was © Wil

The wages pmd to all clasaes of workmen were as
# whele rather above the average, and as by far the
| greatest amount of eutside work was done by the
pieee, & skiliul aml = workman was snabled to
make double and treble his ordinary time wages if
ho applicd hin shilitien and energies in the right
divection.

Soma curions sspects of the labour question deve.
loped themselves in connection with piecework,
The hand-rivetters worked invariably in squads of
four, namely, two rivetters, one bolder-up, and one
rivet-heater, generally i Loy or Inl.  Now it is easy
Lo ses that the skill or the want of it in the last
functionary was of
of mivets pul in
sequently & sharp handy lad was worth a good wege,
and as & mln;l::dknﬁw ;1}.. I]Evuhmt are ot

nerally very s ¢ bt often loso a oF two,
lg: whi:iliyumr}:ma pr};rmrn of the squad :rj;ylil.ble Lo
enforced idleness.  After somo little discussion
among thomselves, these rivet-heating boys stosd
out for o fixed minimog sum, 20w fo 248, per week,
and this had to be paid whether the suad worked
or not,  This did not of courss alfect the employors,
{lor in piecework the hoad man of the squad was

jeid g mueh per 100 rivets, and he Tad o settle
Iwith the other members of his squad.  In another
senae it i said the boy s father o the mang Loy
the boy waz mastor of severnl men. The wages
were paid weekly.

The number of men employed varied somewhar
with the nature of the w o he done, and
natumlly plso with the sorsons, as in some instances
it was poxt to hnpossible to work during the night,
In the spring of 1EST the number bl d=en to 32040,
and rosa to over 4100 in September of the samo
fl:pt. Aftor the liftimg platforms were up to full
ieight in the central towers the pumber foll agnin
during the winter months o aboot 2000, bat yose
again asthe sumpmer advanced,  The lirgest number
uﬂé:usllrlluynd At one e was 4000, From January,
1885, the numbers graduvally decronsed, and
Jaywary, 1890, the average was 1200, and in
February, 1000, A large proportion of thess hands
are platein}rt'rn working upon the permancnt way,
and painters and their labourers. The removal of
the staging round the plors and the Ianding jutties,
anil the disposal of the plant, as well as the restors-
thon of bhe ground oncu][)iml by the workalos

ruda, for agrioultural purposes, will B

¥y number of hands for some months bo come

t influence upon the numbor

aanid
ool
yet,

Tue Ratzway CoNNRCTIONS.

The railway works now in eourse of constraction,
anid more or less dircctly connected with the Forth
Bridg, are exteusive and important ss regueds the
amount of hﬁmr;,r work thay entail.  OF these only
two lines are boing conrtructed by the Forth Bridgoe
Railway Company, the remainder being done by the
North DBritish Railway Company, The two lies
ara the south ap and the north approach rail-
wayn, the former extonding from the south arches
of the bridge ton junetion with the North Hritish

uring a day’s work, and con. | Perth

Railway at Dalwony, the Iatter from tho moril
archos of the bridge to n junction with the North
Dritish Railway at Inverkeithing.

@ engi for the approsch eailweys are
Messrs, Sir John Fowler and Baler, and the oon-
troctors Messrs, W, Arrol and Co. The further
warks are : .

On thi south sids @

L. A ling from Dalmany Junction in s more
direct line to a junction with the North Dritish
Ruilway st Copstorphing  Station, outside Edin-
Lurgh,  Total luusl,h., 8 wilen.  Eogineer, Mr.
James Carawell,  Contesetor, Mr. W Arral,

2. A limo frow o proint betweo Dulmeny Junetion
andd the Forth Bridge, to & juuction with the Xorth
British Iailway at Winchburgh, Length, 4] miles.
Engineer and contrpctor the smme as Tor Corstor-
phine line.

Oy the north ride :

3. A line from Inverkeithing to Bumtisland to
join the ordinury route from Edinburgh to Dundes,
riid Grantion nnd Borntistand, Total length; T miles
3 chaing,  Engineer, Mr. W, R, Galbeaith, Con-
tractors, Meesrs. John Waddel aud Sons.

4, Widening anid doubling of & line from Inver-
keithing to Townldll Junrction, beth on the Nortli

Britiah aystem.,  Length, B wiles 24 chaing.  Kngi-
nieer, Mr, James Corewell. Contrectors, Blessrs.
G ownd R Cousin,

5, A new loap line from Gowdenbeath to Kelty,
hath om the North British system. Length, 2 miles
) chains. Engineer, My, W, I Galbmaith. Con-
tractors, Messars, Chinrles Brand and Son,

6. Widenipg mul doubiling of & How from Kelty
to Mawearse, North Dritish system. Length, ti)
miles 3 choins, Engineer, Mr, James Carawell,
Crmtragtor, Mr. John Best,

7. A line from Mawearse through Glen , bon
junction with the Bridge of Earn station, North

ritish system.  Eugineer, Mr. W. H. Galbeaith.
Contractors, Messre, Charles Brand and Son.

A glanee at the map of Scotland will #how thet
through these new lnes the North Breltish Rallway
obtaing nccess to both the esat and west of the
1irthern Ertﬁ. To Dundee anid Aberdoen, wid
Inverkeith Burntislond and the Tay Bridge. To

il llio districts served by the Highland
Railway, vid Inverkeithing, Kinross, Glen Farg,
and Brdge of Earn,  The line from the Forth
Bridge o “'indihur!l;b opons i direct route to and
froom Glusgoow amd the west coast without towch-
ing Edinburgh. ‘The following s the estimated
eost of connccting railways now under constraction
ath the North Bratish syston:

Bauth of the Farth :

&
Dalmeny to Winchbua = o EHLONH)
i to Corstarphine: ... o T8, ()
Narth of the Forth:

Inverkeithing to Burmtisland ... 218,000
Neaw lines, and widening and
doubling  existi finos
between  Inverkeithing
and Mawonree, aleo Glon
Farg line from Maroarse

to Bridge of Earn w e 485,000

Total estimated eost ... aon 2TTH 0

The [ellowing Table of compmrstive distances
betwoeen Edinburgl and foor twns sorth of the
Forth, both hy Caledonion snd Novth British, may
bo of intorast:—

Length im Miles
Morth Caly-
Yritigh, | domian.
Edinburgh to Abordecn, wid
Forth and Tay Bridges ... | 130 | 150
Edinburgh to  Dundes, rid
Fuorth and Tay Bridges .. i | B0
Edinburgli to Porth, wid Forth
HBridge . 45 it
Fdivburgh to Montrose, vid
Forth and Tay Bridges ... e 1 123

Ii is not improbahle that arcangeiments can ba
tinde o got the following vumnlis ax regands train
servicg betwoon Lopdon and the North, London
to Perth, 8 hours.  London to Bundes, 104 hours.

London to Aberdeen, 12} hotir,



Thre Sormn Avrnoacn Ragpwary,

This line Las p total Jength of 53 clwins, and
pssen thraugh & cutting about 20 ft, on the averago
i deith, theough aoil and elny, and strata of free-
atone, intermixed with coal and shale. I

At phout 10 ehalps from the bri khe new
Forth Bridge Station i situated. At 45 chaing the
line to Wineliburgh branches off to the west with
- sharp curve.

The builling of the Forth Dridgo Station, amd
‘the widening of cutting, bridges, and embankments
ot at frst contemplated, will bring up the towml
oot to about 20,0000, The contesct will probably
wt b finished until the end of April

Tne Nonton Arenoaci Tammway.

This Tine i3 nearly 2wo miles in length, and com-
menied with an embankment gt the noetlc owd of
the brilge.  Tho ombankment is 34 ft. in dopth ab
the abutmont uf the n:.az.'umﬁ' arches, and continues
for a tength of 14 chains, when cutting Ko, 1 com-
monces, This cutting s theough whinstone, and
iy ovor 600 yacds long, with an average height of
80 fr.  The wark lLere was eommeonced by drivieg
a toplifs from both ends st about 40 ft. sbove
forniations, and 6l the same time bottom gnllets
froni the south end and the porth end, The
ninteria]l  excovated was run dewn an  ineline,
wirkad by gravity in the ordinary way, amd de-

ited to form No. 2 bank. The excavation nisdo
i the topdift peoved the rmck Lo be of such o
nature that an open cutting at the grent depth
woitld pot have been com ﬂihle with safety to the
toatic, and it wne: decided to form u covered wa
fur the tions alresdy excavated and to tunme
the reraninder.  Accordingly, shafts wera stunk in
twy places, and headings were driven from them
in ench  dircction. € tunnelled portions are
lined with side walls of roughly dressed whinstone
and rubble backing, while the roof s of breick,
‘her povered way lias wide walls and roof both of
shinatime inasonry.  Btarting from the south ond
ol this outting thore are 184 yerds of covered way,
2% yardn of tunnel, and 104 yards of eovered way,
ot the end of which the cutting terminates and
baok Ne. 2 commuences, This is 11 chaiva In
Yength, nmd is followed by n cutting through whin-
stuiier 11 cheing in length and, on the avernpe,
M it, in depth,  Another embankment followa,
gradually deepening und lending o a  vimduet
crosulig the North British Rallway snd the public
high voad, snd by another bank the outskirts of
luverlelthing are ranched,

The vindoet coneists of masonry abutments in
the form of eliptical arclies of 57 [L span ot elther
end and four spans of steel girdera of 100 (. spay
wneln  Fhe gieders rest on msonry prlers seb st an
anglo of 20 deg. to the centre line, and the whole
viaduet s v curve of 40 chains radius with o
grandient of 1 i 70,

At thie north abutument of this viadsct the bank
in 85 It in height, but, situated on rising ground,
rapidly falls away.

Ab Lk miles from wtarting another entting through
whinstono vommiences, thia extending for ﬁ chning,
Iullowed by o tunnel 378 yards in length under the
tuwn of Inverkeithing. ¥inally the line terminatos
i & junction with the North Dritish Railway at
Tuverkeithing.

The last-mentioned tunnel fsadsg ona curve of 40
ehaina radivs with & gradient of 1 in T, wmd wos
exonvited by means of hendings driven from sach
o The anlrgement to foll size wes priscipally
mudo from the south end of the tunnel, we Uw
winteriivl wis required st that end for the flling nvp
wf the banks, hin tunnel @ lined with nosmiy
stle walls, and o brick roof, =

Apart from the heavy cutting snd tunnelling
work, the greatest difticulty in this eoutract was
vausod by a bog through which bank No. 2 Tud to
b garrled.  After some 1]mﬂt{{|}f apoll hud boew
tippesd from: the porth end of No. 1 cutting, the
wutght of this inntorinl eommenced tu Boree up the
ground in front, anid thiz to such an extent as to
iiaplace the pablic highroad ranning to the south-
west wide of the bank, esrrying this rond some
i) B, out oF its covrse and altering the geadionts
materiafly, Thore was ut one thiae s foar that it
wioatld displsce the North British Railway ling be-
tween Nortly Cuoenaferry amd Tnverkoithing as
wirll, Lt Bortunately it stopped  short of  Chis
Thare & i this bank an oxcess of GILINM cubic
yordy over and aboye the estimated quantity of
LIE 660 quble yirds, and to obitain the necessnry

(6 )

quantity of spoil the east side of No. 2 cutting was
enlarged fo the necessiry oxtent,

Gedlegists will bave ib that this is the site of an
extinet voleans, but it will probably be best b
Yaave thie question to be setthad by goologists,

In the exonvation of tunmels sl cutting, jmed-
mantie drills wore penorally used with good results,
The explosives ussd wore both dynamite nnd ordi-
nary blast!ng powilar,

e total rock excsvation swmounted to 341,000
cuhir yards in the aolid,

Thoe filling in tha Fanks i ax follows:

Iiank Mo, 1 33400 cubic yands
Na, 2 115,000 o

G, (M)

148, 1IN

24 /5

L3550

1,000

Total 450,200 cuble yrrdes.

The total woight of stoclwork in the viadnet and
road bridgos is 400 Lons for the former and 190 tana
for the latter—totnl, 850 tons,

The whole north approich line, from the sbot-
momit of the Lridge ta uverkeithing, is on s fent
of T in 70, exeept at one point, whero it is level for
about 10 yarde

The sum for this contract was 88,0781, meressed
thraugh extisn work by 18,0000, or a tokal of
INLGTRL —eruad to something ovor 56,0000 per
wile,

A new station has beon buile st Inverkeithing.
At predent there is no station botwoon this and the
Forth Bridge Station an the south side,

The writer wishes to express hin indobtedness Lo

(original estimat: }
e (et
Ko, 3
Measanry
Ballast

Filling

"
L1
i
n
(1]

; Mr. Louis Nevills, the contractors’ engineer far the
lnpmch radlways, who furnished the above parti-

L

Welont oF THE BUrECSTROCTURE,

The subjoined tabular statument will give some
idea of tho amount of steel distributed over the
Inain supports,

exponditure year by year js comoerned, bub the
Lokl mimounts are correot and st e,

Far hall-year snding ‘

ERE ' &

£s3 Deceambor 31, 1842 TiNK)
== ‘é June 3, 1883 [ 49 5
i= Dueember 31, 1885 57,000)
53 June 30, 1854 | 118,000
i) Danganbuoer 31, 1884 218,210
B June D, ARG LY HHY
SIEE | Decomber3l, 150 210,000
SET = Juiries 50, 1R 158, (WM}
Zes=2H Dreceimber 31, 1854 S8, IO
8B5S Jume 30, 1BET 2 VT )
aogs Docamber 31, 1857 243,100
Eszs June G0, 1888 L8RS, oy
R Pecentber 3L, 1558 21K, 00
SEZE Jun Y, 1550 1R, (00
%% I Dogember 31, 1889 138,000
FRen Total ... |, e

Add ta this the amount expondisd in
conpectiom  with  Sir Thomae Bonelis
suspension bridge (lncluding all parlis-

WICHLATY eX[berise) wer e TR LI
H.TEM:-
Parlimmentury expenses in eommoetion
with cantilover bridge, onginearing ex-
penses, jnterest during construction, &e, 378,000
Total expenditure to Fapunry 1, 18000 3,177,200

It i estimated that a further sum of B, KL
will bo required te complete the structure, the
painting inciuded,

L.h{bﬂmlm of plant is expocted to realise fully
SO0,

For the eroction alone of the File, Inchgarvie,

snd Queensferry Plers, that is, everything on_ top

| of the cireular granite piers which miny be strictly

TABLE No. XI.—Quastrmes or StegL veko 18 Maun Seass,

Deseription-of Larts, Fife. Inchimrvin, | Gessiderry, Tutal.
i Mo | amw| Beims) Tg e
3 Central towers, ncluding bedplates ... 481G 16 T 3
G Cantileyers 2 l... ph. wo | 1 fized 1frea 2 freo 1 fixed 1 Fpee
Day 1 - - 4245 4 4313 12 1235 § 178
g e AR oG 2 of5H 12 2420 2 T 10
i g oy prv i 1764 6 1724 16 1764 06 W53 8
SAMbEE U B% Gee @ 104 3 10040 16 1034 3 R 2
Fy Y ) 19 e P GG 18 hZn 4 600 18 a2
B s we e s w2 433 12 FITE: 1405 16
¥ 0enbral ginders ... £33 410 16 821 10 410 15 1643
Bocking-posts and wteel castings... e 5L 9 @l O a1 o 1= 7
Loddera in tubular members ., 53 Sh Al b} ]_li
Totals ... .. 16,129 15 | 18,604 11 16,120 15 | 50,008 1

Welght of u fixed cnntilover: G441 tetin

o Free eantilever: 57D tona,

o 171 FE wpan: L0571 tons 10 owt,

1" ca.ll:]tIIWer bridge per foot run; @ tons
owt,

Table No, XII. on the nu:,m{mgu lowa the
quuniities of stesl erected and bolted up and rivetted

uring the vears 18587, 1888, and 1889, month by
monkh, Theso r%lmntitiu spply to the thres main
piers of the cantilover bridge only.

