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Engineering of 2,000 years ago 1 This aquednct still standing in France is a splendid example of the skill of the Roman engineer and Is evidence of his great share in the
spread of civilisation

The iIIHIll.l:I':q'_ |l|r::l|.||lli.L_l,- of tlie ”Lrian'.l_y oek of Trains, which made its first
npprarmnee in 182, b lel oo wid espread demand for o similar peodu etion dealing
with engineering in genoral and Meccann engineering in partiorlar, We have
therefivro deeilod te publish the ' Meccang Baok af Ingisering '

I thae following piges we deal with engineering in its widost aapects,  From
the earliost times, civilisntion has been dependent for its advance npon the engineer,
Thie notions that have mude the greateal progress hove been those that not onlv
el Ahe cleverest enginesrs, bat also, realising the fmmense impartance of their
warrle, have pwvailed themsalves of the ever-inerensing faerlstics it alforded,

Perhaps the most outstanding feature of the worke of the engineer has becn
lis cevelspment of means of communication. Roads and walerways have been
witally iIIIE":Il'II‘“I.l”. to civilimation, both as I|'|E]1w:|.:.r5-: flumg which merchandise of
all kinds has Been carmiedl and as channcls along which easy and rapid interchanga
ol ideas wmong developing races ling been effecled.  This boole is devoted Jacgely
Lo the consideratinn of the 11|1.:lb]m|'|¢s involyesl in this branch of mguu:crmh

In providing commynicitions by road the necessity for bridges mnst hava
beon folt aven by prohistoric man.  The fact that the art of the bridge-boilder
is ol gread antiquily is roved by the existence of crude stons bridges, such as the
ancient structare aomss the River Dart ok Posthridge in Trevenshire, ancd the atill
cruder ropo bridpes thad are oven now to be met with in wild regions of Sonth
America aml Centril Asia, The immense grewth of traffic by road and eail in
recent times his resulted in the boilding of Tridge after bridge, and 28 an example
of presend-ilay practice we tell the stocy of the building of the Quebec Bridge.

Iniand ﬂ'ELtUT'\.‘\'T.’I.}"GI toary, |y !'llil.}"utl ali L'!LI:ﬂ:||'||r|}' iI'||1|l!-|.1.'.lll!. [t in |:.lt1J'|.'i.{:|i.I1_L1
easy eommunicakion, Tt iz trne that the smaller canols, having outlived ther
period of nsefulness, have fallen on o evil days, but their value to coommerce belore
the development of mailways can ecarecly e over-estimatid,  To-day iobocest
centres mainly on the great ship camals of the world, and we deseribe how the con
strection of these has been facilibnted by the use of denpgline excavntors—giant
machines that tirelessly eat their way into the growmd, dedng os much worle as
mary hundreds of men conld da with picl aod shovel, Thess mighty digring
machines have been of valos alao in the earrying-oont of irrignlion schemes.

Day by day vast guantilics of merchandise are sent by road, rail, or cwoal
to Lhe sl eonvenienl seaport for shipment abroad, while al the same time ships
are arriving wikh cargoes from all parts of the wocld, © Shelter mnsl be peosided
to enable the loading and unloading of vessels to be carried on o all weathers,
aml we show how Lhe use of Portland cement and cranes of enormouws power his
g kbled the cnﬂ'inl-.r_:r {oy baled np strucknres o l.‘luf:.-' the vindenee of Lhie sem.

Finzlly, we show that, in spite of the enormous progress that has already
beseay madde in engineering, the possibilities are acorcely touched, and we visualise
some of the developments that probably will take place n e fulure.

We take this rr|'r|m1't||nit:,.l of achnowledging the voluable assistance we have
recedved in the poeparation of this book from the Tominion Bridge Company L,
Momntrenl, in reapard to tho building of the OQuebec Brulge ; Ruston & lr}ln1‘s|n
Linitedd, T.i|||_;rr||-|‘ dragline exeavators; and Siathert & Titt L Imifed, Bath, hilock-
setting cromes,

TR RTTIT



SRR TR b

=

U fabase TR T T

I Ty RN

E The very carliest beginnings of civilisation appear by a nelwork of splendid ceads, many of which

= to have been assseiated wWith enginecering, for stll exist or have become the sites of modera

= there is good roason o beliewe that crops of roads.  Cher signs of Homan cecupation arze

= grain for food were raised in peelustoric days ta he seen everywhere in the ruins of the mag-

= o terraces that wero cut cut.on the hillsdes near nificent buwildings, bridges and aquedgcts that H

vl rivern 10 order tliak they might easily be swppbiad tiwey constructod. ) i

' with witer by means of coude Biting or pampang Boads aml bridges andosbiedly  provicded g8

= appliances,  The creggation systems thus seb up the ongineers of early days with their chiet =
were the begimnings of the mighty developments op partunities Both bave always been of vital E
that are seen at their boesl io-duy in Egypt and impartance in making communication  easier E
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HE story of civilisation is very largely the
stary of enginesTing ; in fact it is not 1od
rnul:‘]v.'L tp say Lhat no nation has ever

become eivilised without tha :liql. of the engineor,

1k Sudan, where huge dams have been built 1o
enable the woters of the Nile fo be wsed for
reaewing the fectility of Lhe socil.

At later periods the nations that rosn to
Ereatness wore always remarkakle lor same form
of engincering elili.  The Egyptians wore famous
for their Pyramids and theic wonderlul teomples,
practically all af which were examples of eo-
HINEEring “ability ol & very high stardard. The
largest of the Pyramuds, indeed, still posscsses
the distinction of being the greatest mass of
masanry ever erécted. Moat al the stenes of
whigh 1t is butlt weigh [rem 3 to GI tons, but
in spite of their size many were actually raised to
a hosghit of 500 It above the graond after having
becn |.|.:]_|:|5P:|rL|~|,I_ from far-thstant IIJ.'.II|I'1

An even more SUTPTNIENE ex0 mple of the
manner in which the Lgyvptians bamdled large
masses of stane o bmlding s furslslod by Lhe
stone oul of wiiclh o statee of Iing Rameses 11
was hewn, Tlos was discovered at  Thebes,

The EIngineer and Civilisation

particularly successin] in road making, and the
straightness amd  the weiring qualities of a
Eowman road are now proverbial.  Every country
they conguered and poccupied was guickly coverad

and i assisting the development of trade and
the opeoing out of the natural rosources of a
country, The Romansg reslised this [ully and
the road enpineer of a proviner of their wase
BIpire was a very :irni'-llrhn: official.

In Brtain roads of o kind luwl been cones
structed even before the Romans cong
the isand. In Comwall, for instance,
wern tracks mode of stone bincks aver which

most probably tin was carmied te the coast whero

the Pheenician teaders awaited it while similae
roads existed in many other parts of the eaunley.
The Homans developed and extended the rowd
sysbenn cxtensively, pattly o enablo their armies
to miako L'.'L;'utl marelies (ren ome fortificd o
ta anothers, and partly alis to open up the con
for  trage [rffroscs i':\:.l.11:|]:l:':'_"i ol the

comitrocked 177 Hnitamn I‘:'_,-' the [omans
sbill Lo seen, as the efficient drainage provided
artdl the hared rinlure of the stone 1|.>.|'v:’ fnr paving
mady  themrn le, Mo finer
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§ hundreds of miles [rem the neareat fquarry al the roads were huilt, in fact, wntil the time of tic

= tod prasite of which it is composed. It s G0 [t [amons engineer Leliord, neacly 2000 years later,

= in ||_~||Hl|| amil 1is weight s been ealenlabed at Adier the Bemans lefl Beitain the wonderful =

=] not Ieas thon 347 tons. The quareving ol Luildings  they bad erected  were  treatedl as i3

= tramapart of such o hnge s wul..l.l present a quarfies, the stone belnp remowved far vse in =
formidable prollem to the enginece of Lo-lay the ercebion ol maaner boildings, and most of I;-,
with all his wanderful machinery and n.pp]l:.. NLE, e of the engineeeing woniers of & past ejviijintion, The Greslt Pyramid of Cheop e vouds [ell into disuse amd graduoally became i
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amd it is little short ol marwvellous that the Egyp-
tians, with their erude mechamsms,  should
have been able to carry out sucii a g:gr.mn: Lask,

An even more remarkzable instance of Lhe engineering capaeity of ancierk peoples is
furmisiied by the hugo block of stone, 68 it in |1.|1.p;1.h pnd catimated tooweigh 1500

tons, that has Leen uneosversd at Banlbek, Svria,

The Romans :m:h:n_bln:::ll}' owed a grc:a.r. part af thor _'n.p-mum'.' to tha skillul
use they made of enginecring principies in the construction of large war machines
of the catapult type and in the lortifzation of their camps,
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is Lne barges| mass ufmufmr:’ Inlhe warld,  Bany of the blocks of stone af which |1 s
bulli welgh S0 Eo &0 Lome, whille $he bigheal plomes were radied nearly 500 fL above
ground level.

eovered with carth.  The partial abandonment
of Lhese products of ll‘ﬂl:'ml:"“l'l g shill was due ta
the burbariem amid fack of understanding of the

Anigla- Saxon invaders who soon doscended R the ||n|-m1.-rtft|:|. canntry, arl 1t
was not until these peo ple in their turn began :u pay attontion ko similar negessitics

that civilisation in Brtain moved forward once more.

engineening age.
Thear engineers were

rogress wes very siow until
The first important step was ‘talen by Watt, who so much im-
proveed the crode steam engines alrendy in wse that he s popularly regandod os the

the beginning, nbout 150 vears ago, of the great
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Steam Power changes the World

aetual Inventor, Adter

Railroads make Western Canada

Wattl had made this .'|.||||:-I|.'
sonren of power aviilable
aninaing alrides were mado
1 bnduntry and conmaerce,
most ol the credat  lor
wliich most T atienhwdodd
ton the preatl engincers

Tl sl Eaenilinr ol
the s o wlneh 1w
SO e e Wi el wis
in the constrncuom o
Ietnmalives,  As this de
voelopanent come ak o tine
when & splenadid  romd
Lysten Il Leen creatod
by the lalowrs of Lellord
wrel s swceagsnes, gloam
loEomiotaven wiere ok fiTst
i||.1.1'.||||'|! to run oa tha
reerds,.  In thie meantime,
howewer, ralreads  had
besn  made 1w varows

vt of the country, on

whieh wagons were drivwn
by heases, and tha soit-
ability of these for the
new method ol haulage soon bocame ovident, Lomgely
through the nboues of George Stephenson and his associates
in the north of Bngland, and of the pioncers of the Baltimon
and Ohie Railway in Amecien, cailways as wee lonone them
to-ddiny came inbo existence, and thus Lhe empgineer toode o
pgreat step fotwarnd 1 Lhe worke of maleing e neation
CHHN

Steamships alsa becama of comiercinl bmportance
They prew mare noimecons and progrossively lnrger, until
their prreater speed aod capacity for careying cangn, together
wikh Ll |;u||'||,|.||;.11_i‘-.'|_- i;|'||J_|:|:||:|||I|:|1i.;|,~ asl vepather comlidions,
enabled them to displace sailing vessels aloos b comnplelely

These proat engineering developments weee produetive
of resalts in all pares ol the world alinest mmediately.
Tl 11'.|||1'||l|l||- Troncht Lhee okl worledd el tlae niew Dt
choder conlaet wmd Roitted the vaciows parts of the Intter
|ug¢||||:1. Arilain EEpechd illy Iu mcdiLesl le Lho cluinpge, as
the Lines rl,'n:||||n_'|_ for he ]:-|1|||l'3,-'| Lo Ciwitnala, South
Alricn, swmtraling, aml Mo Foaland were l',l'l":li |.'." sliortemel,
This ledd to o more capid developmont of the resonrces of
Phiemar prent comnlries, ad the rate of selthement was greatly
Ineri 'iI!!'II.

Kalbways aléo played o greal part in the exploitation
ol the natural wealth of these and ofher partially de-
veloped countries.  This was garticalarly nobewortby in
Canada, where [ar-seeing minds called on the engioeor o
construct a line to stretch across the |r|1i1'i|:n to 1he Pacific

g Lrude frragativa (0 Hgvpl dider 10 ghalo
pods, & melhod that has been used {or Lousknds of years,
of the dize of Lhe buglding snd of Ehe magnpude of Bhe taik of ife buiBder.

Coazt, A similar scheme
hal nlready been sarried
ouwl fwrther south, and
il was thought that the
o new Toad would at least
make communication be-
fween the seltlements on
Lhe easl anid west coasts
ol Canada easy, as the
raclicr roml Bl already
ome fesr Lhoge  of  the
Llasplen] Silanlos

ASclually Al sweccessial
|.l1||||r|¢'l,i4|1| ol dhe Can
wclion Pacific Exibvar
Ll pew line was cal
tlid far more.  Prior o
its construction the easiest
raule Lo ".'I."i11r|i||-"|'1' sl
the Woeskern Provinces of
Cpmielnn leq] thrr,\ugh the
territery of the United
Shnkns, while Tritish
Colambiia was alss more

te |EEge wosiden wineels ugned by & came] or bullock ralse waler 10 earimen= | 4 (1L E n
ilkelow) Tirs pholegragh of the enltanoe to the Creat Pyramod gives a good idea bt 1'15¢|5' i eontact with
Lt hax Been calealiled fhsl ji conlans 3500 800 bloeke ol abose,

the latter countey than
with the rest of Coanada.
Tho railway opened gub an easy route north of the Great
Lalees and bridged the Recky DMountains, thus malciog
Canada for the first time a really compact and soli-con-
Eimnix] lLlrriIlu’y.

Fiv melelitiofn tise raileecu] incroeaseid Blus rate of setile-
mont enormonsly by prosidingg e to tha rich praine
landds andd n menns wherelby Lhe geaon that they produced
comlil b n.-.:lc[:n':urtq'nl The Procass s since Hon con-
Iin|.|-:.l||l-.|:|-I Al |'Ie'r:|L4'r1l|:._lr' the comstruztion o o second
trwns-contbnental rulroad and of pomeroos Geanch lines,
1L s o exapperalion Lo say that Western Capada has been
made by enpmecring, for it condil net have become (e
thaiving region that ol now @5 00 the rallromls hadl st been
ool Tuelel

Ewamples ol the i|n|11|'||-<a'I!,.' i|t|.1u|rr.|.|'|l part Il.il!.'Hl
Tiy Ti'|1|‘|'r'-1:.':‘1 1 Al |I1:'|'1:I!|r|m||*|1l ol neww raonnteies ool
T given lrom almest all guaebers of Lhe cacthe Thee first
question taised by any country desining to booog new
repions within Ahe sphere of civilisaticn s invariably that
fl the constructinn ol a radeaad,  This helds froncd in alf
clmiles.  Wenwva in the tropices, amil Manchorii in the
cetreme norlh of China, are both onderpoing develapment
along newly constrocted ral roads, aml inlo the dense {orests
af the Congn aml of Brazil, the northern praine lands of
Canada, the fertibe valleys of Chinn, aed the ancient and
productive countries in the hinterland of West Africa, Tail-
wiys are being pushed [orward as heralds of civilisation.
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Waterways that Link the QOceans

The extensicn ol Tadl-
todcdd o ldlerbo imaoeess-
ibly parts of the earth has
not bean carrcd ol enaly
amil 1t bas heen necessairy Lo
lecn muany v e Uy ol
Lerielging rivers and  Laofog
tinmels through  mouniain
ranges. Someof Uo greplesl
Coandsamy bl sk v Eaean ol ceder wie
asenbioas s [ R R TR
tav e onpgomeser’s oo uesd
of the warld [or civilizatinn,
A calalaling exonmpluola
baadge Lhal apened an cncare
aenas ekl for explofalion
15 that awver the b
Hiver  mear the Victoria
Falls, 1t made pasilie tha
cxtension of tha radlemul to
the valualde gold ool copper
inines of gorthern 1hodesa
and Lthe borders ol the
Cango Free State,

Other instances of ihe

indluence af the engineer are
provided by the Sue: and
the Panama Canals.  Tntil
the formor was opencesg the
most conveéniént route feom Dritaia to Tndla
wig araund the Cape of Goad Hope, and Calouttn
witd Teached as casily a3 Bombay. The shorten-
ing of the journey benefibed [ndinn trade aml
commerce considerably, o [ack that was made
cvident by the phenomennl pgrowth of the port
ail f'l-nm.lr:l:l.r. This ity |Iihp|.;||'|'rl Caleulla
wd Lo prooncimld purt ol by, bal severthodoss
Caleutta continued o grow el floucishe Tha
[ Capal an Fact paude Teanbay in exaelly
the sounee way as Ehe Comulinn Pacie Ralway
e Western Conlie, Yook g nwesthier e ol
am g odber bistocl soller Teoan The dessedopent

The Pavama Capal is proving egqually well
that the werl of tho englneer s poe of the chiel
factors an devclopiong and extending civilisation,
The meve foet ghinl il ia o lpnper noceasary in
make the dangerous voyapo oround Cape Hoti
is suflicient justification for the existenco of the
canal, aml machs the sogincers who congbructed
it as benelaclors b 'I'|:||||.'||||r:,.l [l thas, 1
Il curmpa rakively few yrans ol ki oxistonce Lhe
civnal Tnws alrcacdy bead toe o prreeat i swr fn blie
v tanco gl Che connlries on the wostern slopses
ol il Aocdes and of the Kocky Monntains,  The

[Above) The Slatug of Rameses [0 fownld a1 Thches,
wiles wway, it agite ol it weight of BET toms, | Delow) The fargest Mock of glong ever guarricd.

L was carved foom bosingle Dlock of @ramile drangantl

an oy suemise Dew 7 was Daadiol by Lbe ancienl inhabitants of Syein, witere it was fonds

fram Amouan, hundeedi af
I et maled weight 46 1,500 lons, and we
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The Era of Electricity

.:mll:ulun{l':n[[ prowtl of Tas
Ampelesigastrloing example,
This 38 due alimost anticely
1o il prowing wvalue as a

sadport. I the United
Slates  bL actoally canie
scenml Lo Mow  York, o

prosibion Lhak L ewos Lo ila
Gowadralile sibualion as Lhe
tepresd gl in Uiawhaliimnis
Pow Ul Pwmanma anal

Abesap woid b thie dovelops
menil ol e vaalwiw wnl The
Hll".lllLMlI.I‘l- kg lost e
[SEE R TR TTRTUR § [EH] .|.||.||'I||-.|Im.||_
ot o coibinisty loereasing
senle. ol steam pwwwer in
il:uln".try '.-}l'.riu:l'.i.nL: ol
s i all their branclics
Lieme fi el '-:||I:'.'|1_i!.' Ly Ehiis,
weliile prodise bion i iran aned
slecl-works Increazed enor-
Pl Y i akkomp s L cope
with Lhe deémanils occasion-
] Itopew appheations of
siachinery. [ addition, the
coal industry wilnesses] an
almost waprecedented  n-
oreade in L|1|1.|J||.l., as  Lhe
pessession of cheap and abuandant fuel beeane
the [oundation of natiomal prespersty.