Tha tikal cost of the Irrunﬂnt:i:u of the Forth
Bridge nwy bo rough ut down 88 noaring
R MR, J':l'?ml in l.'rmml:lj..{imi: with this exjmaulitues
it i= necustary bo mention the pame of My T W,
Muik, whe acted as residont engineer for, and ss
representative of, Messrs, Sir John Fowler and
Taker from (he commumesment in. 1883 vutil the
eamplotion of the masonry piers in 1886, sud of
whose unfailing tact aind courtesy hits sy fricndi
rotain the fivelisst remoembrance.

LE
L1
n

Another vinme shonld be added here, that of foll

Mr. Willkun tray, whe Erow start Lo fingsh had
cliwege of all exenvation and masomy work, begides
othier duties of the most multiferious charetor,
aed of when it may be truly sab] that, ey or

might, sarly or Iite, no ope would ever eall upwon |

Libi v Hinsel Toim wmwilling to do what was wantoed

The total expenditure by the Forth Dridge
Company wpon constroption lms. been as followe
The figures are approsimite siounts as far as

called the supeestructure, the gmount of wages paid
inoluding saluriea of officinls in charge of the plors,
amointed up o Novaubar 30, 1880, Lo a total suin
of 544, 8100 5 the tota] nmount of stecl put g and
rivitted up Lo that date being 50,064 tims,  The
cost of labour for that wark fe therefore GL 175, thi.
per ton arected and rivettad up.

The total smount of wages and suliries aid an
the works up to Junnary L, 1900, was 1,045,000,

Tug Forrn Bripae Bamway Coxrany,

The wgreemonts botween the four conipmndies
which gunrantes the interest on capital, provide thint
tha directorste of the Forth Bridge Railway Com-
pany shiould consist of the elminmun sud vice-chair:
min oF vach of the four intorested companies, and
of two diveetors dluctsd by the general budy of shame-
lalders.  The chair of the Forth Brdge directorato
8 held in rotation by the four chairmon of the
suspntocing companios, the term of olliee being
twelve ot 'i‘lm rupreseniation af resdnt b ag
W t—

Mr. M, W. Thompaon, chiirman, and M. W,
Viwin Heygate, Midiomd Railway ﬂummnﬁ.‘

Lowd Colville, of Culeosd, and Lerd Hindlip,
{iront Northorn ih':lu.qr Casmypauty, :

Mr, Jolin Dont-Dont, depaty chinirman, sml Sir
Matthew White Itidley, Dart.,, Narth - Eastern
Railvway Compeny. ¥

* Thnﬂilm nl%'Tﬁum!ﬂﬂc and the Earl of Elgin
and Kmmrlllinn. North Britigh Railway Company,



G4 )

From tho visit of thoir Hoyal Hichinesss the
Privice and Princoss of Walos, August 23, 1884,
i ta the present day, landly s woeek has. pasial
without ing some pecrote of vamk or distine
titm.  Dom Pedro of Brizdl, the Kings of Ssaob
pnid of Delgium, and tha Bhah of -‘ihrﬁm, head this
I Liat, which inchwles, without exnegoration at nan
Ereoted rate one-tenth of all peepls distinguished by
and Balted | Rivetted, by scicntific ur y_m.iq.ll phtainionts.

TARLE No. XIL—Procrrss of tue Enrenioy oF Tone SurerstrUcTrRE OF TR Forre Brise,
1887 1o 1889,

e

1654 [ 1858,

Month, [

| Erentadl Ereczed |
wivd Polted | Hivetted.

aod Bolted | Rivetted.

i | | c ] uPy As in most ather mattors Indios were to the fore,

— | pluckily elimbing into every nook and corner wlhore

== | : nnything interesting might Le sson or leamed, up

1 [ 1,.“";5 '];"_‘_,“1“ Tl['l";'g ;I;';E’r | ;];-II?:Q; T;;,'}é tho huists and down the stairs snd ladders, oo

:Ficl‘,:‘um}* . e .er ) l;l_2 i 1055 2138 t1%a | ]l';" [n.,luﬁ“ur lonving 1‘-_hﬁ- wemnlars of the so-called

Blm.q ¥y 3 [ ::::u Hig l"i:; = S T Jd.i;b stromger sex far behind, 1t is necdicss to sy, that

e Juge pir) 1..:._“!_ 1552 1061 I inun  umlor such eircumstances the duties of those oallad

\i;:l; . aer e | 1153 ¥ l‘:'.'lﬁ ey 1538 101 upon :;; guide tho fair visitors werw of the wost

June . . L 108 T 4351 TH 147 | faup  (METARARR

July . - 1140) 73 1925 1541 508 1080 Tue Paeumnvary Teats,

Avgust . wa s s | 116 1043 1029 1742 449 B9 On January 2, 169), two tming enterod upo

Beptembor LT BT DIl ajind HOT i tha bndﬁa‘ side by side from the south omd, awd

October ... ce | 185 194 1638 iy 20 ] ootposed as fallows :—BEasch train had two locoo-

November 1a6i 1295 a73 14i2 oG 5ib tives of 72 tons ench st the lead, followed by &0

Decamber... ] 1112 1508 118 111 440 | wapgons weighing folly 13 tony 10 ewt, each, and

|\ || e ) | S - [ mmh:rngma at thorear of T3 TEHSI:I Tﬂ#ﬁ:’;ig]itgﬁi

. - - . = encl train, Y tons ; total wa i i,
5015 ROy 18,00 18,379 VBEs 14t tons ¢ total length of train 'I'Ehﬂl oloae-buffored,
= ' U8 fE. 0 in, ; Lhe sama, when open o lowso.

| buffered, 1040 ft
The trnin was moved slowly until the bwo opgines

TAHRLE No, XI11I—&Scumany oF Prooness 1v ERecriva SUPERSTEUCTURE oF THE Fonrm Hurpce.
' ' |in fromt were threo-quartars through the eentral

| Bivond ginder sonnecting 1 ia with Quoanaforyy, tlio

— and Bolted | Hivetted. | roar engine being abont the centre of the Quesys-

| bl | ferry Tower, Thisisconsidered the most unfavour-

e e — o able load for the Queana ~purth cantilover. In

| - Tein | that position tfis [uﬂu‘:}&nfuwﬁium wfr& mada :

i L rrtical eolumens of thec towar in Queens.

Up o the .la.luu?- 1, 186, thers had bean put tegether and rivetted ... 74 52 @l |?‘2:”va$' dm“wu e Pl T ::?1& The
During the year 1886 | P 3 i i R2H4 G287 (The end of the Quocusforry north eantilover
" | — asy  ree e li’-',!_li_l] .I.l!,t'ﬂ:l diflocted § n, the end of the Inchenrvia south

5 i 188 vas i dae "y ash T e | IBT6T 15,374 eantilevar deflocted 13 in., the end of the Queshs-

' R PR | BARS0  por couth cantilewar (at that time not fully laded

. e Ly nearly 200 tona) rose to the full amount of play

Total to Janusry 1, 1884 i Do il Ry | i), 57 BOL6ES  oxisking, memoly, ok of an inch.  The Uueonsforey
nouth eantilever { (taoll took an upward dafloction

. i = of nbout LY in.
iﬁﬁ:‘;‘:‘-ﬂ_ to du—301 toma to erect and bolt up, | The tmiél than movod forward wntil the two front

| engines of the trains. wars three-quiartors oy
Mr, Bpencer Bruuten amd Mr, James Hall| Bukeor were the following : Br. Allow Btewart ; Mr. | the porth couteal girder, the most unfavourabio
Hanton, alectad by the shareholdors, I T W. Meik, rosident enginoor from 1883 to 1886 ; | condition of louding for the Inchgurvie north cant-
The secretary of the company i Mr. . Bo| Mre. F. E. Cooper, vesidmt engiiseer from 1886 6o | lover.  Tithis position the vertical columns of tho
Wialasul, who s also secrobary of the North Britisli 18505 and & nomber of assistants, Incligarvie contral tower were demwn north bo the
Bailway Company. | Um the contmctor’s wiafl worv s Mr. Thomos | extent of 1} in.; while the Fife central tower was
The englieees b Ui eompary ara Sie Jobn ! Seott, manager s BMr. W, Westhofen, who was dmwn bin, to the south, Thﬂ"l.l'crhll.':l.l ﬂll\\"m'i'ﬂ-r_l‘l
Fowler, K.OML, CE, aud Mro Benjamin specially engaged on *he works at Inchgarvie ; My, defloction of the end of the Inchgurvie north canti-
Baker, K. |4 =, iggart, iy charge of drawing offices, shops lover wes 6 in, and the same for t.]m ol of the
The eomtractors for the laddge are ;—8ir Thomas | s yaeds : and a number of othors, Fife south cantilever wae 21 in., while the end of

_Tlmm mmninnd,ﬁm[:m:, i .I:.uu.u-g
44

B. Tancred, Barl, ; Mr. W, Areol; Mr, T. H,
Falkiner ; and Mr, Joseph TPhillips.

The contractors foy the south and north appreach
tailways are: M. W, Amol ; Mr. T. H. Falldnoer ;
and Mr. Josoph Phillljo.

Tz Visrrons

Their nowoe is simply legion, for from baginnio
tis pml thera has Leen an extraonlinary swount o

the Inchgarvie south cantilever toso by the cxtent
of 34 in,

T is not netessary In the face of further trisls
| by the Board of Trade, to say more thus that all
tl‘rum movements were well within the celeulated

Ui the stafl of Messm, Sir John Fowler and |intorest shown in this work by all classcs of seciety, | amounts,

THE ENGINEERS AND CONTRACTORS OF THE FORTH BRIDGE.

O work of deseribing the Furth Bridys would
be lnxu::Jl'L*tu without suitable natices of the engi-
neors sl contmotors wpon whow the responsibility
of s tunstroctiom rested.  As we huve seen,
"H'Iﬂtmh]l:.lmimh and Barlisw took po jart in this
work ; having fnally approved the design, thay
pave H&BB_II- %"uwlur \\Ildlﬁ:\‘inl the task of it oxeou-
tio,  I6is of these gentlemon, therefore, ss wall as
of Messrs, Tancrod, Arrol, Falkiner, and Phillijps,
el of M. Uolsean, whe comploted the prenmatic
foundation, we shall attempt to give such noticos an
will convey an ides of their reapective earcer during
the coursa of which they meqoired the experience
noeesary for onreyin uu:wt]l:h great work, Wa
hwe hoen lod to donl with the Dlogeaphy of Sic
John Fowlor ol jgreat length, beconss ];Iin hiatary
i the listory of the mest important period of the
profossion, mnd dates baek for mere than half &
cEnkury.

giw Joux Fowees, K.C.M, G ¥

ool modern vagineering: Tusaying this we danet
foeget the ilustvious o who procoded him, such
ia ‘Velford, Trevithiok, Watt, Busston, and Rennie,
But these sl Hourished before the manuficture of
iron, aid the tools for working it, hid me far pro.
grossod that it was readily availahle for ovory-day
use.  Many of thom excoutod splepdid works in
briek and stone, works which will wphold their
popnitations for conturies, and othors of thewm were
caprtid mechanded.  $ut it was dot than practlealils
to uso iron, and perticulacly wrooght iron, for hogo
structurml purposes, 1t is worth while to rocall &
few instances in exemplification of this fact wlich fs
often forgotton,  Tho Girst foor mill which lsd jron
wheeld wnd shafting was erectod by Honnio in 1788
Tha first jron bewlgg was dosigned by Proach-
Itilian onginecrs in IV05, amd was attompted to be

(coustiuctod at Lyoma, but the founders proved

malide Lo ensd it Tn ITVT & esst-irom b
LM fr, wpadn wins erocted b Coslbrogkdale, m

af
this

colelmabad Tom Delne for s differont site. A thisd
brrdge wins erected by Tolford over the Sovermn about
the samoe date, mnd he copstructud four other vist-
irom Liridyos bofuro the contury tenninntal, Roniie s
firsl fron Lriden was oponad in 1803 af Boston, It
s thus shown thit employmant of iron onn
burgre seals duving the cightoanth eentury wes |irac.
tienlly unkmown, In the early part of the nine
teonth  century, wnst-iron was ereliy; usod  Tor
bridgas, for canal agueduets, for looks, and for
dizaus of othor porposes, only to he supplanted in
[its born by wronght tron,  When this tietal soull
be ohtained cheaply and abuondantly, engmeoring
|Bedonce entered upon & pew phese ol it catatonee,
and tho workl commenced to progress ub o apoad
hithorto undrosnad of.