The early altempts o inlroduce Stelm-power
inte indusivy were roecdved with some lustitity,
Lot the grector oolpel made possible by the
usa ol machincry led to Inereased prospority in
which nll clnsses sharcd, and Ehe peejodics againgt
eliery s alimest completely disap peareil,

Thie civil aml swes hamical EOEHer 11 lasst
[SERR ETARE |-| weenl peismrees ol her b woslrvoomued ol at
tlac dhiapaend ol manloined, with the result Lint ther
s 1 bl el dnproveiend o L he ganeril enn-
iliticn A T pid Uk opuiar texe oF Ll gl obse wlier
these infliaeieo has been exaclod.  Theswe bwe were
joiwedd lnter by the eleetucal enpuseer. “Uhe lak e
mtroducel]l wn endirely nes power medisnm Lhat e
winily  prencealed Trean meshaosbible o laral
sooncas il iy Te Leanamd Clend Leodlistanl |.'|Ili.II|_'.
g very sinple manoes, The Taull exlenl of e
wselulness of electeioily has yoel fo be realised
Ciwil nwel machanical sigieers, loa, have by no
tas peaghie] lawie gonith, aoe it is gqoite certaimn
Lhalb eupieering peinceally will in tome play an
EYEMm 1IHEE :II|I|'L|I.'|.|II.| '||.I|| i Pile ehiseie (L aloes
ik e presenl alay
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The Story of the Quebec Bridge

T]-'[E Cucbes Eridpe i ono of the three greatest examplas of the cantilaver
type of bridge, the other two being the Forth Pridge in Seotlaml and the
Iiackwells 1sland Bridge, Wew York., Of these thres, the Quebee Tridge

i the largest, and the story of 1ta boilding i= o thalhng ane,

Ihe dictianory defies the worl © cankilever ™ ps meaning a projecting hrackoet
that supports some other objeet and a simple cantilever bridge @8 one i whish two
shore arns support at Eheir extremitics o centre span. These shore arms project
outward over the Tiver in the form of boge ceechonping beackets, and ars known
ns cantilevers—<hence the noeee given b Wiis bype of Inddge. The nome ™ canti
lover " ds desived fromn the Trench " canl,” meanimg anple, amd * lever,’ to raise
The eantilever |rrinr.'|||-|vn oA wery ol one, hoving been wied handreds of yenrs ago
in China, J.'||1.'||:| ard Tmline Tlhese carly striclores were, of course, very primibive,
mawd the Lype developel very Tittle il comparatively recent years

An excellent deseription of the contilever princigle was glven hy Sic Denjomin
aker ab the I{‘:::L'.ll Instilwbioin in the conise af a8 lectuee on e Forthe Teridpe, On
this peoosion thie lecturer exhiloted what be deseelbed as a0 living model of the
Forth Bridge, arranped os [ollows -—

Pweo men silling on chairs extemded their arms anl sopparted the sune by
prasping sticks butting sgainst the ehoirs,  This representod] the baw doubles canti-
lewers,  The eentral Ueam was reprosented by a shoet sHok slung fom the near
hands of the two men, and the anchorages of the cantilevers by copes extending
from the other hande of the men tooa couple of piles of beichs. When stresses
weres brouglht te beae on this svstem by o land on the central beam, Hha maen's arms
ond the anchorage ropes came intn tension, and the stiels and chair-legs nko
Compression.””

The preat advantage of (ha cantblever eystem is that it permits the cantilover

RAGE FOUm

arms to b boilt out in pairs on cach sile of ther tewers Inosueh @ manmer 835 1o
balance ane pnother rl|_|1'i'n|3 constroetion, thus 'r:-.m'lrrirlg external SuppoTt UnnecEsaTy.

In the early cantilever bridges erected in Kastern countries the shore canthlewers
gonsisted of a sorics of soperimposs] horizootal wooden beams, eacl successive
beam pwojecting o little Gotber owver the stream than the one immediately beneath
it,  Wheet the pap betwesn the bwo eantilovers hod Leen redused sufMieiently by
this means, it was Deidped by o central beam, the ends of which rested wpon the
cxtremities of the uppermost beams of the cantilevers,

Diuring the past 5O years Lthe contilever principle hoas been adopted for bridges
consteuetad of metal and hoving apang of considerable wilth, “The first true metal
cantilever bridge wos erectold necoss the Miagara River close to the well-hnown
suapansion beidge,  This enntilever bridge win opened Tor tradiic in LHSE.  Twao
steel picrs Tising fremm the stome feapulalions earmoed canfilevees having an overall
lempth of 295 ft, ond these i Loen supported a central or sospension girder 120 0k
in lenptl, The maln span, irom centre to cenlm of the plems, was 493 0L

Some lwo years Mater oocantilever metal bridge was constricted across the
FFrager Tiver to eorry the Canadian Pacilic Rablway,  [n this cose the clear span
measured §15 i Subseguently the contilever principle wos adopted for bridges
lwing more ilan ome span, the additional contibevers bomg Ludlk up on plees having
tlieir Toundabion in the river bed, The el atriling example of Lhin type of bradge
in ez r|1:'|ﬁ||.|!|rr'1:|l: stevcture that earrles the Lenden and MNorth Enstern “ﬂﬁﬂ"il}'
peross the [Ficth of Forth, The Porth Bradge has an overall longth of HZ906 1,
of which the cantilever portion meeasures 5349 [, and includes three monster douhble
cantilevers and two intervening suspended spans. The total span between the
towers of the cantilevers is 1,700t Fach canlilever projects GBO L. amd the
vertleal eolumns compnsing their main towers are 361 Mk alowve higlowater bevel,
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Development of Cantilever Type

. MECCANO BOOK<«ENGINEERING
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Fate of First Quebec Bridge

Tha susppnded aprns are
each a5 [L, o0 length,
The Blackwell's
Island Dridge, New Yaork,
in anotler striking example -~
of the cantilever type.
This bridge has a totbal
length of £,724 {t and has 2
four cantilevors built wp
from piera, one on each - |
shore and the other oo < "I-I
i the island w the fiver. = L
The cantilevers are joined
together without any in-
Bervient ...".l|.l_*1.:|.5.:.l.-.l'.‘r1

- Irh]

the clearing of the shores
fur the erection of the
approach structures and
the  preparations  for
Luilding  the two plers
in the river, I 1002 the
pier nearest the =south
shora of the river was
I vl completed, and then com-
menced the preat work
of bailding up the sauth
cankllever ol the bridpge.
Mosth by month  the

R 7 I mass of steelwork Tose

highier  and  baglor,  ail

= ¥
amd  in this respect the cradunlly projected
bridge  liffers  notably farther out over the tiver
from the Forth Bridge. = ES ST Y = By the summer of 1807
The five spans of e i § the south anchor arm
Dlackwell’s Island Bridpe L and about one thisd of
are all of diferent langtha, = i - = its cantilever span haod
the shartest being 458 [ . . been evecled, the whole
nnd the loagest 1,182 It. E extendlpg over the river

all  the foregoing for some 200 {2

bridges, even that acress i . ", . S50 far all had gone
the Forth are eclipged well, bul ane doy am
by the (ucbes Brodpge. P I H " alamming dncident eogur-
Tiis bri.djg.‘-: wiis holit Lo - T e . e, It was mnoticed
coable the provinees east- iy ﬂ}'ﬁw that the bottom oF com-
witnd of the St Lawrence e Sk, . o - : i B - pression clherds of the
River to be finked up with il L o 50 5 - L anchor arim were lending
those to the west by oyeans Pt Ry T L - Elilﬂﬂll}’ umider the 'F"I'
of o grent trans-gont ahatograp the souditern candileves of Eee fargt hetdge.  The paotogesnh was laken an [he 380h Aupast, 1907, immediziely betore menidous siram P
nental  rnileoad, The Choe gl e (D e« ' the fanu::v-::r'cuilal?nw ’ . apan them. Word s
charter nuthorising  the gent  burriedly to the

eomstruclion of the belilge was obtained from the Dominion Perliament in 1882
Tl ”|Il:l|l,'l!|--l;|.:|,||_|1|4_'|'_1_‘|] Forth Eridge wis r-':;.!.'.r.il:ll s :.II::r-'.i.ng |'-l.-1:i‘.'i'.'l‘ [:Eﬂ"li of
the superinrity of the cantilever bridge, amd it was patural, therefore, that the
enginesrs callad into consultation propesed that the 5t Lawrence ,_'1|.Illl.l|ld T spatned
by a structure of this fype.  Ar the place selected for building the bridee the river
is neariy 2,000 fz. in wideh, 200 {3 in depth, and Aows between anbs 200 16 in heght.

Mo definite action was talen until 1887, in which yeor the {Juchee ridge anid
Railway Contpany was incorparated. A desgn far o contilever bridge was accopted
from a Few York enginees wha had spent eome three years over the work,.  Tenders
were invited and ultimately the contraet was awarded in 188 ta the Phonie
Dridge Company. According to the contract the bridge was to cost 02,000,000,
Tt was to have a total length of 3,239 [= lneloding two anelor arms each 300 It
in length, two cantilover spans of 5821t coch, aml a central suspended span of
675 t. Constructed to these dimensions the bridge would have had an overall
span from centre to contre of tha cantilever towers of 1,500 {t, Uhos exceeding the
span of the Forth Dridge by 90 (6. 1t was Lo be provided with a single deck 130 1L
in width, and ilis was to accomnmuslite oocond, two povements and two Lramway
and twa raibwiy Lracks,

In due course work was commenced.

Among tho frst tasks corrird out were

A TR N T T N S T O T P T O T R TR PR TN IR R DTN RYRA TR TP EREETRY 00 T EE iR e

consulking enginesr, na doubt in antieipation that Lie wouold order the iminedinte
withdrawal of all worlemen from the bridge wntll it hiad been minutely examined.
for sume unexplaived reason o command to cease operativns came thoough,
howewer, amd work went on as wsual

On 39tk Avpust 1907, came swift ond terrible disaster. Shortly before work
was dug to cease for the day, the compression chords of the south anchor arm suddenly
crompled up,  The entirn canbilever rocked wviolently, aml with a fearlul erash
collopsed upon its pier, carrylng with it the 86 men who had beon at waork wpon
the ezection at the time. It wis obwviows that a large oumbee of these men must
hawva perished, but immediate stops wera talien to sesist the sorvivors.  Ino spite
af ol afforts, however, only {1 men were rescusd.  OFf the 17,000 tons of steel con-
tained im the structure, some 8,000 tons had Lllen into the desp channel of the
river, while the remainder Iy sstride the pier and along the ank—a gigantic masa
af girders and plotes 40 0L in Leight, twisted ond disterted nlmeost boyond belicd,
Tlues bie o few mrinules was wnddope the labour of three years.

This terrible entastrophe cast o ploom aver the country and ceeated utter
comsternation  among  beldge-Lodthling enginests, A searching  inguiry  into the
cause of the disaster was institutend ot ooce by the Governmont, aml a Royal Coamn-
inission was appointesd bo exomine the wrechage,  Inodoe course, the Commission

LR (R |

T IO L EV R ARNE s o

85 E - U

N I A

LI TR TLan

LI

et el

L

HEEVRLH

[EAS T

TR

t i)

kL

AT

VT TP F R e R T S R i N TR TR I DS el d e

PAGE FIVE



|

I

st

RN

——

.
INERIEET

TN T T ORREEEIT 19 1]

e L LT

IR T PR TRV LT TR L LU L

RO L AL L0 TS 1- MECCANO BO‘OK‘UFENGINEERING

1l [[I‘.[II.II'.I|'.'|III5:]J.iI.|IIIIIIJ:I§

1:1[r||:1:-1||m|1||"1: LIEATTRTTH |:||'|1|r|m|r||||t||IIII|||||1l!ll.rt|||!llh!lllhl:|1lll'|IIIIII:III!lfrrII!IIII.II:H!IIIIl'IIJr,

Proposals for New Structures

wtnib b Lhedc vl in
whicTe Ty I.!Ju|lll'“\'il'\|| 1l
wspmmnae thal Al acehilont
Tl bowen due to grror bn
Pwe dlesipgn o bbb
ol the biewdiee, bt bbbl
|||.|1:|.I_'.' il 2ol Ill'.l.l'.l,i'::-l|
kninwledpe of how o ||I:|||
aml prepare for o struetore
om such o Lige seale,
The  newd Tor Bm
proved  means of oo
miunieation aerosy the St
Lawiunes  [iver  still e
mnined and  was  eapisd iy
[;Tv._'nw'in;; e sl _lL
witg clear that, L spite
af the disastor, the |:l|."||'|.|’:ﬂ'
muist be boll, snd  the
Canmlian Government tonk
the matler in homl,  The
sharchaliders of the Phimnix
]'_’:ril,lﬁr_- i_'.nm]'\-nn_'.r WEE
r.nmprw]nlr:rl fr thesir
finamcial  lees,  ancd the
Minister of HRailways and
anmls appointed n Lecks-
nleal Raoanl bo dexign 2
neve cantilever Lridge. The
JI|'.I:| wltirmztely |i'-|1|: Tiix
wirtl by the Board wis
on e less ambilons =enla
than that of the Tonix
Trilpe Company. 1L wid
preapogid 1o bulld & eanti-
liswer barjelpe S8 0 oo wileh
el lvvog o omam cenlrad
apuen il 1WES Tt Pl

TR T

PAGE GIX

reclinction of roughly St
in the length of this spon
meand that ome or hobh ef
the existing piers woulidl laove to e moved Lo oo oew pogition,  The teaffic facilities
of the bradge also weee retluees] owl eonsistan] only ol two eailway treks anl oo
ety

Tenders were then Invited from prominent engineering  frms, and In seder
thiad the hest posstlsle desipn of o cantilever bridee might be seeorved, the Board
wlloveed ecmpeting hrms the option ol ll.'n-:lrtuuz sither for o lsriclge g propoael by
the Toaed or for o structure Lo the Bow's own design, Thiz far-slghted pelioy met
with peneral approval and no less thon 85 tenders were subidtted, I|Ilil‘|‘lilt1.'|.].'
the Boand selected o tender put lorward by the 56 Laweenee Dieslge Company,
an oreantation speially tormed for the ocension, aned combmang the mtecesis aml
resources 0l the Canndian [ridge Compoany cuwd the Domdnion Brddge Company

The r'Irq'iEn s bmitked '|1:." the 5+, Lawrence Iil'i-eIl:_r- f_‘.r_|11||1¢||1_l..- comtained severnl
features that aromsel] considerable interest anmiong civil rngilml_-ﬁ_ This was

Conecting up wel merlcr AL e goivige of 1he lakge poik over
Lhe main pler

Salving the Wrecked Bridge

parbicularly the case
tegiini] Lo dhie s b Tonimidangs
Lher  steel  doacing ol Lhe
chntilevers il nmehnr
mrens, whael worne foslioaom
wller  bhe  letter ™ K.
avveril  advanmlaEes  yeera
clormeil lor Lhis ey system
ol |'_|||I| r i nyr, o ru'||||=
that the varions 15 ires
cirile] b an sleel withont
the necessity of fiest eree-
ting falsoveorl or lomporoany
supparting membam,  The
e lelen wein nok il opateed
lnstily, anel 76w nolantil
the Bonnd had consilered
cavelally every  orthodox
aystem of girder Leoeing
that they decided thot the
new method was Tolly as
stromp anil reliahlbe az Ay
nl the wothors, whele it
o rired wery fovouacalily
morcgand Lo Jppearanes.

The suecesaiunl design
was for o sleel cantilever
brilpe cstimateld 1o cost
UFA NN, T weas te e
me overall  bengih ol
WAL, comprising Two
approaely gpanes 140 e, aful
208 7. in length  respec-
tively, two anchor arms
cach 515 [t in Jengtl, two
cantilever arma cacly SHQ i
in length anedl o eccntral
wpom ef G40 0L The Lrafhic
limitalons wndicaled in the
anrl"s  awm '|1'|.|.||. e
nlmerver o the soccossipl
lesipr, in which the wide wallks were shown s 5 06 o widlh wmd ha two callway
brigeles woen plager] D2 L apert, Ono oodition & Uhe eonfract wos Chat £250 000
in gash bind Lo e deposated by the company with the Government ns o puarantes
of pood faitly, and this woa pecerdingly done

The tasl of salving ag much as possible of e pile of tamcled stes] gicders and
[t Alint rapresented tho fermer partly-buill bridpe was commensed by o salvage
party of 25 mon in Decemlser 19048, Charges of dymomote were used to break op
Lhir Banwy masses of distorted stee lworle Iyving asteide the stone pier, and oxy-acelylane
toreles were employed to cot up the moterial into portable sections,  Sa well
il the men work 1hat in pine months they socceeded in removing about 5,000
Lok of serap malesdal, which was sold in Montreal at approximately 2 10s (il
per ton. O Bhe sum thos realised GRG0 wos paid Lo the salvoge party. The
portian ol the wreelkod bralge that b senk into the channel of the river lay too

fine seeilom of ihe |H$¢ link belng placed In poslilan st 'he top
ef he makn Mer past
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= Re-Building C d ' ' :
g ng Commence The Operation of a Caisson ]
- | =
E deep to inters : in an 4l 5
L [,,.:::.““, n.:;hll pregiure that B
g E]ll:‘r\t'l.rllﬂ' I nes PrE R Ay E
E .:H,r:ll]:.l WAE :':.:ln,srp,-“:::'mﬁ E
g ::;1:]_ 1L’:u ro- I ko the cuat- H
e t X o ng eilge, As H
B tract i Ll the mabecinl i
- rac in  re- : . s excnvile] B

spect 1o the L 44 R " i
4] Tonnd nlions 4 ; o
g lor and (he K =
= eregtion of I | .
= the picrs to < =
B 4 et L ! lower =
= Oreaci 4 -
= and lower as =
P ways and [ W g
B cantilevers e . g
= '.-.1;- ] rperiicat RO g AL L
= witl {Above! The suspended span, nvimg been floated down the river and Oged bo the halsilng ck {1
= ing chalns of ke canfitevers, Is Being Wauled up o posd i Th | I k

dian T At 40,40 a.m. on the 116h Ssplember, 1006, Just before U span collzpucd. (Dewnw) The swoiknsen bfe sfen :|H:|||:|n|,, :.:"1p:c.s;||l::.un’ u':; ol nn:._' I'.w'.?"f.‘:'.":?;'.:ﬁ.'.l'i ::

MPRET.T N
& ravas, Thae =£ & 1and " "Ir.:lrll:

b ].m_r-t erocteyl 1 Lho rever by ke IMioenix Tridge
Company were wn good condition—the south one
having suficred little frem the colispse wpon it of
the steoibwork—but tley woro too shork and wn-
suitably plaeced to be of vse for the new beidge
gnd wera therefore demolished.

The nmew pier near the sonth bank of the civer
covld oot be established unkil the wreckage ol the
former bridpe had been removed, bot the con.

dlways spegially selectol, as the stexin is so groot
that only those of the finest physique are able ko
withstand it for [ong.  The demsity of the air
preduces many cusious efdects, sucli 5is exaggerating
nolses e an almeost alarming extcl.'..... Voloea alo
gound harsh and qoite d: !’cr:nt from their normal
tones.  Tha werst feature of o}, Nowever, is the
troute known os ' Caisson Diseas The symptotns
of this disease, usually intensely severe

EENN ST R AL R T 1

:

UG RHET e T

I

,‘i‘lll!l.'lil'l!.ll!I[Hm.'l!ill’ljulﬁal'llllrl BERE TR B IS TG A R T2 0 4§ BT A T T L

tractors soon got to work on the construction of the
pier for the north cantilever, On the north shore
a large wooden buwilding was erocted in which to
conecruct the massive calsson for the north pler,
When complsted this caizson had an oversll lenglh
of B8O {t, was 55 ft, in width, €8 ft in height angd
welghed moughly 1,600 tops. It was successfully
launched and then carelully towed to the picr sibe,
wlhiere a cavity to recsive it bad been oxcavated
in the river 1 by dredpers

The caiszan WS 4 DL of sitleng bosncda-
tions 1 the bed af o river, and in 'Ill:l.rll;ljl|r_' it may
by rogadiled as o diving Lell af coocmons size 1i
is cvlindrical m sl Ll etther of steel or wind,

amd in appesrance s oot unliee a gescaseler,  The
cylinder is closed ot Lo top Lut open ot the bottom

s o osharp eutting edge ol steel,
When the catssran is sunk, the estting cdge beds
itself ovenly in tho viver bottom.  The lower part
ol the caisson i rendered airtight L:.' mnane ol &
slrong partition ftted acrosa it,  The men engogel
in the task of cxcavation werk inside the chamber

nnd the latter

ihe joints, are not felt in the comgpressed air, but
meke thoir appearunce wihen the air pressute is
roduced to normal, The mischief is caused by an
excessive wmount of nitrogen being absothed by
thie  leloowd,

L tlie process of reduction of air prossure is
lLl.rrirr: the results pee exteemely unplessant, and
oven danperous, but if the transitien takes place
slowly, little ingenvemiance 8 folt Frequently
dilfeulty 18 ecape o making the workmen
sty in tha aie l e the pressate B gradually
redueed amd e excess of nitropen e 2] by
moats of the lesgs When Lhie necessary e
cambions iow feploctadl, anedl 2 man oo reaclhing 1l
opmen ir b altacked L dinense, e anly
muthod of giving Lim e v him back
inta one of th i boehs and inore the preasuTe
apmin,  sibscquently  reducims  iE with  extreme
rlwvnces