It wna undor conditions such as those that the
|gubjoct of our akateh enmtercd his  profossional
enrear,” He wae bornin 1817 at Wadsley Hall, Shat-
fiold, the vesidence of hix father, Mr. Joho Fowlir,

The patiod sver which Sir John Powler's caroor | wan followsd in 1790 by oale over the Wear. This | and wlhin his geonesal education was complitel, the
extonds practically coincides with that of the profes- | atter had boen constructid to the directions of the [ boy, ot the aze of seventeen, beetsme s puipil of Mr,
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J. T, Lenther, the well-known lyndewulie engineer,
Here lie lud noaple facilitien  for u'han.inunE-t #
thorsugh training in several branches of his ealling,
and in ull cises his experionce wae gainod in works
of very copsiderable magnitude,  Yorkshive enjoye
tho advaptnge of posrossing & grost wmmber of
diverie indostries, and it was vory enrly in the ficll
i o manufacturing district.  From its eoal, fromn,
steel, and woollon trades, In additlon to it furmiog
wnil shipping pursuits, groat weslth was mpidly
aocumtlited aftor the olose of the bad times follow-
g the Napoleonic wars.  The enbine world was
thon the customer of Englund, and the shrewd
people of the Ridi muraged Lo séoure o lage
shirg of the trade. o county thos was able to
find cmployment for many engineers, amd among
them My, Lesther took a leading position. He
cxocuted many worka for the supply of water
notably those of Shefficld. The Blockton a
Diarlington Iine was opencd when Mr. Fowler
was only cight yenes of age, and the Livarpool anid
Miunchester Railwoy when he was but thirteen,
e bl pot completed his pupilage before the rush,
which eventuated in the m{]wajfmunirl enmmenond.
When Mr. Fowler Ioft Mr. Leather be want
sbeadyght info the milway world, finding in the office
of Mr, J, U, Rastrick n very wide feld. He be-
enme his ohief nnsistant propamation of the
drawings il sonbeacts for several railways ; among
these was the ling from London to Brighton,  To
this latber Mr. Fowler gave grenl attemtion, and
thero is searcily a beidge or vinduct which wis not
porsonallyworked out by him.  Aftor two yenrs speni
i Linlum, he returnad to Mre, Leather, and becnng
rorponisihlo resident engineer of the Stockton mul
Hartlepuol Railwny.  After it was eumpleted he
remmnined two years as engineer, ponoral manager,
aod Jecemnotive superintendent of that and the
Ulirence Hailway., It in no wonder that these en-
gineers of the 0ld schoul ean born From one subject
to another with so much versatility whon we gon-
aliler what an education they had, Instead of
hiving paofossors to 811 them with ready digestod
lnnwlreégc, like the young men of tho present day,
they were moved from ane ithon of tedpana-
hility to another; nnd their in ota wers hardened
mnl imvigorateod L}' constant work. Every stop the
took was &n experimont on a working ncﬂ.lle, nn5
every fact they leamed wis fmpeinted on their
memories by the toil and trouble it had coat,
On=the termination of this ongagement, Mr,
Fowler visitid, st the invitation of Bir Johin Moo
oeil, several railways In the neighbourhood of
Glangrw, and gave ovidenoo Yefore Parliamentary
oufiiinittees regarding them,  He eommenced an
indopenidont carser at the sge of twentysix, and as
wi hava alrondy seen, he started with a brosd snd

solid foundition of experence, suitable for the |

towering reputation which was to be built upon it,
Beveral important ssilways were then heing pro-
moted from Shefield, mﬂ“u the Shefheld and Lin-
colnshire, the Great Grimsby, the New Hollad,
the Fast Lincolnshire, and othors, and of these Mr.
Fowler became the ohicf engineer, conduoting thom
thoough Parlisment and carrying them oot. Tt was
in the year 1843 that this work was commeneedl,
and beforo it was eompileted tie milway wanin
attained its full proportions. The history of that
mivemnent has often been written § how fortunis
were mado and roinoed in & day; how man lost their
roason in A mument both from  goml and  evil
tidings, and how the capital subscribed during
those years, oftem for the wildest g,
almost vivalled the days of the South Sea Bubble,
Wa have no intention of redewing the picture,
but the following incident will show ot what high
TEsRUDe Engineers ware expected to work in dhose
8. Chmiw pight whon Mr, Fowler was asleep in
his father's hoose, & inge aml four drove up to
the door, sod the hum whs aroused Ty r:.'md
knnoking.  On descending Mr. Fowler founj that
poprominent promoter of ratlways had ealled with
the purposs of inducing him to undertake the engi-
noering of 4 new piilway from Leads bo Clusgow,
and that as an earnest he had bronght an onder for
20,0000, ns n preliminary payment on pooount of
the survey sxpenses. M then only wanteil & very
few weeks (quite inndequate for the porpaose)
befipe the day of depositing the plans. Mr. Fowlor
limal the prodonce to decline the offer, and the car.
ringe of the disappointed promoter wont thundering
awiy, the cooupant little dreaming how many yours
would olapre befors his plan woold bo onrried out,
It was only men of iren eonstitution that cameun-
senthed through those times, and many an enginecr
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who would have risen 2 sminenoe, bad be been
able to hosband hie strength, theew away his life in
furthering the schomes of the promoters. When
the autinnn approached, snd the fatal thirticth of
Novembor hove in sight, surveys and drawings had
to be made at the groutest possible speed.  The
lLiours of the night were sannexed —sometimen all of
thiem—ta supplement, those of the day, while meals
had to be taken when they could, or not at all,
The deposit of the plans broughi rest to the mok
and file, but the clief responsible engineer had
then Lo enter upon the still more trymg work
|nf proparing for, and sttending, Paclinmontary
committees,  Often he had Lo appear hefore
{three or wore cammit i

tecs in ono day, pitting
| his wita ugninet those of hall & dozen counsel,
backed by eminent opposing engineers.  The
ongineer could nob imitate the members of the har
and choose in what cases he would appear and
which he would neglect, taking his fecs for all
Tudeed, it in said that Charles Austing the leader of
the har in the committees of the Honse of Commons,
had onies buaung‘ngad to J:i:llhl.l! before twenty-two
committess in one day, and as 1t was impossiihle for
him to sttend to them all, heshowed his impar-
thality I¥ reading his newspapor and attending to
none. The progress of committes work was watched
with keeneat interest by men who did not know
an embankment from A eutking, bt who ook d-
vantage of every tum of the fight to manipulate the
share market. They listened to the evidence of
| the engincer snid suld and bought accomdingly, T
| he trip in his ady of @ measure, or was
 foiled in his attack on 8 hoatile aohemie, they hureied
to anticipate the effect on the money market. Mr
Fowler onee mel an segunintance rushing along the
corridor of the House in the wildeat excitement,
wnd when he stopped. him to learn the esuse, the
man exclaimed, ** Don't detain me! Robert
Stephienson has broken down in his attack, and 1
am off to buy » thousand Grest Northerns.” Bvery-
gambiled in al and Uil all gamblers their
clirtos was determined by the merest triflea K a
lino were fortunate, promoters would endeavour to
mTThuth of its name ad they could for
or lined, in tho hope that their particular venture
would gain by the sesociation. As an instance Mr.
Fowler's (ireat Grimsby Hailway was at a premiom,
(il eonsequently the name of Grest Grimshy was
bronght in quite irrespective of eaphical frots
This waa done to such an extent that the then chanir-
man of committes (Lord Devon)exelaimed ** What !
Cireat Grimsby again | Go it, Great Grimaby !

Mr, Fowler had now attained a position which
necasitatod lis permanent residence in tlie motro-
polis, wnd work of all kinds Rowed in to him, It
is quite heyond the limits of our space to notice,
much luss to deseribe, one-half of Ehe  matbers
aboot which he was consulted or the waorks he
enrrjed out.  Amongst them we miay mention the
following :  The Oxford, Woreester, and the Wal-
verhampton Railwaye; the Bevern Valluy Railway ;
the London, Tilbury, and Bouthend Railway (in
confunetion with Mr. Bidder); the Liverpoal Central
Station, the Northorm and Westorn Railwsy of Fre-
land, the railways of New Sonth Wales mﬁ Endia,
the Sheflicld and G Wator  Works, the
Metropolitin Inner Circle Railway, the St, John's
Waood Railway, the Hammersmith Bailway, the
Highgnte lnTiiidlnnd Tailway, the Victoria Bridge
and Pimlico Railway, the Qlaspow Union and Cit
Railway, and 5t. Enoch's Station, the Millw
Dok, the Channel Ferry, mud many others,

Mr, Fowler's reputition with the gmeral ublic
af thin gemertion rosts to s great degree on his con-
struetion of the Meteopolitan Railways, ‘These wors
st far out of the common that every Losrlonesr, nnd
 great many poople ont of Londom, tonk the greatest
interest in thom. The most extravagant anticipations
wire indulged in aw to the relief they wonld afford
to tho streets if they were ever completed.  But
thi diffficultics were so snommous that many, i
nob moat, people imagined that they conld not
be overcuma, The directors were  comstantly
bemg told that they had embarked their own
money and that of the sharehulders in an impos.
#ible nfntcr%rise. Engineeras of sminenco assurcd
them that they could never make the ruilwny, that
if they mads it they could not work it, and if they
warked it nobody would travel by it. Bueh a
catalogue of fmpossibilitie: was omough to appal
iy man, and often faith in the enzerprise foll o a
low c¢hl. AL such times they wn:a say to M
Fowler, “ Wo dopend upon you, and as long g
you tell us you lnve ence we shall po on"

It was an awiul load to put oo the ahonlders of &
man who had slready sufficiont to attend to in
m}lﬁng‘aﬂm physlenl difficulties of the affair.
The troublos with vestries and their engincers and
offiials, with owners of v amd their agents,
wirto for many years dunng the constrietion of the
first section of the: Metropolitan Railway tedious
atvl wearying to the last E(-r:p;mn. All these wora
finally overcome, and the line was oponed.  So far
Erom there being & diffioulty in inducing peals ta
travel by it, the traflic astonished the most expe.

viemeed mailway experts.  The eral public did
it take the 'ljr.luw Tnughing I‘EI:I:EI? by Lol
Palmerston when nsked by Mr, Fowler to perform

the opening ceremony, **Lintend to koep abows
ground as long as ] e, OF conrrse they prumbiled
at the ventilatiom, or eathor the want of it, and ro
proached the engineers for not improving it.  Origi-
nally, whin & junction with other milways wne not
intemdod, o spoecial hot-water engine without & live
fire, snd thercfore not ing the products of com.
bustion into the air of the tunnel, was proposed.
Experiments wore made with anoengiie a0 gone
atructed, but before it waas eotod it was decidoed
o make a junotion with the Great Weastern Hail-
way, aml, theralore, lueomobives of ordinary oon-
at rsction Lad to be admittod on tho wystom.

1t waa in 1853 that the firet Act was olitained for
n line 2] miles in Jongth from Edgware-road to
Buttle Bridge, King's Urosa,  Plans for extensions
westward to Paddington, and eastward Lo the City,
were ab once preporod, and the fnencial suppeort of
the Great Weostern Hailway was secured.  Afier n
aevere fight, the Act for the extendsd ratlway was
obtained, the plans providing for tunmels and
statioma large enough to secomimodate the Lroasl
ganga Great Westarn teaing, as well ps tho narvow
qﬁlugz local trains whicl it was desipned to run.
There wan, bowever, & difficulty in rising the
capital, and it was not till the spring of 1861 that
the contrect was mads, and the works commencod.
In 1861 powers wers obtained for extending tho
Metropolitan  Railway to Moorgate-street | and
in 1864, for eonstructing the castern and westor
extensions ti Tower Hill and Brompton vespec.
tively. In 1883 a Lords’ Committes decided that
it would he desirable te complete an inner civeuit
of railway that shoold abut apon, if it did not
actually joln, nearly all the pringipal termini in
the metropolis, commeneing with the extonsion in
nn ensterly nand southerly dicection of thie Mutro-
palitan Railway, from Finshnry Cireus st the one
ondd, and in a westorly and southerly direction from
Paddington at the other, and connesting the ex-
tremitied of those lines by a line on the north side
of the Thames. The iner cirele waa the diroot
outeome of this recommendation.

The enmstruction of tle so-called Underground
Railway war the means of solving :agred. ANy
problems whieli st the time presented mueh difs-
culty. Ig:lmtiom which are pow fully onderstood,
pnd which would be undertaken by contractors as
pmera matter of courss, then wate of vory grave
importance, and had not only to be exhuistively
diccunsed, but to ho sttacked with the greateat
eaution. Tt was not thon known whet precnutions
were necessary to insure the saf of valusbile
buildings near to the oxeavations; how to timber
cuttings securcly and Lkeep them elear of wnter
without drawing the sand from ander the founda-
tions of adjoining houses ; how to undermine wally,
and, if necessary, to the raflway undor huuses
and within a few inchea of the kitehon Aoors with-
aut pulling auything down | how to drive tunmols;
to diverl sewern over and under the milwsy, 20
Loep up the nwimerous gas and water maine, and to
maintain the rowd trl.% whon tho milway was
being enrried on underneath ; and finally, how tq
eomstruct the covered woy so that buoildings of an
height and weight might ho ercotod over the rail-
way without risk of smbsequent Injuriv oo sattls-
ment o vibiretion,  All these painta M, Donlamin
Baker declared, ina paper rend some five yoars ago
before the Fustitution of Civil Exgimosrs, reeeived
much anxions discussion and eriticiam hoforo they
were declded upon, Such quustions s Elie ndsivs:
sihle atreus on brick archos loaded on one haunch
only, tho oxtent to which expansion and contrae-
tiom of iron girders would affeot buildings carried by
thom, the sbility of wnde grouml to resist the
lateral thrust of arches, and a multitedo of similar
problams, hsd to be dealt with tentatively at firnt,
and with inevessed boldtess as experlonco was
grinod. As an instanes of tho eonlidenico whiok
| experionce giver wo may eite the following : doulite




ontertained by the engimeers aa to the behavioor of
acompoond brick snd iron steacture Jed to 4 timber
front in—:ing put to the Edoware-rond Station, where
it reneed one & 49-[L wpan girder ; yetin 1863, when
the extensiom to Moorgate was exeouted, no hesita-
tion was falt in trusting an elaburate brick and
ielilar face wall, weighing 1300 tons, to s sontinuous
girder 135 ft. in length,

It wauld be todious and nnprofitable to attempt
to give o detailed account of the construction of
the Inner Clircle line, since the lessons taught by it
have long ago been insorporated into the routine of
anginoering practice. It will ever remain a monn-
ment to the skill of the engineers concerned in its
conutetotion,  OF thess Mr, Fowler is responsihle
for the greater part, as chown by the annexad
Table, which gives the lengths and percentages dus
to esch,

Inner Cirele Bailzeay,

Length

Hxaouted. Per-
milss ch, centuges,
Mr, John Fowler, engineer 1 20 8
Mr. Bdward Wilson, , o o7 9
Mr. Francis Brady, 0 28 2
Mr. Joae 'I"l.u'u.l||\|-.'r11;I Tz, 0 b 3
Mesars, Hawhkshaw und Harry [ 5
i 8 T

The main lines of the Metropalitan and Metro-
F:»Iitm District Bailways being complate, Mr

owler enrriod out the lines in conuection with them,
including the Bt. John's Wood Railway, the
Hummersmith line, the West Brompton line, and
athers, His original plan, brought before the
Parlinmentary Cammittes, ineluded an outer cirele
s well as an inner circle.  Unfortunstely, the
Committes was induced to reject the omter cleele
vn the faith of certain promises made by another

ling, These promises have not been practically
fuliillod, and the immense advantage of being able
to eomduct all through passenger, goods aml

mineral traffic by a perfect and eomprehensive
echeme around London was loat for aver,

Although somawhat ont of chronological order, we |

may here refer to another underground railway,
of which Mr, J. H. Grosthead iz the epgiveer,
'This rallway—the City and Boothwairk Suobwsy—
in mot opened at the time of writing, but it in
rupidly approsching completion, and great hopes
are entertained that it will be the pioneer of a new
svatent of rollways which will prove as great a
eomyenience an thoss already in existence in the
metropalis, The ventilation difficnlty is avoided
mlt.imf;' b?' the device of vsing olsciric power for
thie propulsion of trains, while the exponsive work
off diverting sewors and pipes, undorploning build-
ings, disappropriating tenants, and baying property,
ie evid y keeping the tunnels ab w very low
level.  As the line follows, for the most part, the
stroets, ilere {a littls to pay for land, and the
chief sxpenss is that of construction. A Bill pow
hefore Parlinment contemplates the crestion of a
second railway of this kind from Bayawater to
Ring William-street, E.O., Sir Jolin Fowlar, Mr.
B. Haker, and Mr, J. H. Greathead being the
enginoers, T it iz made it will prove the greatest
advantage to Lemiloners.