Wlnan salvape
were sulfiziently 3
I comipleted, th

erotions at ihe south shore
ol ane 1he north fruer el
squipment mseil 0 conneciion
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£ Manufacturing the huge Steel Members Constructing the Cantilever Arms |
B E
= with the latber wos diss ' D40 toms ancd mowved alonpg B
E mantled, shipped  ace o dauble set of rails, E
= the river to the south side, one Get on each side of 'fli
v wnd theee re-erected, The the runway .E.I
4 eaisson bailt for the south The working season =
1 piet was similar to it extended Trom abouab the =]

I

IR T

cofstrueted for the north
|;'-i:_'r Tt wws  soomeavhiat
smtaller. Sorme 3,000 000 1t
al Lhinler aoel 7 tans
ol Loty seere el in
cesnilrueting the Ly
[HELL TN T

At thal time Elers

&
SECE i "rll.:I.LII".'I'H:lH !ihllll!. ey 7 LJi :
mo Conada equipped W 2 i-ii':..ur;. Emj"d e

manulacture such  hu iy

be vk o o l|_.+!.—'\-l.:___ T Tk s
steel members oa ode %ﬁ&’"ﬁﬁriﬁ :I""

required for the bodpge
Spwain]  workshops  built
ol steel and FILAGCNTY, amil
Usewonghly eguippedl  for
the wark, werme therelore
crected ot Montreal at o
cost of L2G0,000, I order
to enable the erection of the bridge to Lo earried forward
s speedily as possible during each working  season,
storage yanls 500 ft. in length were Iabl oot on Beth
shores ui)tllc tiver ot Quebes. Each yard was equipped
witl overhmul cranes of 83 6, span omd 70 tons lifting
capacity, while an elaborote system of railway track
was lakl down to enable S0-ton locomotive ecancs to
b wseed for moving Lthe hghiter malerias. The utmost
care was talien to emmora Lot the sbeel membsers manu-
factured for the 1!||l.|g|.' W .||.'-.:1|ru.ll:]ll.-' cisd ol fikbecd
perlectly one lo the other, so ehiat when transeorted
b the site sl joaned fo the exsting steelworl, only
smnll amonnt of wlpustaneny was regiiced,

Sl .'.e'.'l.!lTll-IﬂIllH ar  (nlsowasrh, o .||||.|iq.i|-|-| =nime
B 004 tons of material was boilt up e aid inthe ereotion
of e approach spasg aml o suppoct Ehe anchor
am laagos l|.l.||.':||.|.|:_ consirmetion, The Liksework
served] alig o stppert thie tloor system ol 11 anchior acn
until this wos eompleled, and t0 carey Phe bwe skeloton
towers or erection " leaveller™ one for cach bond
Ench traveller meoswied P a0 height, 27 {6 in
ll.ll.l'.“l anel 54 Te. o wedth, sl oo sormonnbed by oo
clectric travelling crancs, each having o Blling capacity
of 60 tens, & transverse travel of approsimotely 14 (e
and o maximum worleag spread of 86 4, To each of
the four corner wpelght pivders of the teaveller wos
allached w S, booon gaprabile of Tiftiog 16 Lons, aad o

U 20

recHve the span.

el of r“'.|a-ri| wrlil  the
warly part of December,
work during the renain-
g months being at oo
seanglatill  owring to the
river being froren owver

[y the elose ol Lhe
1918 srasun e apeprroals
arm of the anrtth canti
levir wias 1"ill"l'||:r|l'll'l:'|. aanl
whien operations were re-
sumied] 1 the spring of
1004, wear ko was immied iatae-
Iy commenced om boild-
ing up e X web bracing
ol the anchor arme amd
canlilever, l_',r'm"ll'nenr.ing
ut the nhore extremity
of the approach arm, the
traveller gradunlly werked its way towards the cantilever
pier, placing in position by means of the 907t booms
the neceszary falsewarlk, and Jduring the meturn journey
fitting 1l lower chords of the aochor arm, During
the 20 weelis 40 1914 [n which work on the bridee was

_possibbe, 13636 tons of steelwoerk were evected  andd

seenred in position, an aveeapa of 470 tons per week.
With the exreption of 1he lpst two W weba, the north
anehor arm was completed,  Tha early part of the 1915
seasom saw s worle fintshed and the north coantilever
span was then built up,  When coinpleted, the cantilever
projected ower the wiver for o distance of 5800 06 from
its pior. At the touth wide of the river conslrosclion
wis not o far sdwvanced. Lut by the elose of the 1915
geancn the south anchor arm was completad,

Some iden of 1he vemarkable progress made during
thint poreid may Lt obtained Teom the fact that 1,523
tons ol steel were set in posilion nn the sealli anchor
arm o dn ane week,  The rosord for o single day'™s worle
wis A7 tons

Werk war pecommieneed]  in e spring ol 1916
aned wns carried vn su Til.'llIH”.'\.' that the wouth cantilever
arm was eompleted by the begioning of  Sentember
ol the snme YENT.

While the finishing touches weee Delng put o the
uteal work on Lhe north l|||r|.|.c:-ll ol the bridpe and the
wruth cantilover spun was  busg ssscnblal the buge

el L e VTR ELEE T R
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= nedehition small ?-ton auxiliary gantry crancs for handling ganire apan for lioking uwp the two contilevers was also ,!.:,‘
= light  leads wers  provided,  Tach  traveller  wedrbaed roapidly neoring cempletion. This was being bollt at =
- =
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Launch of the Centre Span

Elaborate Hoisting Arrangements

Si]]-.'arz.r Cawe, alwuat fE* miibes
downatream from the site of
the bridge. The Cowve proved
viry fvonrable for carrving
ot Lhis 'w'u!ll, 5 il wrilm -
foctacl b}l shallows and }'ul.
at high tile admitled sulli-
cient water to float the pon-
e Lt wlocl the s[an
(1] eventially Lo be llerd.
The lattice gader  seles of
the span were  arch-ahinpal
amd were 11D 0o height
ot the centre.

When word wos received
at  Hillery Cove that  ihe
bridge cantilevers wene n;-.ul_v
lan reecive Lhe contral ETRENTR
|'II'C']'.IH|]'-\.'I|'.IIJ.I'I.‘| wets animedie-

arm an arvaggement ol reclker
bearings supported a heavy
trangverse girder that served
it equalise the lond borne
by each paic of hoisting chains.
ITyclrandic jacks weno erecled
an this girder, while a second
girder rested acrosa thie bop
of the jock plunpgers.  These
lope girders, wno to each
colitillever,  were  hnovwn s
Hiving precders, and were all
provided  with heles  larpee
ol o admil easily  the
wassive hojsting chaing,  The
liltter were of special desipn,
amnd cach consisde] ol for

Iy mmde for lr:ln:'-.p'.\rlirlﬁ tlyis
bt Lhe bridge sibee Tha span

had been assgembled upon the [akeworle at a height that allewes] the poinboms Lo
be Aoaked beneath it and 23 hours before Ligh bde o LI Septemiber 190G, this
way effecied, six ponteons belng salely mancuvred into place, three under eash

end of the ppan. Lach pontoon was con-
stracted of heavy steel framing and ateel
plate gmirder bulkheads, and was 165t in
lemgth, 32 ft. in width and approximately
113 it. in depth.

When the span had been made securc
upan the pomtosns the whole was loated
cul into e ddver and, respomding o the
tide, moved slowly uwpstream,  [ts rate of
progress was suilabily vestrained by five tups
on the downstream side, four of 500 h.p. and
ome of L0 hp Tha 3k-mile voynge to
the bridee site was accomplished withouot
mishap and, after much skillul manmuvring,
in witich two reserve Lops that hal aecom-
panded the Ootilla bent Useir add, Lhe ApHLLL Wi
brogght to astindstill directly beneath the gap
Detwerm the two cantilevers,  Tha enls of the
span were Usen segured by four 1} in, plowgh
steel ropes, comtrolled DLy electric howsts on
the bridpge deeln, te cantilever mooring
frames, one of which was hingod from the
vl of cach cantilever and hong verlically
Laeh wivoring (rame was capalde of holdag
ab ks lewer el & |||-.||-:'Iml lewmil o f SO0 00 L

Twa (ikton gicdem, cach Gtted oo the
upper  side with  bwo shoes, were  placed
lra.n.-wr'.r‘.-:uﬂ:r- wntiled the enda of the !l.I!.Pcﬂ:dl.'lnll
span, each shoe supporting o enrmer of the
span. AL the extremity of cach cantilever

Tl collaper of e soppeoded spam ol OG0 aons, ap the DL September, 1916

o £ e
‘J-r_-nlv:".;m
T T,

The susprmded span shown abont Balf way vp, ploobsdraphed an e LAt Seplember, 1917

S lengibs of solid carbon
sdvel, 2Hin i it @
Pham. o thochnesss, lzaeh

length ef cham load o seriies

wl | IL alim haoles, 46 0. apmirl, lue recorviog mowvable pns of e same diameter,
by means of which the lengths were linked up.
When the 30-ton transversc girders were safely ploced under the Aontin

span,
cight hoisting chains were atteched, one
pur fo each end ol the two girders, the
chams of cach pair bong [0 I apart.  These
chaing extoended uy 1.I:|:|‘¢'&1,:|ﬁ|1 the heavy cross
prrcler—passing o the noer side of the
|:|.|:|-:1,---1_|:| Lhie Iil'riru; _!;irrlcr. to which lhc!,'
wory gecired Ly 1he insertion of a pin throuph
wonvenient  Toles Wlhien  the EpAn s
salely held by the bossting chaing, e tugs
cast ol andd mowes] awany, The blls[ll‘lld{'d
ETEREH h‘x!iHllﬂll abssal K, 100 tomg, amd  Lhe
auspeension wed Bltng pear rooghly 400 tans,
givioe a total burden Lo be hfted of 5510
Lons.

ALl was pow ready Tor the actual raising

of the massive siecl gtrocture, and  this
tisle  wo gomimenced  withoyt |;||:|.'|:,-'. A
powwer ouse on each banle of the river

supplicd eompressed ale to the hydranha
jmmeps satuntod  bwa ot the extramiby ol
aach cantilever,  The pumps io tuen agtaated
the jacka, each of which hod & 23 . diam,
ram ol T 0. stroke, and was eapable ol
worlding it a pressure of 4,000 |b, per sq. in,
An A cmergenay  measare,  four hanid-
1:-[.m|':|.1|:\I [ 1 -;:-.:-|||1Lr.|.".w::'i|;ln1|_\| screw  Jachks
were |_|I.||:.|'|! at ench corner |1!.1|:I_l,r for im-
meilinde  operation.

Trwmense  wrowds ol |_|-:||||:I|.~. fpatliered
on the hanks of the civer to wilncss the
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A Second Disaster

Engineers still Undismaved

Iinisting inle plice of the
s, amil g fense
silence relgned wlien e
sipual wis piven Ioe it
I||||.'Ii|.1llllt'i 1 COHILIN e,
As ha puimps woorlaed e
Joeks, the Liter  slowly
miseed thie girders restingg
daprems he I;ni'u ol thew
plsmgers. When o lift of
JHL owns mafely e
||||:.|'u-||. Lhe Jau hales
vexl beloawr thiose hels)
m contact wakbe the npe
ravised tor ginder cningide:d
wilh the i lesles o] thice
lower  pirder,  aml T JL
duten. s were now lipe
e theomaple theas laller
boles and the coibenlent
'!I:llll.'h ill 1.|IL' 1.'||-.|i.|'lb. IIIIH.'
clurinsg thus being solely
focked in their efevatml
jusition, the original, or
oy ||i|15 were withiehsoen
Al 1he i ack rams—ani] in
CoOnseagRenge il the Tilt-
ing ginder—were loweredl
fu their uri_!!_i||.|| posianm,
11 ||14-||.||.||i1 foc 1w
wirsi Wi, Tl ":.'I'|.|' il
uperalions was ther
rogaated, each successiul
lilL raiging the greot steel
span a further 2 ft, nbove
the river.
As tho  spasi was
raiseedd  elear of the eix

pasntoons, the Intter, released of ther lomd, were slowly carncd away Ty the elibing

lile.  Their  departure from the  immediate
seenie o operations provided o clear view of
the s Bi=led in SN PETESIN by the chains and
P, amd Lho crowils ol s ctabtirs  «heisrnl
voilercusly, while alaps’ sitons auldecd  thick
aueeda o the applonse,  Whes the span lod Deeis
rinsedd sdbent B0 1, e rotions weer }.I;,||JI'|||,"|I v il
the workmen r=||_|r:-}'|:u| a baried bt well-snrmed] rost

Adler the seswinption ol operations ome lile
hadl Leen aceoniplished whon the secoml disaster
to the Lrkdge ccourred withont Ehe slightest wiarn.
g, Suddenly, ot the sonth end of the span, thers
was o loud report ollowed by the sound  of
rippang telal and, almest before anyone realised
bt haul huppensd, the great span had poetially

The final achlevemeni

Elﬂﬂ [mfm|&{mjals s umbx)ss]als]sls]ns)nl=]siain afafs inatele e ininin [nin s jadn )]s

Princlpal Bmenslons of the QGuehec Diridge

Total bengts of bridge i w5 i i
Ll o wnlnoapan, Le Trom aentre 1o seodee of canlllever invers
Ll of vach anchor asm .
Ly af gach candilever span ' i

n

I':II A dae e
[l

0 Lengil of swpended span .. .

§

[m]

=]

H

(W]

LB (e,
16 T,
SHIE 11,

Wldikn of Bridge from condre fo cembre of canbileven
[ Clear hielgi of 1leslwork absve Wgh waler
Thepaby of suspembol span &l cendre il
Thejsils ol canti¥ewess al malm pler ... er
Dlepdly of mnalin il ra Below BIgh water i 0L
[0 Wekeht af steed In beddge ... .. : . Gl AHD B
E Juantily of mmioary e " i+ v TDGOME g,y

fufminfmbi (w)ninleinlalaisin ainieaiminlndaisfa)n)n)ofmle]n]aie]s (mlsjels (o] a]=])
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the compleled brldge, the cenfeal span of whieh Jo ke longeil gingle span in the world

bwisted  over  and  the
EouEh-wesk aurner was in
gantael with the river, It
Wi hnpm.:,l'l:l-l; that, with
the tremendoos  strains
o bicnnpht into effect,
i spin could remain in
ek pessitinon sindd the sink-
myg  of the south-wesl
corner swiy folbovred olmost
||;|||||.g-|;1i..||_¢-|-|- |.-}' e break-
gy .|'.\'.|y' ol  suwceeesive
members of the l:in.lﬂ'
bracing. The widght of the
sageiig mass Sl steel soon
werenelid the whole span
off its supporting  trans-
vorRe gictlere, With on
appalling  rumble  and
spslash L structure lurel-
el dowovear]  am] com-
pletely  dsappeared  into
the river, Bearing with it
O mon who hiod been en-
Baped upon it oo the
hoisting oporotions.
these men Bl ineluding
the chief enginecr, were
saved.

In [ee of this disaster
it scomed o2 Lhough the
Lhugbes  Dvidee woa all
fated, but althowglh  fhe
chgineers wers greatly dis-
mayed by this fresh catos-
frophe  tliey were wol
defeated, An official
inuiry was apecdily held,

The honzsting equipment wis closely scrutingsed, but nothing wrong was discovered and

the sxperls finally concluded that the aceident
huel Lieen emsed By the failure of the huge steel
shae wpon which the span rested at the south end.
AL e some tine oo roason cooabd be fowmd Tor the
fallure.  The enntilevers of Lha bridge were then
subjected 1o prolonged tests to ascertaln whetlier
they had suffered by reason of the trememdous
vibrations set up when the attached lilting gear
Tl Deen w0 soddenly relieved of its Joordl, snd to
the preat reliel of all eoneerned everything was
found to be in erder,

The bridge bad te be built, and there was
nothing for it bot to construet nnothor suspension
ppan to replace the lost one. The falsework that
liael been erected at SI'“I:':I':,' Cove for the n.a.sr_.mb'lirlg
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B New Span placed in Position Completion of the Bridge
=]
IE_: of the, lirst span complebed  aeul
ﬁ had  afterwarils S0 minutes later
| been abnn loned, the conmecting
amil the tash of pins had all been
pestoring it Lo deiven amd the
fitness priot Lo apan fnally fe-
LRIV s ETT TR R Y U cureel in place
spuLnl oG e Iruring the
e manlha foltiwi Lhur iy
liv  ihie  migsin- vt len Pl laaor
(RIRELE [1ITH [REE synbonn ol £he
-||u:',.|r~ walerial crnbral s was
foor tlie niew H]EAT |n].'|r’!|'|:| LTI e
! weas ardered aml Ly I_l.||r travicl
I ablagned, Thee I|||.|: crivmees and
- (TR __|1.l|.':||:||.'||| arii nf ghe twn
1= way e plebed railwiay tracks
= by August of the wag [akll dawn
= fallpwiing veat, anpd rivetad.
= andl carly en the Liies amierni bl anltber
: wnzmng of 17ch the susposinn
£ September, SPAT WAs rained
: 1917, pontaonsg anko posikion the
¥ anld  tngs  ooe- firse twain prossed
; wveyed b Lo e salely over aml|
Lradyge wile, ann drdl Decem-
; where  in due ber, 1817, the
:*_-. course 1t weas struckore Wikh
=2 safely  attached {Abave] A fime Meceano madel of The Duebee Bridge measueing over 16 L (o lenglh, conipleted  anl
;TI o the mocring [Belaw) A stalkilng view lookiny along the above nveded, sbhowing e dowble Irack [vr Horsby Tralng divld ol by astogl pastiijen, apeticd for regus
Trarmes anel lar Lraffie, T

Fr s

AN NI

hoasbing fear.

A few minutes alter @ aom, the signal to cotiinoncoe Lelk-
ing the span was given, and onee more pamps and jacks
commmensed their responsible task,  BMioliul of the satas
trophe of the previena year, the engineers and workmen
exeroized the nimast caublon, and ne abtlemmipt was miiile ta
watle to g speed sebedule. Ioisting was ciomied oot in cizy
stages, each of 15 min duration. Twelve Lk, cocl teasiog
the apae a further 26, wors madde on the first day ;23 lifts,
cauivilent to o rise of 44 [4, were pceomplishel during the
fodlawing day, nwl 26 1ils on tha Elutd das, at Ll eloga of
whach the span was gws pended  wallun 30 0t of s Gnal
resbing place.

AL the time that worlk canged on the third day there wos
i eisiog wisicl aid lications of A storm, amd specinl precou-
tiors wiers Lalien to make (he span secorve,  Ducing the miglht
the wind altained o lorce of 35 miles per hout and it was an
anxlous Lonly of engincers who inspected the span and hoist-
i greae on Bl followlig moraing. Eeerything woag Toond o
B in onder, amd alter assaring themselves that the Tilting
aperabions aaild Lo sabely contuned, snospila gl the gk
wintl still hiowing, the r'l:l[:'iln_-n-ru pave thiee signal o hea shing
to o resanl. Toy 300 oo, the hoesting of the span wis

concreting of the sido walles for pedeatrian traiffic aml tie
|_'|.'Lir||:i|1|;| were {:nmplnl:m_'l whila the |er|lg|: wiis i use,

The building of the Coebes Bridge was a remockilile
undertaking in many reapects. It ia probable that never
befosrr lins wn tng'inm:ﬂ'ng’ structure on dueh o I"“E“ scale
bty caaried tu completion on the site originally assigred Lo
ik ufter two proat o w, i the fiest of which Lhe crusmgp.
ling givdera dragged to Lhwir death 75 men. These twn
dhgivsters merely gtrenpbicned the detormination of the
engineces that the bewdge should Le boilt and, indecel,
stareely lunl thie aceouint of the seoond disnster heen ole-
prapled threnglout the world balore it was Tollowed by
anmencettient that the bridge wonld Lo rebuill and apon
the saane plan,  As wa have sten, (s hicd elTor proved ens
tirely successful,  The Ll g ol the bridge from frst to
Bt his emsormionsly dnccensed e kone mledpe of the prob
Pevmss b comprossion aed dension and of the means for dealing
withy the effcots of distortion o trossey,