Mr, Fowler was elected Prosident of the Inati-
tution of Civil Engineers for the year 1884, and
took the chair for the frat time in that capacity on
danunry 9, His presidential addrass was deyoted
to the subject of the education of an engineer, and
was &0 {mportant and valuable that it has been
reprinted and distributed extensively, notably by
the Government of Indis to the engineers in its
employmant, He began by calling attention to
the fact that the exclusive position hitherto held
by the Engliah engineors was not likely to eontinus,
since both in France and Germany great efforts
were being made to edueate young man both theo-
retieally and practically for I.gia. profession. Hence,
although this was greatly to the advantage of engi-
neering science, it hohoved the Institution to see
that the distinguished and leading position which
hiad bean so wall maintained by thoir great prede-
corsom, should not be loworsd by those who came
after them. After & short enumeration of the
nature of the works and duties which fell to the
It of & civil engineer, he procceded to anfores the
m@ﬁ{l of & full comprehension of the nature
and qualites of materials, and the adnpbs-
tion of the design to the materinls 1n which it was
to be carriod out. He asserted his conviction thst
it was most important that the early preparation
and subsequent stody of sn engineer should
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ba na oxtensive as possible, and should em.
brace overy branch of professional 1|:vra«:1.i1:uan. The
sound knowledge and experience thus sequired
would Add greatly to lis cfficlency and “value
in_ any apecial beanch., For the rilway ongi-
ooy there waa required o thorough knowledge

of survoying mnd earthworks, the capacity to
demizn bridges, earthworks, and tunnels,  and
8 kmowledge nf L .

he offcet of flnods nnddnb.mﬁ
To this should be sdded some know of archi-
teeture, and & taste ‘for appropriate decoration.
The dock and harbour engineer roquired, ho gaid,
muoh of the genersl knowledge of the milway
engineer, with a vast amoont of special know-
ledge. This included the lawe which govern the
tide, the set and speed of currents, their scour
and silting ; also queations rolating to the trade to
be accommodated, and the methods of dealing with
the geods, He would also be required to be eog-
nisant of such matters as harbours of refuge; piers,
landing atages, lighthouses, forts, and hydesulic
applisnees. The water works engineer, in addition
to his genemal qualifications, had to be fsmiline with
the moans of collecting information aboat rainfall,
the mothod of gauging streams, the exeavation of
regervoirs, conduits, weirs, tunnels, and aqueduets.
He must also he competert to soperintend and
desiym sewerage works,  The mechanical engineer,
the speaker continued, dealt with the most varied
anil numerces subjects of all the branches of engi-
nesring. He must understand the laws of motion,
of heat, of liquids, and gases ; he must be familiar
with the strength of materials and the friction of
surfaces, On pallways he was responsible for the
machine tools, engines, and locomotives. For
docks he hiad to design the machinery for working
the gates, the aloices, nnd the cranes; For water
worls he produced the pumping engines, sluices,
|valves, stopecocks, &o. And so on t.'hmugh the
entire series of works in which mechanism 13 em.
ployoed.  The mlniﬁ engineer needed, in addition
ta o knowledge of railway and mechanien ongineor.
|ing, the informatinn requisite for sinking shafts,
draiming workings, excavating and raising minerals,
A pmp.ring tham for market,
My, Fowler then turned to the l:lrrq Aration
required by & civil enginesr o enable him to
porform him work efficiently,  This he classed
under four hoads : (1) Genoeal instruetion, or a
liberal edocation ; (2) specin] education s o pre-
tion for techmical knowledge ; (1) technical

| mwledﬁ; (4) preparation for conducting prac-
tical works. He supposed a boy to start at fonr-
teen years of age with a strong constitution, eon-
siderable on snd perseverance, and a fair
eduention, r with & machanical bins. The
wriod from fourteen  to cighteen should be
!J.evnteﬂ.. hie said, #0 & special education, including
mathematics, natural philesophy, surveying, draw-

ing, chemistry, mi . ¥, atrength of
materials, mechanieal motions, and the prindiples
aof hydmigliea, To these must be oonaidernble

in French and Gorman, even at the eaori-

& ol classical studien and pure mothemation, Al
the nge of eighteen, asmuming the boy to have fair
sbilities and more than av peraevarance, thras
cotrses wore opoer. He might be placod with &
civil engineer for four or five years' Eupﬂnga. or in
n mechniioal workshop, or he might be sent to vne
of the universitica, @ choiee would depend on
the taste of the boy, the means of his nka, snd
other circumstances, 1f he followad erther of the
firat two cotrses it would be nesossary for him to son-
tinue his studies in mathematics, science, and foreign

langu at the same time. 1f the latter course
were adopted, the drodgery of leaming te survay,
ta draw, and the like, must be passsd ugh first,

With a dlever hard-working the moat adewm-
tageous eourse might be bo send him, from seventaon
ta eighteen, into watkshop, then for thres
yearn for a university course, and finally inta an
engineer's office for his pup Thia, of courss,
would raqnire & bey of specinl sbility and determi-
nation o render it o successiul eourse, nffice
chosen for the pupilage toba[:{:madi.n ought to be
T 5

wall ol and not foo the engineer
ahould n'mmmﬁﬁ young and rising man,
and ba sccustoimed to take py; who ahould be

few in number, and benr some proportion tn the
nnmber and extent of the works in vsual course of
construstion nndoer the engineer’s direction. Here
tha pupil coased to be & boy, and his future sucoess
or failurs could no longer be directod by uthors,
but de upon his own abilitios and industry.

| "Mr. Fowlar slao laid strem on Ehe fast that e

whale duties of thoe engineer were ot compri
in the mare acoomplishing of the objects entertunnd
H lis employers. Tt was his duty, be held, to
vian thase who consulted him whether the unider-
takmg wns one that would repay the expenditure
which must bo made upon it.  The engincer wia
not meroly a man of technical skill engaged to
bridge the difficulties of capitalists;, 0s & survant
earries out the crders of his master ; on the -
tr:-?. he was & momber of an honourable and noble
profession which could not lend fiself to entor-
ise which did not give falr promise of bein

neficial to the world, and to the sdvancement o
civilisation.

In 1870 Mr. Fowler took part in & commission
semt to Norway to exnmine the railways there.
As ia well known Norway hasbuilt & great longth of
railway which was coustructed at a very small cosb
and s worled very cheaply, Now, at the date men-
tioned the Indian ornment Wore undecidod
whether to adhers to the broad paugas of b £t 6 in.,
which had been adopted for the trunk lines, o to
introduce & narrowar gaupe for the liss im b
milwayn. A commission composed of Goneral
Strachey, Oolonel Dickems, Mr, Tendel (pow
Sir A, Mesdows Rendal), and Me. Fowler, was,
thersfore, sent to Norway, for the purposs of
sequiring information a8 b0 what gauge should ba
adopted m Indis, assuming that it woaa decided that
a narrow gauge should in certain cases he Iaid
down, hﬂﬁrmmhm;?;anu 'Wl'll-:- received :‘l;d DL

HER . thil, the experienced enginoer
Efm'l.hu h?avmu.nunt., who hind carried ont f?i tha
railways in Norway, [hey travellol over the
Dovre Fjld by carriole, passing over the ground
on which a railway las mince besn constructed,
anfd were thus able o see the nwture of the
works which would have to be earried oot.  The
Noarwegian lines ara 3 &, 0 0. pauge, and the ils
and engines are both very light, specd. boing
usually quite slow. Mr. Fowler considired this
gauge narrow enough, and the engines too light for

aconomy,  His eolle , howovar, too's i difficrent
view, and recommen: 2ft. 0in. ma the proper
gnnge for Tudia,

Two  reports, thorefure, were made, one
Mr, Fowlar recommending 3 ft. 8 b gauge, lni
one by the ather members of the commission, Tecom-
mouding 2 ft. D in.  The fina] decision of Govern-
ment was botween the two, but much nearer Mr
Fowler's opinion, viz.—a metre, or 3 ft. 31 in.

1t was nmilerstood that the question referred to
the Commissioners was not whether narrow.gauge
railways should be adopted in India or not, but,
supposing & narrow gange to be adopted, whnm
should :'tgho. Mr. Fowler, from hislong o
of the ovil on the Graat Western Railway, vary
strong vhjsctions o breaks of gauge except when
unGvoidable, He would never it an exceptiounl
gauge in a link, or & possible link lino, nor for
shart  branches where exceptional plant  would
neutralise all saving, He considersd that an ex-
ceptinnal geuge should be confined to a district of
ounntry wﬂm breale of gange i4 unimportant by
reason of non-interchange of traffie, and aven then
he preferred to adopt a Nght railway on the standard
gange, except under ve iar eiroumstances,
which muat bo very vare indeed, when the narcow

auge woukl have aome sgu:u.l alvin
i IE:t- winter (1888-80) 8ir John Fowler had the

[y unity of wverifying by actusl inspection on
Lgap:ugnt, Ifl!a .niiﬂﬂ ?Ild formed as to the rail-
way policy of India, and 1t is well known that he
hae oxpressed himself as havieg had his former
sonelusions atrangly confirmed by his Indian visit.

Bir John wvisitod Darjesling to sea the work-
ing of the 2ft. @in. gauge mountain railway,
sscending 8000 ft. by grodients of 1 in 27, Thia
curiops little railway hes been lnid om the fine
road made to Darjealing, and, being saved all ox-
penses except that of permancut way, it & not
surprising that a good dividend i earnced, notwith.
standing the fact that the engines can only draw
less than twive thelr own weight up the incline. In
thies ease the gnuge and overything clee are wnited
to the traffic, but unlew the same ciroumsiances
ware found the system eould not be applied also-
whare with advant

Sir John was naturally much oonsul bath
professionally  wnd otherwise, in India tha
nuthorities on the subjost of railways, docks, and
water works, and Hm mmisind. averjwhl:{-alwt

t distinction.  His genoral impressions of Tndi

:E;? its resourcen wors of the most favoursble

character,



One of the mumt iuteresting chaptors in Mr,
, Fowlor's carear is that ﬂmmi:uﬁ with Egypt. Ha
went thers, in tho Hest instaiics, in search of
henlth s wnd the cotnmection thus  accidentally
Forined lasted as Jong ae Tsmail Pachin remained in
‘iwer,  As s W hnown, that  enterprisiig
gn‘urﬂ' v threw limself Leart and soul [nto the
waterdal improvement of the eountry, He had
wilimited credit in the money markots of wesborn
Europe, sml he simed ut restoring Egypt to ta
angient position o one of the chief producing
cutmtriea of the world.  Ha brought about a wide
oxtension of the jreigtin 1:iri!um of the Delta, iy
urder that cropa might ?nl ow esch other inde-
penicdently of th senscis of the years he introduced
sugar plattations and factories in Uplm' Egypton a
st extengive sesle; he built soveral railwaya, and
projected one southwards to Khartoum, which, if
completed, wonld have been the key to Central
Africa.  He an upun overy schems with the
wrontest ardour, and no soonor wars the plans coin-
pited than he urged the giving out of the contracts
nnd the commencement of tlwe work:  To Mr, Fowler
the Khedive found the very man he wantod —onn
whose ability was only egualled by his rectitude,
Natismnl prospertty, bunever, Is not to be Tounded
by ruilways, docks and esnala alone. Tts basis lies
in gonkl goverment and the just sdministrstion of
whse lawn ;3 but it is not oor bumivess to go inte the
puditics, of Egypt further than to explain the
conlition of aflits when Mr. Fowler came in
cuntnet with them
He landed in Egypt at the close of 1868, At this
timo the Soez Canal was within & veor of its com-
|1Inti|.d|., and it wna natural that My, Fowler sliould
ey bo see it, even befors: fulfilling the aviwed
ohject of his visit of expliring the sntiquities f
the country, The téip was made wnder very favour-
able clreumstances, the party including M. de
Lessepa, M. Voisin, the Duke of Sutherland, Sir
Ttichiard Owen, General Marshsll, the Marqubs of
Staiford, Mr. W. H. Russell, and othera.  The works
from Lamailia to Port Said, nnd the hnrboor works
at Port Sabd, were woll sdvenced, but betwoon
DIounilia puil Suex nearly ome-thivd, or twenty-
five million cubie yards of exenvation, remained
Lo Lo oxevutell.  The surviy occupied throe days,
vl faeladed the wlhole length of the onal,
everything lsmui‘a:jdaiual Ly M. de Lesaepa with
the gruatost kitliess, and the varous points boing
dizenssed withoot roserve, At the request of the
eilitor of the Times Mr, Fowler addressed s long
Jetter tn that journu] giving a Eull saccount of the
state of the works wnd oitielsing the
tho company.  Thislotter appeared on February 18,
1860, and was made
which pronounced it to be u file and final summary
of the subject by an English engincar uf the highest
nninenes and ropute.

rop
In the spring of 1809 the Prince und Privcess Proph

if Whales visited F.g;?t. When about te maks
tha [’mr::s u;frt.ha Nile: the Prince invited Mr.
Fuowler ofesasr Owan lo join the party,
which was emwhbarked on five steamers and daha
Denlis.  Nothing could be pleasasitir than to make
the excursion wnder such conditions, as every ar-
rgennnt was made for the Royal party to see the
objects of tuterost tn the vountry, both anclent and
molern.  Of courss Mr, Fowler lind to pay tho
wsunl ponnlty of fame, nnd to be prepared to miggest
tho probalta methods employed by the Egyptisoa
in rafaing lovge stones for the pyeamils and templos,
sl in cutting sod polishing the greenstone and
diorite statues. At Thebes  lis ELTInNG o
mmrces wore severely tried by the 1rince’s crose
exnputiition  ss o the manner
culossal statue of Rameses TL, weighing 888 tans,
wad brought from the quarty near Assounn bo ity
iresent
licbps. The exeursion proved to bo most enjoyably,