Toulay the (uebes Brulge cornies e beans sontinental
Hue of Lthe Canadian Mational Tailways over the 5
Liawrenes fever, rodueeisy Uhe distance botween Blalifax andd
Winmnmapep by 200 neiles, aml stamls as oo menoment te the
abilaty, comrdpe ame tenneley ol its enginescs,
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Digging by Machinery:
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The Dragline Excavator

LARGE proportion
of  the work of
Engineers mip it

e ileseribed as conmsling
of aligping holes in the
pround. Thisis ihe easain
sich nndertnkings as eut-
timp chmanls, boricp timels,
i rr_!ri ng, pxcvating
reservoirs, and sinking the
rlq:{"]'r Toumdabions al wery
large buildings. Tn ane
times big  excavation
works invalved the eni-
|1!-n!.'|:|1:'n'r ool wakst minmbeera
of mien beeanse litthe orn
machinery was availuble
amil preryvibing had to Lo
flone by vsmwal Enlbos,
il s atido of olfaied
cotitivmed f o consice ralade
eabel wpy Lo gompaentive.
ly recent times, To-diy,
although lnege nomibers of
men have L L cnnpleyald
on oy g wlertaking,
the bl ol the weok s
carricil nut entirely hr
mechanical power,  The
spade winlded by Tuoud s
still mecessary, Dot omost
of the excavition is dowe
by pigantic shovels aper-
aled by steam or eleetrie

Four of the ten 158-ton Draglines now working an the Cenal Scheme at Sukbur, In Indla,

power, and each capable of doing the work of many hundreds of men.

e of the most [amiliar of digging
machines is the Steam Showel, often
relerred to as the Steam Mavey,  This
ronsists of n I|.||||:'.e: shavel mmonnted on
the el of a powerful sleel arm o il
aned operaded Ly o sbeann angimge e
conemtidilenl i a0 cols reseraldong thad
of a brealdown erne. Sleam sliovels
s ‘"“'i""}"‘"l o Bl wwemvid o of il
winy cnbbings, open mines anil quornes,
aml camnls and docks,  They are capable
ol aceomyplishing an onormoes amount
ol work, ond they are o be [owmwl
wherever largo soale excavation is in
PFOEIESS At the same fima their AT
i limited, for they cannob exearate

FAGE TWELVE

material below their own
level, aml thay are anit
lot use on wet or marshy
proaemil, Where the exist-
g comrlitinns make the
sleant showel wimsngi bbb,
ity ploce is  wvery fre-
quently taken by another
mechanieal digper kngwn
ngile Diragline Exeavator,
nndd it is with this mochine
Ehat we are mwow  Goei-
commed,

The Drepline  gets
its nume [rom the [act
that it bushet or showel
i5 drapged towards the
machine on o fAexibde
rope  instend  of  being
mannbed on oon oarm Lthat
pivats on a jil as is the
cige  willh  the  steam
shoviel, The madn diffor-
cmoe belween the steam
showvel and the dragling
lies in  the method of
wr}rl:inr.;. Tha steam
shovel pxcavates above
the lewel en  which it
stinda, it worka away
[romm itsell and ie advances
mto the sxcavation as
the worke proeceds, The
dragline does exactly the

opposite for it excavotes below the level on which [t stands, works toward itssdd, aml

Arear wlew of A DingHoe shawing he Slokm Powdr 1and,

A Depdlae asl SMeam Shovel o Rallway wark,

travels hackward whem [t has excavated
all material within reach, As repards
general condtraction the two maochines
nre wery similar and, as o matter of
fact, the stenm shovel may be designed
o sweh o e r 1hat bt iy Tie ¢ovn-
verled into o cragline if recqisired Ly
fitting. o aliffererit jib and o special
Bachet amd  adding  anether winding
clruam to the mnchinery,

The drogline has two desma, ane
for tha ||i|.:gi|1.!." ropa and the other Top
lifting the bucket oot of the exeavation,
regulating the depth of cut and allowig
thir buelet to swing back after elis

charging, for another cut.  The digping
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How a Dragline Operates
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Ten Tons removed at One Cut
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cut. In the eriginal is accuzstely reproduced. exeavators of the sane type. At alaterdate six additional
imes wiera ordered, snd it s interesling Lo note in passing that the |ast two
s ordereg] ware Lmr|1p|g:1r'|'| in seven weeks (pom :I.'I:!i.].l". af thie order, o
remiatkalle achiovomet in view of their size and complexily

These wopderfal excavators cach weigh 250 tons oelt end upwards of 300
tons when fully equipped and i working order. The bucket has a
capacily af H eu. yds. and san excavata 10 tans at one cul,
a4 ratg of worklng thoat enabies tae maghine to loal a

traim of G0 wagoos in an howe. The jib is 120 4L in

length and the drag roge from the backet 1§ in, in

diameter. A cuumg power of 30 tons is axartod

on the bucket teeth,  In spite of its bulk the
orans operates very speedily,

The coal bunlker 15 of four Eons capueity
and is flled by means of a spocial steam-
operatad hoist, The main engines are of
400 h.p, and sepamdc ongined of about
200 h.p. are fAtted for slewing operations.
As a crane tho machine will ]|ﬂ. a lond of
T2 tons at 125 0L radive, and although so
large and heawy ik is very casily controlled
Dby emeapns of steam clotches and steam
BLrokes to all the motions

rape pasics out of the front of lifted b the hoisting rope, aml

the llmctlinc close to the foot of the digging ropo i3 allowed to run

the I£1h and is conneched to the freely, tha bucket thus swinging

Lue The lu.m-l:mg rope which toward the front of the jib. Oa
= takes the weight of the bucket the mactine being Slewed owver 5y
5] and its [oad runs over the head the dumping point, the bucket E
= of the fib and s ettached to ia discharged in the manner b
= the bucker. already described, &
= The jib of a dragline ia a The largest deaglines ever 5
E Inttice-girder and 18 of lighter constmycted tn this country have :_4.‘
= I!||:!|iﬁl‘| than thia _:|'.!_| al tha stenmi baen bullt b-'," Iuston &f{unu’h}r =
i--r shoval. This is mada pasaibile by Led, of Lineoln, [or work in E
EJI the fact that in a dreagline the caanaetion with the Indian sreiga- E—~
= jib tnkes only the loud due to tion schemes for the seclamation E
E the lifbing eope and this, wath the of milliong of acres of barmen =
= slewing moting, i5 its only stress, desert. The work inwvelwes the g
= In the steam shovel, howewer, excavation of hundreds of miles B
g the fib mot oaly takes the siross ol canals and the projeet as o
E Tfram the digging rope, btut also winle is the largest undertaking
g8 baars the wiicls of the exenvatdng of ity kind in the world. Some
g stresses. from the buclkot arm, of the chanocls wmler cone =
- | with their satiendant slewing and et 2000t n B
§ digging stresecs, In the dragline depth, tha =]
= the sirosses ot LI.._ hentl of the he ile- =
B Jiky are gonsziderably less than in the sidea o [arm
2 the case of the steam =howel and 1
g so the jib may e made 2r, fizst place only e
= T.':is is an advantage, for it ilr was arden Llns =
g enabies the bucket to ba thirown out {Abovel A 350-ton Dragilos arames ke cusloslly of Lhe nallves machine gave such satisfaction that the Indian Gavsrument =
= further, and to take a decper and wider | Bebowy A fine Meccane mode] of & Dragline, ln 1'\-T-IIJiﬂvr-':r imarvement shortly afterwarnd placed) an esder for a ferther theee B

The buckot of a draghine is of £y
miniple donstredhion, amil, baing apen at
the frant and the top, toa esrtaln exlent
resembles a coal-scattle. The digging
rope 18 connected to A cross-bar above
the frent of the buckest, the hoisting rope
being fixed to the body of the bocket
farthost awily from  the machine, The
bucket is emplied by ]-'I.IJ'II.'IH upn s
liodsting rope, and releasing Ve Qigging tupe,
This allows the bocket to tilt forwarcd, and
so discharges the contents from the open
msatly,

In the ¢ycle of operations af o dragline
the bucket is first lowered, at its extrome
eadiun, to the foot of the excavation, DBy
flacing the winding-drum in gear, the digging
cope 18 then wound in, hauling tha buaehet
toward the machine, and dragging it into Lha
material o be excavated,

When the bucket iz ull, the cloteh of
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tha digging drum is throwm out, and the =
hoisting gear is engaged,  “The bocket is then For travelling the michine an rails, .‘-:.
=
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Vast Irripation Schemes in India
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The World’s Greatest Barrage

speecial swivelling bogics are wsed, all
the wheels Lelnpg driven, 1o less than
one i le e mashine digs [rom seven
ke eight cobic yards ol material dncd
|||,:|_||mi15. it 0Tt mwiy from Lhe |||||||l
where the material was mbhen out, In
vther waordls, Lhe exonwvibor is -;;,-|||.|.'||||~ of
||i|;|_l:|||!_' 04 tew A0 cu, :,'lls;_ ol malacial
I hesiry ool vl dlepossit the moteral
[ S | from Lhe comirg of the
twac ke Tn order to perform  the
vine amionn b ol worle o the aame ||:'Il.|;|.||
of fime ot beast 300 men woulil b
reqiiredd,

In voch of tliese ||I||!4' ||I':II'.I'__|iIII.'.‘l-
e v over |00 parls, tha i aviest
ol which weagha over 18 tons, The warle
of assem bling the deaghnes o Traehi haoel
tor T alone with  imacdequate  Lilling
applizimees minl by sative lbour wnder
e 51|'|Ie'rv|&iull of the lirm's 1:Il|’.|fil'|l?l.'l-.
In these cirepmstomces i 13 nob Sur-
priging  that considerable  difficadtics
progented themselves.  Then there wers
difhenltiesof another kind, Forinstance,
o of the cngineers in charge dislecatod
hig ehenlder, but carried on for a con-
siclurubile Limwe aulil lelpe arcrved, wihiles
anotler enginecr noardy lost his life
throngl being bitten by oo snake whils oiling the
machinery, The engineers hod also to contend
with stifling desert heat, bad wiker supphy and
fever. Wolwithstanding all these difficultics,
Borweyer, four of the excavabors were erected in
tlree months, o very creditadle p-crfnrm:mr.l: I
thes cheumstances,  Hven whien the mochines
were illlilll.:r' erecled the dilliculties waie not
over, for Lhe natives had to be cdacated o dnve
sl operate them, 1t is infercsting to note
Pl dhae |lr.'|!:li|1|:"i are Ntted with scavehlights
Lo witnlde work o prosecd ol mghit.