Bofore Mr. Fowler returnod home fl&
severnl intervicws with the Khedive, explaining to
litin lids vlews eotesrning the Svee Canal, the im.
gation schemes, sl wany other matters in which
Tanad]l Pacha was intevosted, The cuteome of this
was tlint he accopted the position of eonsulting
enginenr to the Khedive and the Exvptinn Govern-
miout, & poat which he hobl for dight years—thnt
in, until the abdication of thut roler,  The office
involvod yearly journeys to Egrypt, the fimst being
i the latter pact of 1871, and vequived Mr. Fowlor
tie ]m‘rmmnlu?' imvestigate all the great wndertaliing
tloen b Bt Thi most important matter prosontod
tor him for solution: was the projected Souday Radl-
way. It i3 needless to say li]-lll. although oom-

wipoets uf

in which the

lnmuiliuu st Memponium on the plain of
had | hank
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menced, and [50 miles eonstructed, it wus tever
carriod out, of recont inn_ history would have
been greatly changed, while thousands of Britiah
soldiers nud millions of money would have been

saved,
Br. Fowler, before dec
wasible routes by the Nile 'V and by Souakim-
bor, had long interviews with (Gensral Gordon,
and alio with the governors and othor  persons
usinted with the country to be t.mvarmf.
Nile Valley wna ultimately chosen, and the declsion
ratilied by the Khedive snd his ministers,
surveys were commenced at once, and when oom-
ploted the Khedive, with churacteriaticpromptitude,
msteacted Mr. Fowler to olitain 8 contract for the
work, ‘Thia was accordingly done, and on Februsey
11, 1876, the works were cammenced it Wady Halfa
with great ceretnony in the presence of Mr. Fowier,
the governor of the provines, the Cadi, sud othor
notables, bullocks being almightored ss part of the
religious obsurvances,  The abandonment of the
milway, ond all the disasters which followed it
were koonly Felt by Mr. Fowler, who fully bolieved
that had  Khartown been thus cotmected with
Cairo the turbulent wative tribea could have heen
overawed, and a grent ecomamy. would
effscted in the long run. Unfortunately it is not
given o man to read the future, and when mattes
wont wiong in Egypt the expense of tho railway
seemed too great for the rescurces of the country
Although this rallway was not completed, and
lias passod for the moment out of public putice,
et it iz o matter of certainty that sooner or
ter it will be comstructod. 6 eyes of nearly
all Eurcpesn natioms aro concentrated on Africs,
and many are striving te scoure a frmer foot-
hiold on the continent with a view to guining o
share of the future trads which is anticipated. Tt

between the two

is certain that when Fgypl attalus the position
 cataraet in the horbour of Shellsl,  The boats to bo
ll:ram[emni were to be foated upaat b ceiilla gon-

which i sure to follow upon a few yesrs of pood
government, there will be a vevival of the old ambi-
tiems, and she will turn her attention southward,
with that eraving for extended sovorcignty which
is the charagteristic of all healthy eommmunities. Tt
will, therefore, be interssting to give a fow facte

ing the route, length, and cost of the line
which must be made if the flood of Arab invasion is
to he anontlydammed. SicJohn Fowler always
lield the spinion that onr difficulties in the Soudan
eame from the undecided attitude we took up.  The
native tribes could not be neutral ; they were
ubliged to side wsither with the English
Mahdi. DBut the former declared that they had
nok come bo stay ; they came Lo reseue Gordan,
and when that was dans they would retire, and

thi text of a lomdling srticle | leave the entivs populstion **to stew in their own
| Juice.” Thia

romised to be so highly flavoured
with Mahomednn vengoanee that the tribes wers
obliged to cast in their Jot with the successor of the
ot, and fight against the invaders, In the
of Tsmail Pachia the Boudan wea ruled by the
which exiated st Cairo,
that the same eanditions

dayn
shadow of the anthor
and Sir John Fowler

- | would recur if the milway were completed.

The southern terminus of the line was to be st
Metarmmeh, an the left bank of the Nile, imme:

diately opposite Shendy, L6 deg. 14 min. N. lati-
| bude, and 52 s

tude, deg. 25 mm. E. longitude. Bhendy
in oquidistant between Berber and FKhartoum, snd
about 50} miles from cach. Tt is moreover the con-
va?'ing locality for the camel routes from Khartoum
snd the White Nile district, from Hamdal, Sounakim,
and the Red 8o, and from Aboo Kharees aod the
Blue Nile. There is good navigation between
Berbar and Khartonm for ton: montha in the year,
and the pbatroctions which exist in the low-water
channel would not be dificult to. remove or lessen,
The northern or und of the line was fized
at Wady Halfs, at the second catoract. Com-
menting at the foot of the eataraet on the right
of the river, the line followed the generl
cuniree of the strerm as far as Kohé, this side boing
choaem o avoid the drift sand from the Nubian
denort, At Kohd the line croespd the Nila, and
then followed the right bank as far as Dabbe. Here
the Nile makes & long deteur, aud consaquently the
projected line struck acrocs the Bahluda desert to
It LOTIEh.
The following nre the lengths :

M ikea.
Wady Halfa o Kohd 10
Kohe to Ambakel ... .. 246
Ambukul to Shandy ... s s 176
oo

The lino was one of easy constroction, with no
works of msgnitods ex the Nile cre When
mimbia kept tu the villages and cultivated

n the banks, but sowetimes it took an in-

ind ponrsa smangst the mountuins to avoid cxpen.
aive works, and sometimes it traversed desarts to
cut off bemda of the river, The gauge was fxed at
3£t 0in., the sune js the Norwegian milways, but
with a heavier rail of S0 to the yard ; the maxi-

Tt | mium grwdiont was 1 in 50, aud the minboom mdios

of eurvature 500 f£.  Tho cost, including stations,

The | sidings, quays or Isnding places, ralling stock, work-

ahops, and all ox ] pired to complote the
linap:-enﬂy for tnﬁuﬁimhﬂ at ionrlr‘:d.lllum
aterling, or 72400 o mile. Of this amount five-
eighths would have bean spent abroad and three-
eighths in Egypt.

t will be noticod that the rallway was to start st
the second estavast, sumo 530 miles, as the erow
fligs, from Cairo, The Nile forma n naturml road-
way between the two for the entive distunes, cxcept
for some three miles st Assounn, where the first
cataract oocurs.  To onable steamers snd dahabealn
to pass from the lower to the upper lovel of this

liwe l.m-nu:
, Lord) Armstrong and

cataract, Mr. Fowler cotwcived the ides of a ship
inclime, and in company with Sir Willinm (ow
r. Remdel he wont to
the site, The no surveys, exnbiinations,
and estimates wore o, wnd on the eeturm b
Calvo Sir W. Armetung offered to andertake the
wark, and his paals wore approved.  But lile
many othor projects of that time in £, thi il
wae Frustrnted by the interfurence of jealous foreign
rivale, and notling wae dodis.

The contemplated the constroction on the
right bank of the canal of 8 ship railway 3§ Lils-

ur I]ntl

|
|

s wiys, and to this he deveted much bie on his first

etecs in longth, commancing at the bottom of tha
eatarnct i the river channel, about & kilimetres
soith of Assonan, and terminating st the top of the

ptruated o run upon the mailway, and to he lhauled
ovar land by hydraulic englnes of 400 horsspower,
laced near the cenitre of the raillway. The water
work the engines was to be pumped st o high
prezsnre by & pair of lurge stream whesls corried
upon pontoons, ard driven by one of the amalier
rapids at the lower ond of the catamct.  The total
lengih tu De travarsed over land by the bints was

| 24 metres ab low Nile, aud 2900 metres at li

Kile. The eatimats of the cost of the incline with
machinery, workshops, wharves, and all oxpemsed

required fo complete it ready for traflle, wae

RULLS
One of the fist mattors clalming Mr, Fowlor's
prtenklon on undertaking the duties of consalting
angineor wus the organiestion of the existing ruil-

ofttcial visitin 1871 Aw o preliminay he anployod

;!iTr. D, K. Clark to abtain for Tim full details of

the rolling wtock and plant, With this information
before hini, Mr. Fowlor was able to advise greal
changes in the divection of simplicity and sy,
must of which were earriod out,

The manngenent lisd previouwsly bLoem of &
nak maltium'ln' condition: In the yonr 1800
the exponses por train iy pmounted to T8, uf
which the locomotive power figured for s 5d
Many other itema wore needlessly high, and wers
incressed by the prnctice of ln'ﬂ:tpiug mplicata sets
of acoounts, moro or less operfect, In ¥rencl aod
Arabie, Mr. Fowler ponsidered that the expenses
could be wall cut down to 4a Od per mile, or
36 per cont. of the earnings.  This small percontags
wak due to the very high traflic charges; ]ﬂrﬁnul:%r
on the transtt rsilway witdel conveyoed the P amld O
Company's passengers acrose the isthmus ; on this
ling firat-vlass (uasengers were charged 43d. e
mile, and class 234, ; aocoloratod Wi
charged 4{1]. per ton, and wnsccelernted §d. per
ton per wile.

o the ss yoar visits wore made o DUpper
Eﬁgpt to examine irvigation works and slnices, ol
bo Supz to determing matteps conmeeted with the
dncks thato,
mendation, was o
the new Aloxandes
n highly satisfactory munuer
the worke,

L tho falluwing year, 1672, the most impartant
niatter Bor cunsideration was the sugar plantations
aml foctories of the Khodive. r&l\l!lﬁ saviTal
willions wterling Ll Leen apent upon Ehom with
but poor Toturns, and the tine bed comts when

M., Thupart, an Mr. Fowlar's rouom-
winted engineer in charge of
sk, & {mt whideli T Ailkiedd fus

ill the completion of

soma alteration in working must be decided wpon,



Jonid him b forming los judgment, Mr. Fowier
sevured vilushle assistance of Mr. (now Bir
¥rederick) Bramwell nnd Dy, Letheby,  The
cesplt was that veports of the most exhaestive
chammcter were
a valushle goude for nll futore operators.. The
Khilive, howesor, was too sangoine, aml the
works were established oo rapidly and on too
extemaive a mealo.  Possibly tho climate was also
bk quite sinituble for sugar oultivation, The brond

b was a very sevious Juss of motey o the
Guovernment,

During the course of the investigation into the
wonditions of the suger estates, several interesting
Lacts, worthy of being place] on permasent yecord,
Wil dcmim.f.mtiaﬂ. It waa f-:n:{all t.h\u.;c]thﬁ sl :Ll

which, of course, s enti Nile dopuosi
Eﬂ{t‘]::)tl of » large amonnt of fine m,:ldf nuxndi-':tth
an unctuous clay, in the lorm of minutely divided
donble silicates of alumina and iran, togother with
fing oxides of irom, aluminn, potash, alkaline sili-
aontes, soluble ailica, and a fair wortion of car-
hinates of lime amd m ll.pwi'l'ha soll s in
such & minute slate of sobdivision that it readily
pields its most important oconstitments (silica,
phosphoric acid, and potash) bo the growing erops.
For the cultivation of sugar it is nocessary to
oqualise the exvess of potash Ly the appliea-
tion to the land of more phosphoric achl, and
to make ap for the deficieney of nitrogen by the
wddition of ammonis,  Anal were nlso made on
another ogeasion of the Nile wator bo determine
whether it had, when ssad for frrigation purposcs,
any manurial value beyond that due to the suos-
pended mud.  The samples wers taken abouk the
middle of the months of June, July, August, Sep-
tember, and Ovtobér. It was found that in each
cass the water contained a considerable quantity of
i nous matter in the form of sctus] ammonis,
as well se ammonia derivable from erganio matter.
The propertion of asctus] ammonis wes largest

in July and smallest in A The organic |
nmuun& wis smallest iu the Aughst sample
and largest in September. Taking the whole |
of the ammonis desivable from 100,000 parts of
water, the quantity canged froin 0114 parts in the
August gample to 0271 In the sample collocted in
June, These are mmrhlll{lalurge Jrnprtings
when we consider that the Nile does not receive
stiything in tho nature of sewage or ardinary town |
idrninage, for they are largely in excess of the pros
wtioma found in the Hiver Thames at Hampton.
properties of soluble saline matters in the Nile
waler range fram 13443 parta per  T00,000 in Og.
tober to 188 parts in June, T'Em chiof ingredients
in thess saline matters aro the carbonates and sol-
jhates of lme and magnesia, bot there s also &
notable quantity of sods and potasss, as wall asa
trace of phosphionic acid, The sedimentary mnatters
I the II:{%:]MT;HI s t.nka:} nmau;té:d t.qin &Eéﬂ
parts water in June, and to 148,167
|iarts %z:nﬁuguai ;l::i m:qfurtmu' Bﬂﬂt arganic
misbter the de I LU, i Lo
18414 The reaults show that the l:nmr of
the Nile is reamirkably rich in fertilising matters,
for not only doce the water contain in sclution a
notable quantity of ammonia, nitrogenous orginic
matter, and the scluble silicates of g and
wodn, as well a8 & trace of phosphuric and nitrie
woids, but it also containe in nml.mmion a
amount of sedimentary matters which are charged
with phosphates and alkaline silicates,

The moat important ngfl:inu guastion submithed
to Mr. Fowler was that of ierigation. Upon this
depenils to a great extent tha fertility of Lower
Egypt, far although the annual iﬂunﬂ.n:ftmam be
depended upan to give the land one thorough water-
g, there are many crops that need to he watered
sovernl times and st different seasoma of the year
from that at which the flood comes e

Hin ome of the ineidents of
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irmpated At any time of the year without pumping ;
21t duvise an improved means of introducing
ool water severnl times during high Nile upouany
reiuired lnnds on the feft hank of the Nils, and of dis-

esentiod to the Khedive, nnd formesd | chargingitat plensurewithout interference withother

Jamda ¢ (3) to
of n ship ca
Fonler proposed s altormative projects under tho
firat head; (15 n lilgh leve] eanal on the rght bank of
&e ﬂif:]; (?%}nﬂlligh l-:l;fal mn:l'fotiﬂ the Jeft llzumll of
© 3 i completion e present barra
or the gonstruction of & new one.  None of I.B(-.Eg
anmu.]n were then earried out, but during the past
aw years, ander the supenntendonce of Jol Sir
Boott Moncrieff, the barrage has beon vepaired to
such an extent that it will hold the wator up to
3 metres, instead of 4.5 metres, us contomplat
Mr. Fowler, The methode employod in the re
of the barrage followod the lines laid diows by Mr,
Fowlor, but were on s less extensive scale, as tho
preazure to be resigted waa less, and there was
ster difficulty in olitaining money than during
sunil Pacha's time. The deficlency of head 1
minde good by pumplng iunto the higler canals.

wpare o scheme for the construction

The second undertaking required & canal sfarting
very high l.;!l the Nile, and fallowing the course of
the Ba ousuf, but it prosented no foatures of

%?cia.l enginesring intereat, aml was not attempted,
& third, the ship canal, was & subjoct in which
Iemail Pacha took the greatest interest.  He found
that the effect of the Suez Canal was to divert the
truflic from ?:u: ot iia]:I, ned o t..]tl:a th:dﬁrmm af
mesngers through the country without adding any-
%I;ing toita wealth uﬁm[mgum. He, t.hm.
concelved the kes of making Calro into & sea-
wort, with emay access (o the Meditermmnesn.

r. Fowler worked out & combined irrigation and
ship canal from the Med to the Hed Sea,
by way of Cairo, This canal would have besn s
formidable rival o the Suez Canal, in 8o much ns the
dues derivalile from the irrigation water would have
enablod the tolls on ehips to have besn reduced to

a very low fi In the iationa which sub-
sequantly too with the Sues Canal Company,
the poesibility of the second canal being made, served

as & powerful lever in the hands of the English

Mt.huugh g0 many of Mr. Fowler's Egyptian
schemes wers not carried out, we must ot regand

themn as wasted effort. For thousands of years |di

Fgypt has besn the prey of c:mqgumu of many
the

races snd o« Probably for firat time in
her hia ahe is in the hands of s power which
has no h sims, and thinks solely of the good of

the inhabitanta. Under such conditione she mest
proaper, and the time is certain to come when many
af the ambitions schemes of her lave ruler will
become prsailile of realisation. At that momont
the reports and dmwi of Mr. Fowler will be
turned to ns the key ol tt]ﬁ:’- plans to be sdoptod.
Space does not permit pa to partivularise all the
groat works in Egg'pt- with which air. Fowlerwascon-
corned, suoh as the construction of stewmera for tho
Khedive, surveys fora railway to Huarrar, and many
others.  For nine years he made perindical visitsto
the eountry, and o grostly interested in ita
fortmies,  The eommection waes broken, however,
when Ia.m:l._il Pachn waa nmiimu:aibdimt;, and @
new  ore BEONUMY WA phiam
eredit was almust nimamd, and what I,il:t‘gl]:a wWRE
left was destroyed hﬁ‘,;a.ﬂm revolt of Avabi Pacha.
A few years lator (1883) the Queen, on the recom-
mendatton of thie Marquis of Salishury, ereated Mr
Fowler Knight Commander of the Order of S,
Michsel and 5t George * for important services
and puidanes to Her Majesty's Government in con-
nogtion with Egype.”
A gurivus example of the way that the engineer
may bo wseful in averting political troubles i:%:l:luml
L.I.r. Fowler's caresr, The

ir}';ﬁs_ﬁ(m works wore gomstructed by Mehiemet Ali, }Imlian emier, M. Minghetti, had disagreed with
wi

s running through the delts and the land

on either gide of it  For a consdorable [;u-t of tha
edr these canals served their purposo [airly well,
at the period of Jow Nile many of them became
ustloss beeause they were at too high a level. This
does not arise from any ervar of the desigoers, but
from the fect thit the e, which was t to
maintain 4 minimum dejith of water in the river,
did not prove capable of resisting the reguired
head  Flence it was o to allow the river to
full befow tho proposed level, Under these con-
ditions My, Fowler was instructed {1% te prepare
alternative plans for placing all the oultivated and

cultivahla lands of Lowar Egypt in & poaition to be

Garibaldi on the question of the rectifioation of the
Tiber, The populsr patriot was powoerfal st the
time in Ttaly, amd wie sn influence which the
Goyvernment did not eare to have ezeraised ngainst
themmolves, At the same time they did not f::ﬁn &
toaccept his viewson the partioular question before
them. Mr, Fowler was at that time at Cairo on
une of his Egyptian vigits, and it wes decided to
submit the matter to himn e waas acoordingly
eummuoted to Rome, and wia formunately shle to
reconcile the differences of the two parties, to the
great relief of the Government.

Wa now:come to the Forth Bridge, the beat

known of all the works with which Sir John Fowler | bridge, and thequality of the ma

botween Alexandris sl Cairo.  Mr (e

has been sssocipted, and one which st the prescnt
moment i cogaging the attention both of the
general public and of engimeering exports in sl
parts of wurld, BirJoln lays oo elaim to be tie
saleauthor of the design which was the joint ontcomo
of four minds, all bent on discovoring thoe beat and
henpest means for carrying a ra.iTwar over the
F‘irt-]l: of Forth, Mot people will remenidwr that
whin the Tay Bridge was destrayed, preparations
were being made, and were actuslly éonunemocd,
for bridging the Forth.  Sic Thomas Bouch D
designed a suspension bridge for ﬂlul:su'iu.lu, aul
atl Act of Parliansent had heen obtained aothorising
it gomstruetion, The failure at the Tay st onco
thirew doulds upon the safety of the most ambitious
E‘i}jeﬂt. el the works wore stopped,  Subssquent

vestigation showed that che poopossd  bridge
could not have boom o satisinctory one,

A bridge norosa the Forth offared so mnch
advantage to the railway companies forming the
enst const route be Seotland that, aftor bwo yenrs,
the idea was revived. On February 18, 1881, tho
four grest railway oompinies concerned,  the
Griat Northern, the Hawtﬂhm thie Midlaumd,
and the North British, wrate to their eonsulfing
eugimeera—Me. T. Harrison, Mr, W, H. Darlow,
and Mr, Joko Fowler, mssocinted with Mr. 5.
Baker — propounding  two  gquestions for their
joint opinione, T wore  pukod to consider
the feasibility of h’:i{]h:g n bridge for railway
ﬁuurEmu across . the Forth, and, u.sauminﬁ thie

ihility to be proved, what descripition of lridge
would be most desirsble to adopt, The matter
invidved so large an oxpenditure md contained wo
mausy novel tiswes that it needed to be approsclied
with the greatost possible cars, It was I'Erbr wall
known how many types of bedlge thers were Lo
gelect from for such o eite;—these wera (1) Mr.
Bouch's uriglual design; (2) & stiffensd suspenaion
bridge; (3) a second form of stifevod  suspension
bridge ; (4) o eaotilever bridge. Caloulationa of
woight and cost were mado for each type of bridge
wore ilissussod b}' Mosars, Harrisom, Jow,
Fowler, and Baker, with the general result that the
cantilevor type was chosen. A report was made to
the milway companica om My 4, 1881, ombodying
the result of the deliburations, wed pointing out that
the cantilever principle offered a cheaper and botter
aalution of the | e than any sthor,  The report
d pot anter into the details of eomsbructiong
indeed it could not be said to give even the broad
festures, other than thos: which are involved in the
upe of the cantilever. These still remnined to be
elabirated in comicell, and it was only united
discussion that the originn] plan developed into the
fnnd design.  Although the typo of the bridge is
very ancient thers were many featores in it which
wore opeu to eonsideration, wnd to differences of
inion, and at eacl meeting of the voginests new
ware propuunded, snd povel methods of ovor-
coming difficultios wers mooted.  After most elabo-
rate investigations amd caloulstbonz the structure
graduslly, by « process of ovalution of develojaent,
assurmod its proseot form,

The  design being settled and the execution
decided upon by the sssocinted rilway com)mninog,
the carrying out of the work was en tis My,
Fowler, in conjunceion with hia partner, Mr, Ben-
jamin Baker,

The Parlismentary fight had been excoodingly
atubliorn, for groat interesta were atstake. Mithorto
the London snd Narth-Western and the Caledonian
cumpanies have enjoyed a t advan i
cnr:l;.-iug the Seotah trafie to Parth and the High-
lands, in consoquence of the east coast traflichaving
to traverse the circuit from BEdinburgh wid Larbert
and Stirling to Perth, But when the bridge is
vpened  this  sdvantage will disappear. A \:I;.rjy
steomg hybeid semi-public committes wna appointed,
with Lord Stanloy, of Prestou, the present Governur
of Cinada, na the chal neering  evi-
denee wan brought forward to condemn the strog-
ture, and every possible daseription of hestilo
evidence for ahipping lutoreats was adduoced againal
it, and made the moat of by ominent coumsel,
who hioth in speoeches and eross-examination strove
to the utmoat to judice the undertaking,
But st the close of the ease the comunittes ‘were
upanimons in favour of the Bill, only stipulet-
ing that the Doard of Trule shomld maintsin
general inspoction of the works during comstruction.
It was finully srranged at the suggosgon of Mr
Fuwler that Em inapectars sl Jd report to Parlin-
ment every three manths ag to the of the
workirn-
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anip.  These reports, mude by General Hutehinsen
and Major Marindin, have appoared segolarly in our
columne, and all have spokon iu the highest penise
of the way in which the wnillortaking wns being
carried out,

8ir Juhn Fowlor and Mre. Baker have kept a
prersonal and continuous coutrol over the entire opera-
ticns of building the bridge, and havo superimtendod
thie seriea of procosses, frow the rolling of the plates
to the closing of the rivets. They have further
umupdoyed severnl distinet ataffs of assistants for
the porposes of (1) survoying and foundation
work 3 (2 fur wm-lr.i.nf drawings ; (3) for mepocting
{lstes it the mills ; (4) for inspecting the viveiting;
and (3} for the fitting and am{i“ﬁ\' Mr. Alan
Stewart was chiof of the staff in Westimiuster,
where all the detailed dinwings and calenlations
were made. The resident enginecor wis Mr. Cooper,
who entered Mr, Fowler’s afhoe i 18EL and has
rontainiod there ever since. Mr. Tuit, Mr. Lilliquast,
mnl Mr. Carey, il other engineers of exeeptional
phility wore also on the engineers’ staff.  The con-
tractors wore selecknd on account of their previous
wxperionee.  Mr, Thillips hind had great experience
i bridge building ; Siv Thomsa Tancred sod Me,
Fulkiner in large contracts and the organisation of
fabour ; wod Mr, Arrol had shiwn o provious
oceasions . remarkable ability sl resourses,  Im
the enrly daya Me. Phillips took an active part
but in the preparation: and eroction of tho ston)
Mr. Arrol took tho leading poaition, aud he was

ably secomded by Mr, DBigeart, Mr. Meoir, Mr
Westhofen, Mr. Harris, Mr. Scott. Mr. Bakowell,
and sithers,

Having brought thils series of skotchies of inci-
ilents in the earcer of Sie Joln Fowler up ta the
sominencement of the Forth Bridge, we do nar pro-
pme to carry bt fuethor,  Tu the volumns of this
segue will bie fouml full defaila of the design and
copstruction of thatmagnificent work. - The bridge,
however, hns not monopohised the whole of glltl'
John Fowlers time and attention ; ke has been
comnected with many other im t works in the
meantime, besides fuilfilling Lis standing engage-
mepts.  Sir John becsme consulting engineer, on
tlie death of Mr. DBronel, to the t Western
Ruilway, and besides this and many soaller under-
takings, he i consulting engineer %o the Great
Suﬂmu, the Brighton, sl Highland rail ways,

Mu. Bexoasin Baxen.

The evareer of Hir Johin Fowler, which we
have ondesvoured to skotch in the foregoing
colunms, may be regarded aa a contribution to the
oarly history of the profession rather than as a
biograpthical uotice, heir Mr. Baker bogan his
career, Bir Joln Fowler hed Dbeen actively en-
gaged in s variety of important work for more
than twﬂ yoars. ‘Tho great pioueers of the pro.
fession Dhad, st of them, either passed away,
or had retived from active aervice, their work
having heon eontinoed by those who had seeved
with them, benefiting by thelr experience, snd
enlarging it with their own, Engineering lind, in
fuot, been roduced to a scionce that e d the
more or less experimental pursuit which had ouen-
vied the previons generation, and the foundation
ad been wecurcly lnid for the development which
toeday distinguishes the profession throughout the
world,  But it was not slone the early engineera
who bequeathed a vich mheritanee of wxperiomee to
their kuccessors, Indostry mnd a ﬁliﬂf] seionce in
every divection which con huﬂﬁfll to comstroctive

work were progressing steadily and with mpidity.
Especially lm was the rase with the manm W:Ia
of iron, which rendered unilertakings easy that
would have beon impossible to the angilieers,
who hisd little ae their disposal except timber, stone,
and brick.  And later, when, in the march of pro-

grass, irot had to give way to steel, engineers wers
ciabled to ondertike and out snecessfully,
mndartakings which their hmmedinte prsleocssomn
comld ntirt. seriously consider for wank nﬂhla proper

Ha

In the atmokphere of enthusissm that oaturally
purrournds the p{lmwﬂtul eampletion of sa vast a
strnoture as the Forth Bridge, aue 5 too apt to
forgot, m presence of the stupendous work, lhow
much s due to the army of workers who
!I.tm'a l-gu'l-uu:IBdt-l;illiJi i mf.ému mﬂm t.ln;

im omtury, and to ascribe some o
1ﬁ§ m:t-liﬁ to its eredtors which B really duoe to
the geomal advanco in mechanical scence ehiurse-
teristic. of the sme. Af Lord said on &
recunt public occasion, “T like to remomber that

(

it wy father bad not Taboured 1 sloubd nob Le Lond
Brassey.” In his innny publio utterances on the sub-
joet of the Forth Bril}h'u Mr. Bakor hac nlwnys
mmﬁht this fuct prvaninently befwre his audience,
S]Eﬁen ing it Southimpbon wevew years ago, he aaid:
WThe anerit of the design, if any, will be fimnd,
uob in the novelty of the principles underlying it
but ju the resolite application  of w.—..l{ltaal
mechanical laws and experimental resuits to the
sonnowhap diftbenls peobilom offered by tho construe. |
tion of ao lacge a hrig,(u Across a0 exposed an
estuary ns dlnrﬁ‘irtll of Forth,” At Mantreal, two
yenrs lator, when the works were in full” swing, he
sald ¢ T 1 wore to protewd that the Jdesiening aoml
bulding of the anﬂr]}ridga was ot n source of
present and future mnxicty to all eomeerned, na
engineer of experlence w believe we. Whera |
o precedont exists the sweeessful ongineer v he |
who mnkes the fewest tuistaken AL Naweastlo, |
last y whon delivering the workmons lecture
of thi British Assochution to an sudience of 480
men, he remarked that the success of the work was
chow as mich b the individoal amnd collective pluck
arnl ingenuity of the workmen as to the sciontific
lahours awl orgamieation of the engincers wud oom-
trnctors 3 and s Presidont of the Mechanioal |
Beionoo Section of the Amsociation st Aberdesn, ho)
said : *T have no doobt that as able and onter-
prising enginecrs existed prior o tho e of stosm |

atoul ne oxist now, and thoir work was as|
Leneficial to mankind, though different in direc-
o' 1t-in quite vlesr, therefors, that Mr. Baker |
does not lnhour under the common illusion that &
very great undertaking must necessarily be the
work of very greal men ; and, indsed, he told the
Huclluuirﬂrﬁugh:wm at Edinburgh that he woulid
thr sorry not to believe that there were plemty of
engitieers and contragtors in England, Burdpe, and
Amuries eapable of building a Forth Bridgs, if
cialled wpim o do so; sl riut, in his opimon, i
the engineers amil contractors of the Farth Tirid
desorved the profse which had boen so Hheml
awarded them, it could only be on the grounds
that they lisd done their work as well, probably, as
any rmo else would have done it

Bir John Fowler's professional training bogan
with leval and theclolite in the north of andd,
amd Mr. Baker's with hammer and chisel m one
of the oldest irnworks in South Walea, After
tho wiual preliminary freining of an ongineering
student, Mr, Bakoy waos arti to Mr. H. H. Prica,
civil engineer, in whosa workshops nnd draw-
ing-office he red  practical experiemes in
foundry, forge, iz ring processes, and
the designing of machinery and iromwork of all
kinds, At Iﬁm works referred to were mmnde, a
hundred  years  ago, Trevithicks At Cornish
ﬂrmping engives; and long Lefore the eve of the

verpocl sl Manchester Railway natmu loco-
mokives, with spur gesring snd racks, sithers
with double Buogies, somo of which have been
Hustrated by us, were turnaed out of the works,
together with marine engines and steamboats of the
warliest type,  The portfolios of working drawings
thus embodicd the whole history of the dewvel
ment of the steam engine in its amimﬁml tu Tl
nway n:nvflgaﬂun mining, smolting and  rolling
mul:ia, b other purposes.  Aftor three yeurs

ienl work at tl!:is branch of engineering,
Ir. Baker then enderwent a furthor of
training elsewhere in surveying, lovelling, and the
designing of works in masoury and  brickwork.
Hhortly after his arrival in Landon, Mr, Baker on-
tored Sir Joln Fowler's office, and thon wally
took a more and more active part im the many
important. engineering works then being carried
ot amd proposad, dncloding smongst of tha
Metropolitan  Hauilway, and other railways in and
around Landon,

Mr. Baker was at that timo a coostant contri-
butor b the columna of Excingemiwg, and his
articles on * Long-Span DBridges,” firat published
by us, twenty-throe years ago, were soon after
repubilished in Amenes, Gormany, Austria, and
Holland, From thess early daya to the pre.
st time, Mr, Baker las bean associnted, in ong
onjucity or another, with important bridges too
numersus W mention in differont parts of the
waorkd; the latest and biggest of which, the Channel
DBridge, Mr. Baker, as stabed ot the Society of Arts,
undertook o in\rmﬁﬁate a8 an mteresting seivntific
probilem, out of ideration Lo the high position of
18 promoters and designors, Messr=, Schneider and
Hersent, and not ss a promoter of the project. him-
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self in any semse of the word, bat confining himself

entivaly Lo the consideration of the guedtion of the
bost  desien, and the probable cost of Mesars.
ﬁchﬂufiillqr il le;u bkl IWHLM. Whilst un
thie aulijoct oo ( it o indovesting o
rocall Mr. Baker's statomont ﬂg Llaa Inﬂtituil‘:;ﬁ f
Civil Kagincers, that it Tidd fallom to his Lot to
repair aidd strengtlien the thiree yreat historicel
bridiges of their first President, Tolfund ; namely,
the Menai Snapension DBridge, the Buildwes ca.
frony arehed brslge, snd the Over mswonry arch
Tidege across the Severn noar Glowcester, and that
he had socceeded in vestraining the lieal aathorities
fram pulling two of them dewn, or duing anything
which would affect the sppencinee of these works
a5 loft by hin great predecossor Telford,

Altheugh in eomection with the subject of the
Forth Bridge it b= fit that we ahould vefer at some
little lemgth to Mr. Baker's conmection with laidge
engineerng, the Procesdings of the Institution of
Civil Engmeers, the * Encyclopedin Dritanmice,”
and many other publioations, and our own calams,
Loar witness that he js no less jutercsted profes-
siconally {n tunnelling, ship railways, or other chiaees
of work offering the fnscination of novalty aud dift-
culty. Mr. Baker holds an offiein] position wder the
War Dopartment as s civil member of the Ordnanco
Committoe, to whom sll questions affocting the
design of guns ave refarred.  He has b advisul
the Metrupoliton Board of Works during the past
twelve yuars, aml misny other public bedies, on
important engineeving works of a varied charoter
projectad or tidertaken by them,

hir. Haker is o Member of Couneil of the lusa-
tution of Civil Engineers ; of the Socisty of Area ;
of the Britizh Associstion for the Advancement of
Helenee ; and alzo Past-President of the Mechanionl
Science Section of the latter Assoclation, Heo i
unn Hoporary Munber of the Society of Enginoers ;
of the Amoricen Society of Mechanical Enginecrs,
nnd of vther aeientific and literary bodies | and o
Lisntennnt-Colomel in the Engineer snd Hailway
Voluntoor Stall’ Oorpe.

Sie. TRowis Taxcrep,

Sir Thomas Tally Tanersd, the eighth baronet of
his: line, was brought up in the office of the wll-
known engineer; the Iate George Willooghby
Hemana. He loft England in 1805, shortly aftor
the torm of his pupilage had expired, snd obtained
a position in the Public Works Department of New
Zenland, ‘After o time he abandonad the profession
in favour of sheep farming, in which puorsuit he
distinguished himself, becoming & fameus breeder,
and receiving many modals at :E.Ennm- exhihitions
En EBT0 Bir Thomas Tancred returned to England,
and heewmo associated with Mr. Falkiner ps eon-
sulting engineer for the Now Zealmd Government,
the business being -earried on under the title wf
Messra, Hemans, Falkiner, and Tancred, and
under that of Falkiner and Tancred, =s oon-
tracto:s for publicworks, The partnership was din-
wolved in L‘!'gl und afterwards Sir Thomas carried
out large contracts in Asia Minor, hesides oom-
pleting the Delngoa Bay rilways, o work that was
very rapidly vxseuted under his own supervision
He is at prosent engaoed in constructing a milway
actoss the Isthmns of Tohumntepes, ovir pearly the
sams route as that loeated by the late Captain
Jumes B. Eads for his prey ship rilway. Six
Thoaas Tancred hecame an associnte member of
the Tustitution of Civil Engineers in 1868, and liko
Mr. Fulkiner has practised s an engiveer, besifle
hno':.hh':g been & contractor om & large sealo for public
works,

Me. Winzan Anrot,

Me. William Arrol, like wnny other [amons omi-
tractors, in essentinlly n self-made man, who has
risen from the huwoblest position ocoupied by n
worker in itom, to that of onn of the principal oon-
tractora in the United Kingdom, Mr. Arrl,
who was horn at Paislay, was apprenticed tu & lueal
blacksmith av the age of thirteen ; he lesrned hin
trade for four yenrs, and it nosd not he said et b
lesrned it wall, By tho time he became a journey-
man, a fAnancial erigis parslysed Seotland, and work
being diffieult t4 obtain, he went ta England,
where, for & considerable time, he followed Thid
trade, and acquired a varled stook of knowledge
that was to sorve him well ab a Ister poriod,
Always loarning, and always siping monay, Lo #il
him 1 commencing the independont career wf
which he had already Isid down the main antlimes,
Mr. Areol—when times grow hetber—raturned Lo
Sootland, and found employment in varous capn-
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cities, for all of whicli he was thoroughly ftted, by | the years 1882 and 1887, Inthemean Hme SicJobn Frelind, are the Dungarvon and Lisinore Railway ; the

virtue of his energy, industty, and versatils talent. | Fowler and Me. Baker had decided that they could | Killorglin Railway and sator works for Waterfond,

Whiether working as a h mith, o fitter, or a | safely place the most important part of the work of | Wexford | and the Iathmines and Rathgon town-

boilermaker, his work was well done, anid was | the Forth Bridge eontract in Mr, Arrol's hands, and | ships, Dublin,  Although

in importanl practics as a

always characterised by the touch of originality | i is needless to say that Mr. Arrol has justified the conteactor, Mr, Falkiner has uover abandoned lis

which diﬁ:zuishau the man born te commnand from | confidence which the engineers placed in him
the one made only to obey., To do ev&u‘thﬁ' ha
undertook well, to forsake the grocves pr Mu. Travens FALKinEs.
by established handicralt, for new and bolder ways, | Mr, Travers H, Falkiner is & momber of a well-
and mever to avoid a mendnl task that might aceom. | known family longainee sottled in Ireland, of which
]‘nnﬁt.l:w unﬁ&:t&km%’ in hand, was charscteristic |his lrother Richard Falkiner, of Mount Faleon,
of Mr. Arrol.  Speaking recently to some of his | County Tip[ﬂnm'y, 15 the head ; he has been
friends who presented him with o mark of their member of the Institution of Civil Eugineers since
estoom, he said: ** Whatever I went to I pot my 1863, Like Bir Thomas Tancred, he was o pupdl of
whole mind to. Sometimes I wassent to p.lgan
flucs inatead of ropairing the
boilers, but | wever shirked
the duty.” It is in this that
Yies ome of the chief canses of
hin success, **that he never
ahirked his duty.” It was
inevitable that BMr. Arml
should pise und rise quickly ;
bafore long Le ehanged from
the man-of-nll-work to the
foremon of the bridge and
bofler departments, in the
works of Mesars.  Laidlnw
and Sops, of Glasgow and
Edinborgh. Hereherempined
fur scmo yesrs; gaining the
experience whiell was neces-
sary for his eoming advanoce.
ment. Twenty yenm ago the
timo arrived when he con-
mderml himself  justified in
makiog his first and inds-

ndent venture, and he
Eldl-_v,- Inunched himself as &
contractor aad repairing en-
ginesr, with the muoniboent
eapital of B3, —the savings
ol liislife. Successwaseertain,
though Mr. Arroldidnot know
it, becamse ho had the good
fortune to possess the ele.
ments that, when comblined,
commund suceess, It is in-
turesting to know that bwent
]vimm ago he purchased

rat engine For 180, his first
boiler for 25, amd the few
tocls Do oould offerd, and
which we may be sure ha
Eknaw how to selool to the best

alv; ¢, and how o tom
ta mt acconnt. How
many times during the last

few yemra muit  Mr. Arrol
have vecalled this;, his frat
poor hut all-lmportant ven-
fure, o8 b wn]fm-i through
the  enormous  shops  ond
works he Inid dewn to earry
out the Forth Bridge con-
teact. TFor two years after
be siarted in business for
himsalf, Mr, Aveol’s lifi- waa

that which has been led by
thowands of sther men wnider
similaroircumstanees, & porksd
of hope and disappointment,
of waiting made tolerable only

pationoe anddetormination
tosncoeed.  Io hia casa, how-
Bver, sncoess came enrly, and
within three yenra bLe had

From a phebimraph by Jaby Frepil, Sarye
ML WILLIAM ARBOL.

contection as i elvil engineer, and has boen associated
in that capacity with several works of considerable

Mi Joserr Puivies.

Tho fourfli membor of the firm of coutractors for
the Forth Bridge, Mr. Joseph Phillips, conumeneed
his professionsl caresr In lﬂi-d
Grissell, of London, and after serving hin time lo

 entered the service of Messra, Fox, Hendorson
the ' the late George Willoughby Hemans, and until the | and ., who were then building the Exhibition of

y 68 8 pupil bo Mesirs,

1851, When the frm crocted
the tal Palace at Sydeu-
bam, AMr Phillips acted as
o of their outdoor super-
intendents, nud he afterwards
was in nlmrg; ol the oo
strugtion  and erecfion  of
Nowark Dyke Heidge, on the
Girent Rorthern way, the
Intgeat evor constructed on
the Warren truss gminciplo,
His next work was the Bir-
mingham - Hailway Station
rocf, which is of 212-ft. span,
sl ab that time was by far
the | s roof D exigtonds,
Suee then Mr, Phillips has
frequently been consultid by
eugimeors on the subject of
large-span  roofs, pud  has
oarried mwany lute sxevution,
Whils &till in the employ-
ment of Misses, Fox ol
Hendorson: he  jabd  much
attention te the system of

sinking  cafsons eam-
Fremd mir, I:lll'klllllj}‘h? i,
Tughsa, and firsl sdopled
in constructing the foundy.
tious of the Bocheater Bridye
by Megsrs. Fox, Hendersou,
il Oo

Mr. Phillipe: joloed the
firn of Meswars, Cloglirane sl
., of Dudley, in 1856, as
thetrr mansger, and le suls.
nexjuently undertonk for them
the oreotion of siuch well
known: ghructures as West.
minster  Bridge, anid  tho
Charing Qress amd Oapndn:
atreat mailway brhdges over
the Thames. He waa aln
sssocuited with the mme firm
in the eopstroction of thoe
bridge across the Mersoy at
Runcorn.  Further reeogni-
tion of his ahility came  with
the ndoption of his pateuk
for  wrought - ivon calson
coffordoma, put down by
open  stuking or by oom-
pressed air, for tho  moat
diffipult pivreta of the Thauies
FRinbaukment, and, hy tha
Govermment, st the Splthead
forts, Later om he  wr
sasocipted with the late Me,
T, Paary ia the contract for
the Centri] Radlwny Station
and Hoo ab Liverpool, and
the Whitehaven Docka. He

advanced so far in inenns and reputation, that howas | death of that well known engineer, was closely ssso- | afterwands carried vt by himself the contracts for
intrusted with the contract for iron bridges on the | clated with him in professional work, as assistant, |the Campos Tiridgo over the Rivor Pam, for the
(lasgow, Hamilton, and Bothwoll MI“{;; cne of | representative, and fmally as pnrtner, ther with Bmailian Government ; the extension of the Daely

thembeing a very large structore apanning t

Olyde. | Bir Thomas Tanered, in conjunction with whom he Water Works(undoer Mr. Hawkesloy), and the Great

Thew followed the ercetion of another important | peted s3 consulting engineer to the New Zealund  Western Dock st Plymouth, for the Greal Western

bridge ever the Clyde: adjomin

lnsgow Cenibral | Government. Tn 1876 thiz counection waa extended | Railway Company, The foregoing are only same

the (i
Statren of the Eﬂnﬁ.-nian F{ailwu;, and it was | by Mr. Falkiner and Sir Thomas Tanored becoming of the works upon which Mr. Phillips ha houn
for this work that Mr, Areel devised s mumber | contractors on & large seabe, snd togother they | sogaged, but, of course, ho has bosides undertilian
of special machines fer drilling sand rivetting | cxecuted many inpertant works, including railwayy, | many othoeres, for-which woch skill aud abilfty wore

up work, which, with necessary modifications, wers | harbonrs, piers, water works, aewl:io works, and | nocessicy
Mr. Phillipa’ career hus buon all the more re-
4 contruct |of the Forth Bridge contract, he had carried out ' markable becnnae he was removed from active lite

wi Jurgely used wn the Furth Brirlgi& The Furth | arterial dramage. Previous to his taking up o part
ko

Bridge Compnny in 1873 enterd

with Mesrs. W, Arpol and Co. fer onrryiug out | for 8ie Jolm Fowler and Mr, Baker, the Lipwrick [or a long while by a very séricus [llness, at a time
Sir Thumas Bouch's design, and whon the scheme | and Kerry Railway, the Trales and Forrit Railwny when he was Dusily emgued upon important
wia ahandoned, after thie falluro of thie Tay Bridge. | and bachour, and the Dideot, Newbory, and South- | mattors, and which, after s rocovery, left lim in

the reconstroction of this work came into Mr.
Arroel's hands, and was earried out by him between

wipton Hailway, works amounting to 16000001 4 wmuch less advantogecus pesition for progress
Amonget other undertakings cempletod by i in than he had formerly occapied.  Since the starting



uf the Forth Bridge seven yenrs ago he has resided
an the spot, Mr. was apecially intorested
in the sinking of the deap foundations of the main
plorm, and in the sxeeution of which the contractort
co-aperated with the sminont Froneh conractors
M. Coiscad, The difficolties of that part of the
undertaking  will be' realised by what we have
ulready =aitl,  Since the foundstivms wera com-
ploted, Me. Phillips hae been  actively eoguged
with Me. Arvol ju superintending the erection of

the saperstructure.
Sossers Lo Gomsar.

It would be, of conree, too much o say that the
fonndations for the piers of the Forth i dould
niot have been so snecesefully earried oot hy English
workmen and the firm of contractars whe exacuted

( 71
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tha remainder of the work ; but it is certain that it | und the regulation of the Dunube s Vienus, For
wns & wise decision to entrost this of the ntime he was n partner of 8ir Thomsee Ta
undertaking to somoe one who had achioved u high  and so bochue fsmiline with Englich natlisda
reputation in the specially diffioult. work of sinking | carrying out work, while st the aame time he grew
Inrga foundations to a considorable depth, by | o favourably and widely known by English
moans of compressed air.  On the Continont works | engineers. It was during this period that he oon-

of this kind bl been carried out on s muoch la.rf:r
seale, and omder greater difficoltivs than in this
eountry, and ne firm in the world hes earned so
high a repotation in thia Geld as MM, Hersent and
Couvronx. At the time—about I880—when these
eontractors wers corrying out the Antwarp Harbouy |
works, at & cost of more than g million and & half
sterling, their engineer-in-chief, M. L. Coisean,

structed & raflway in Asin Minor. At the preaemt
time M. Colsean 5 engaged in completing o

contrict for the improvement in the port of Billao,
en  extensive rallway ﬁndurtnh-ju% in Bouth
Amarica, and on other important works., There jg
no oocasion for us to enlarge here on the manner
in which he carried out the sulrcontract for the
sinking ol the Forth Drldge ealssons, s the

hnd the respomsibility of the foundations, 8 work
gimilur in many res to those of the Forth
Bridge. Before this M. Coisean had been
engaped on Meavy contracts upon the Soca Canal

dotadls have heen given on & previcuns page, but

we may add tliat many important applinnces need

;fir nmigumatic foundations hnve heen designed hy
[EATR

APPENDIX.

INSPECTION AND TESTING OF THE FORTH BRIDGE BY THE BOARD OF TRADE.

SOUTH QUEENSEERRY PIER i
| Fiidiy POYITIEN

ees MIE 3
e
INTREARYIL

Lt

Fua, 157,

Tune nificial mapection and tostm
Trado Inspectors took pliee on
Fubruary, aoil the two following days  The i
ware Major-frenern] Hutohinson, B E., Major Mariilin
I, knd Major Darwin, B K., and they wern assisted
by Sir. W, N. Bakewel and his aslitants, of the

Y i firs [

rveying riment. )

Tl tious, us the structure, were the
mme a8 on the of the preliminary trials
exenpting the following — Ballust, consisting of coaras |
sreensl gravel to the extent of sbout 600 tons, had |
beon distributed over the structure, belng labd over |
the lmckle-plates in the 6-ft, way, and between uwl
trooghs of the two lines ; on the other hand nm:hh'r-l
ahle amonnt of stuging suspended from the cantilovers
and contral girdors I?ul romovod. The  dead.
wedght in the end boxes of the two fixel cantilevers
had also been inereased to 1000 tons in each case,

The traind used on this ceenslon consiabal of -

2 Locomotives and tenders in front iee 144} toms
4 Wagons (loaded with plg iron) at 15
tene 10wt ... b i

I Losoaiotive anid- beader in-roar. ., T8

Total for each train... 001 ,,
(I for both traina... 1802
The length of vach train wes

by the Bosrd of

& Fogimea 144 fe,
4d Wagons . T2 5 ine
Total 806 It & in. —close bufered.

The load wae thus somewhat more concomtratod
than on the fret voetsion.

Along the footpaths on both #ides of the intermal
vimduct stations liad been preparod by driving in
ooppér tacks wpon which the lovelling staffs wers
placed,  Thore wae o station st tho centre of each
towar, at cach of the vertica) columps, and at Ehe
ende of sach bay jo the cantilevees, klso at each and
ard at the centre of the central conoecting girders,
All stations had Veen levelled several times over, and
carciully vhoclied aml plotted. U the moening of
the inwpection, and previgns to soy truin loiog

ueaday, the 18th |

; : moved forward on to the Queen

T- el

ru O e e e e e T

Diduiad sUOWIXE POSITIONS OF TEST LOATE,

allowws! on the strogture, the whole of the stations
were gome over again, both by the Porth Brid
wwﬂm and, =g -qmmtly, by the officers af the
Board of Trade—Major-fioneral Hutchinson taking
one siide and Major Marindin the other. The stations
in the cantiliver eod and st the vertiesl
colomng were taken as fixed points, and all other
leveln woee referred bo theas an Lenelimurke

First Position of  Tredei, —The tralos were now |
tnoved sille by side over the south approsch visduct
knid along the Queensferry south cantilever until tho
front enginos were glose to the south verfical columns,
Levols were now taken on hoth sides st every station,
but only maxinii are here recorded —the intermediate

Upward defliction at end post of Inchgarvie
!:H'tll eantilever, on mﬁl‘m =
Ditto, ditto, on west side =g§ ot
Fourth Puositfon of Fradns—The traing were next
moved loto the Inchgarvie north cantfever, the from
engings B hays into the porth eentral gieder—the
rear engines 40 ft. outside Inchgarvie north vertioal
columns,  The reanlts wero:

Deflection at ond post of
erngilover, at eust side
Ditto, ditto, on westalde ... .. :
Defleetion at end post of Fife south canti-
lever, on eaat side ... -

Inchgarvie norkh

‘e B A 5 A
=T .
=2

deflections ware throughout in proportion, Do, diste, coLwent i ..o s e
Deffoction st ends of Bays 2and 3 on east side= 11| VRl AoEon 4% end post of Tnchgarvie
- " " weatallo=1 in, Ditto, ditto, on west side : (=3 .I:

Bevoml Position of Tiains —The tralos were poxd

being @ 1 Adegonbiongrarsy

the front engines boing iy into sonth central |

rdor—the rear engine being about 40 ft. cler of the 1 the locomotive engines were day —oue

gﬂﬂﬂlﬂﬂ“}’ noith Eﬂ?ﬁd columps.  The resnbts wore 10 front, two in rear, The weights and jongths of
- ToThar 4 fraine remainaed the anme,

Thi conchuded Tuesday’s work,
Wednesdry, 19th February, !H!‘Iu.—"l‘iahpndum al

i " Fifth Positio Frains, —The traine wore Gest
rm‘:; ?;dm .mn: uum-fnrry mr_‘f:fi jn. moved into the Fife south candilevor—the front em:
Dittn, ﬂit‘h‘l: on weat sildn - | gine about 40 fi. short of the Fife south vertical
Defloction at end post of Inchgarvie south | culit resr engines 6 bays within north eentral

cantilever, vo east slde ... ... .., =0}, Girder The rewlis were:
Diatto, ditto, oo west side ... = Defloction at end post of Fifo wonth canti-
Upward deflection in Queansferry south can- lever, an oast uidtn Uy R e - f T
tilever wt eod of bay 3, on east side ,..=|i o | Ditto, ditto, oo west side ... .. . =T§,,
Ditto, ditto, on west slde .. i co=14 5 | Deflection st end post of Inchgarvie north
Thirdd Position of Troine.—The trains wers then cantilever, on esat side .. .. =2
moved on to the Inchgarvie south costilover, the frons|  Vitte, ditto, on west side i =2 n
mgi.]uﬂl haillag llxm:] 40 fh, n!nu"gl.hnl' Inel::wuilv saith | Upward diflection in Fife north cuntilever—
vortien] columns, the rear ongine 6  in eouth | - =k
mﬂl;::;l !iﬂml 'I"hﬂu mnii:I ware; Y th laied :: :::t..ﬂn = || 4
I!I::t sl = Inﬂhg‘r‘* B i Ll Ldb T '_ 1]
cantilover, on n.utw:ilﬂa a < =Tk, | B"‘L'ﬂ BT:’" :ﬂm'}f& ':h ::

Ditto, ditto, on west slde

iR
Defleetion at end post of Quesnsferry north - | Sizth Pesitfon qf Trolus —The trains were then
contilover .. ws B0t obasrved | moved into the Fifo north cantilovor—the front snglire



o

"aon
PG
.

Dl dhe

(72 )

outside the north cantilever end pier upon the via- p : at speed of heavy trains, and these agreed and termivating in the afternoon of the 3rd day in a
exactly with those obtained during the deadweight | storm of sleet and rain.

duet—the rear engine 40 ft. short of the Fife north
vertical columns, The results were as follows:

Deflection at end of bay 3 in Fife north can-

tilever, on east side ... .

Ditto, ditto, on west side ) .

After this various trials were made with the trains
running abreast at moderate speeds, and up to about
20 miles per hour. During these trials observations
were taken of the deflections to north or south, as the
case might be, of the tops of the vertical columns with
the passage of the heavy trains. The observations
were taken by means of theodolites placed on the
circular granite piers. Referring again to the various
positions of the trains as above, the movements noted
were ag follows:—

I i,

trinls,

For testing the deflections in the central connecting

-girders two trains were made up, consisting each of three

engines and six trucks at each end, these trains
weighing 405 tons each, or a total weight of 810 tons
upon each girder. Both in the north and south spans
the application of this load produced a deflection of
slightly over 1} in. at the centre of the girder.
he test londs applied to the 168 ft. spans of the

approach viaduets produced deflections ranging from
tlin. to |} in., or n mean of § in.

Various special trials with trains running in opposite
directions, and meeting each other at specifiell points,
also took place.

First position : not observed —ses Gth lmait'mn. in.

Second  ,, : Queensferry vertical columns moved towards north 2

- : Inchgarvie v o south 1

Third : . - % south 2

Fourth e |3 -~ e - north 2

Fifth o+ Fife - . south 2

oty Sisthe . Ly o - - north 1

'.F‘mm' mtault'a‘bl'e 'éﬁz;.tinn near the old castle on Inch-
+ ganties obsbtvationg were also taken of the deflections
“end Tiasts of, the four free cantilevers during the

Toe atmospheric eonditions during the three days
were nobof the most agresable character —an extremely
sold and stiff vasterly breeze blowing the whole time,

The veport by the Board of Trade Inspectors issued
on February 24, 1800, is of a highly satisfactory
and complimentary character, and enters into every
rjuestion of intereat to the travelling publie,

On March 4, 1880, during a violent gale which
blew from the south west with a pressure of 20 Ib, per
square foot, the Prince of Wales closed the last rivet
in the north central girder, and from the south port
of the south cantilever end pier declared the bridge
open. At the banquet which followed the ceremony, and
to which nearly 6600 gnests had been invited, the Prince
of Wales announced that the Queen had conferredupon
the Chairman of the Forth Bridge Company, Mr.
Matthew William Thompson, an:gl upon Sir John
Fowler, K.C.M.G., the honour of bavonetcies; upon
Mr. Benjamin Baker the honour of K.C.M.G.; and
;;po&l Mr. William Arvol, the honour of a lknight-

ood.

Between five and six o'clock the same night two
lieavy goods traing passed over the bridge —one from
north and one from south, and t:ommeucingr, from the
morning of the following day, Wednesday, 5th March
—when passenger traffic between Dunfermline and
Filinburgh was estublished —between 40 and 50 trains
iave been run every day and night over the now com-
Jeted Forth Bridge,

PRINTEL AT THE BEDFORD PRE<S, 20 AND 21, BEDFORDBURY, LONDON, W.(.
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PLATE V.

GENERAL VIEW OF BITE LOOHING HORTH-EART.
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PLATE VII,

IH BRIDGE.
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PLATE IX.

H BRIDGE

INCHOARYIE FIED. EBHECTION OF AUFERNTRUCTURE ;| RIVETTING CAGES AND HYUHAULIC RIVETTING MACHINES ON VERTIOAL COLUMN ANG DIAGONAL E1RUT.

CAUE FOn DUTLIANG AND RIVETTING BOTTOM MEMBEIA.
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UNIVERSITY OF CALIFORNIA
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EFFECT OF SEA Fiil. CENTRAT TOWERH AND SOUTH APPROACH VIANTOT.

UENERAL ¥YIEW OF CENTUAL TOWERE AND APPROACH VIADUCTS LOOKING NCORTI,

THE FORTY




PLATE XIIL

lh BRIDGE.

oA Y DPEVASTATION "' PASHING THE FIFE PIER.
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QUEENAFERRY NORTH:-EAST FIER, FUTTING TOOETHER 1"FFEN BEDFLATE.
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FOR"

FIRAT LALF-BAY IN FIXED UANTILEVER, BHOWING LIFTING PIATFORM FOW DUILDISG THE LOWHR PORTION OF DAY AND
TOF MEMBEN CRANE WITH FIATHWHRM SURPENDRED FROM IT,




PLATE XYV,

H BRIDGL.

MAKING Q00D A CROSSING DETWEEN HTHUTR ANDP TIER IN FIEST BAY OF CANTILEVERR
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THE FORT

FIFE PIER. LOWER HALF OF FIHHT DAY IN FIXED CANTILEVER.




PLATE XVII.

1 BRIDGE.

FIFE PIEK. CEXTRAL TOWER AND LOWEHR HALF OF FIRST UAY IN FEEE (ANTILEVER,
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RETURN TO the circulation desk of any
University of California Library
or to the r‘}

il

NORTHERN REGIONAL LIBRARY FACILITY
Bldg. 400, Richmond Field Station

Univarsity of California

Richmond, CA 84804-4898

ALL BOOKS MAY BE RECALLED AFTER 7 DAYS f—=

2-month loans may be renewed by calling £
(510) 642-6753 s

1-year loans may be recharged by bringing books
to NRLF |

Renewals and recharges may be made 4 days |
prior to due date
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