It wns on the Satle) Valley lrrigntion
schemie that the ariginal dragline was first em-
b am il The maehine began wiork in
.uk|u|| & ol on 1w wyesgpe exonvinlon]
GA A ey, BE per doye Some klow ol Lha
canmomy e lfoeted o Inbonr may be railisad Troni
the fact that this amonnt of excavillion repre-
seiits the work of 5000 eadlies, wlio wanld not
witly Bawvie Iaiil B0 b ||:|'l|. Eaint fazel oaml Daanued] au
well,  When eompleted Lhe Sutle] Valley seheme
will brdgate B UMD soqunre miles, o 5000 0
nered, of desert. The cost of the work is csti-
mated to b over £7,950, 0040,

Another secheme ab Sarda, in the United
DProvinces, Includes the construction of & great

PAGE FOURTEEM

canal systom for drrigation  purposes,
The work consists of the excavation of
478 miles of conals and branch comals,
amed mo less dhion 3,570 miles of distri-
Luting channels.  When complete the
selme will provide for tha irrigation of
1368000 perss of what i now wasts
lamed,  Le is estimated that the total eost
welll B gver S5 GIHLOM),  This schemao
illocds apood cxample of work Tor which
the steam shovel woubd be ansuitalse.

Diraglines are also being emplo yed
in Ehe conals schema at Snlilur, sifunten
i e pravinee of Simd, To this area the
pomvaldarg |||-ir|L= 1!'{-!'1[ m |||.LI ol
sbrvicEin ol S0 0EHD el of o la, Hlires
of whieh are 4o be larger than the Suez
Conal.  The eomypletel schome will give
control of enltivation of over 7,500_(H¥)
acres, ol which III!!-'III:\.' ﬂ.nm,l][m aeTes
will be recliimed samedy adessrt e,
brought inlo coltivation for the frst
time.  The area made aroble will e
InTger than the whole of the cultlvatad
nrea of Egypt, and it is estimated that

|Above] How o Draghime digs its way inlo the Earth,
[Below) & meir wlow of (e Immetie f'lrrll.@l gty which ke Dragline travele,

when complete this schemes alone will
cayse 4 total annpal jnerease in the
woalthh of  the counblsy by  ooarly
FA LRGN
Ineluded in the Sokkur scheme ia the bodld-
ing of the Llowd Barrage, a massive masonry
dam acrass the River Indus to control the
fuctuations of the river. Thia will Lo the
groatest worle of 165 kind in the world eclipsing
cwen the wonderfnl Assonan and Sennardamsin
]'.'g].r]'ul. IE wall b l1.v|‘!."l|'|;;I a mile i Ir!l.'lr;'lli il
ower ik will be construcled a bridge of 56 ERRETE
ench G04t. a1 length and each hited with o
massive water-gate 18} it m depth and weigh-
ing 50 toms, The 1n-|1 [:irllm?: ol this l'urin:l,gul will
bir 77200, above the (oundalions,

Work on the Suklonr schoems commenaed in
Cotoler 48, and althogpgh 205 mmen are
comployedd, 1t 15 sneh g bigo peojeel that it 13 not
l'}f]ll"l'.ld'\.l that e enntract will L 1'r|-||1|1IL-Im:I
Brlorg Lhe samoar af TEKHD ok the earliest
tatnl cost will bee nver S1A000000, the Llogd
Harrage alone  costing £, 80000800  and che
camitls 8,000,

In certiin circumsksnces 14 g not practie
abile to utilise aleam power.  This 18 1he eose
m conneethon with cxenvation wark in progreas
at Metur, presdency of Madras, India.  In this
tlistrict witer is socoroe and unspitabde for steam
beilers pud the deaglives employed are cach
driven by their ewn eil-elsetric plant.
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£ How the Engineer Holds Back the Sea -
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{Ahovedy A fine example of a glant Block-scetting Crane engaged in building a breakwater in connection with the harbour extension at Madras,
{Below] A photograph of a Gantry Crane [ifling a block of comcrele from o railway lroeck preparalory o carrping i dewn (o the harbour,
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TE'IE mastery of the Earth that the for  the present-day importance ol  this
enginesr s ucqlulrjng is  mowhers branch el cogineering, Lt harboor works
shown more emphatically than in the Liecame & necessity much earlier in manitime

construction of sea=walls and  of H:I'l.'!.'l.l. cotinbries such a8 Sreat DBreiboin, o upi.Ll:: of

harbwours in which ships may find shelier the existenco of natural horbours, It is on

{roem storms and land their carpoes without the methods adeptod to protect the [rail

disturbance. Other engineering achievements wontlen wessels of Todor tiones frome tha
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such as 'I|ri|]gns. tunnels aod cmals are oo
daulbt J'I.'l]]ntxsi\rl.-. it wlien the iodtial Jdif-
cultien of their constiruction huwe heew owver-
come, Uiole maintenanes is a comparalively
easy matter, whercas sea-walls are subject
o canblmodnns ]leI'I:I:III.I'.Ii.I'Ig,!.': [rasim the wilves
aned depead Do thew eontinmed e folmessy
on constant ebaervation and pepair.

On this accoont harbour  engineeriog
PomLnses o fampimation of ity own aml the
reasony ot male sencwalls necessary, and
the remyrkille melhods  of  aodec-water
comstroction adopted in bailding them, wro of
[RITH frmoatoat interest, The grll.‘ll:(lx|::|1'|$ir_:|1 in
:«.lt:i]]]IIJ:IF:. due o e intresdoction of steam
power last century, T r|.|..l|'i|1|:." rekpoms e

Tury of the waves that the enginoers of to-da
have founded their plans,

It is a cwvious face thiat almost cvery
counfry with o sea cosst seems bo howve ot
leask ane nokaral horbaore, and o many casen
these are sullicienlly large to pecommodala
farge Neets of elaps. One of the largest of
these natural harhours 36 the Day of Hio e
_|.|.1||:iru in Sooth America, which cons i oa
northerly diraction for 15 miles with o wiidih
varying from bwo Lo seven miles,  Sweround-
vl by high mosntoins,  with an enbrmnes:
Bess Ll ap omile jrnosvickbde, ik |H'\il'|l'\"|'.'.I| 31
vich gidder Ty Dol heaclarnbs

T Goreal  Paibiabin, BLilloril  Flhaiven i
Wiles :.ll.'l:l-.:ll.i|5.|:: inlivanl for s (0 gniles,

LT R

[T

7]

PAGE FIFTLCHN



SO AR TE TR PR R R LT R T T LT T L S TR RIS T TR e DRTFERS R YRR HT IIII]!:':

MECCANO BODKWENG]_NEERING %Hl!:‘!tl[!lt!ﬂlIIHIIJIIII!IIIIIIIIII:III]IIIIII!I

ST LT T DT L LT b R EER T AR LR R EETEE LT ARERLTE L TR LA TRRRTT RN L

A0 UL PR R A EARER AR ENAR R LRI i ARRURSIAE ) pnE R 2R

LU

1

Ty

8 F ] FERENT e v B

LT TRETE0 0 RS R I T 0 5 5 D R R E R A R

TS Cr R TR

Defects of Natural Harboutrs

s unequallel s o sheltere] harbour,  Sther wodwral arboms o |"""”:| by Lho
mauths af rivers, el as the Thames, Bemsey, Homber, Forth, and the Seine, bk

their siM-
cieney ls
somewh at
d iminishedl
by the ' bar'
that  forms
where  Ehae
ont - (lowing
curreiik al
the rver =
eheckol by
the sea.

Althoagh
such natwral
harbours  as
threo con-
timue  to L
ngeful, QARG
ara naot all I:I.\'!.,II:IT;&.JI'!." sitpated,  Milord Haven, for Instance, & of Hittle ir||.'|n||.‘l.'|||l.|.'
[rom a naval point of view, and 5 oo far away from centres of frade ol
manufneture for wse 18 4 commarcial harbowr.  The requirerments of modern
times have tlwecfore made 1L necessary bo oogment the number of harbours,
either by impraving some natural feature—such 18 @ bay ot an inlet—or by
conslrueting more eliilmrale works ol un:l’.ﬁln;{ I:Lrgu areas of the
sen by harbour walls or roalowaters,

The branch of engineeting unider eomsideration i3 not concernal
withe larlenr eonstroct b nn'll-.-. for soa-walls pee WETY Nedrssary ior
ollier purposes, apart altogetler Irom the foct thiat they often
e |||'|i_;l||||||| |||||-1'|!|'I|.I-|] Ireanin which we oy ey Ll sen
T whivas et hidalisloe b Tl
Phais wpaviase fasald i et
wi i it mjn A

A fne Meccano model of & Rlock-selting Crane,
Compare this wilh the giant below,

i ael ksl e i

gantabinil  liaaeiiiie g
alills, Lol gnsbange,
Ll Sk vk 1he e ] el by allaral
Pl eonst rection of protective sea walls s practically
the only metiod of preventing e evil efects of sneh
capronelimaent,

Without the oid ol mechanical appllanees most

Development of Breakwaters

interesting: are tho glanl blotle-setting cranes that handle hoge blocls o though
ey wenghed pemils dnstend of tons,

In oriler to wnderstand the particulor werl in which these blocle-netting crivnes
are cmployed, wo must lool o litble Pertler nto the methods of harbour constraction.
In the fiest place, mo Lwe breakwiders or harboors are exactly alike, and almaost
every harbonr requires particular treatmaent.

[n gome cases o wownd of tubsble or stone, deposited ina scatteced manner and
standing above Liph-water marls, will serve the purpose, as is the case with the
brenkwnter at Alpiecs, where w rabble moumd b protested by 25 1on bBlocks heaped
on the sea bed.  In others cwrrents or storms wonll soon move such scattersd
mekerial and beeak it down, Mo slobovote methods ame then necessary, such as
the " sack-bloclke * system, This employs barges with trap deors.  The mtecior of
the barges is lined with sacking and an this conerete is depesited.  The sides of
the sacking are then brought tegether and laced over the fop, aned the barges are
towed out to the site of the brealowater, The trap doors ara then opened ond the
cofcreta drops into the sen, whera it is solldified by the action of the water and
sonn becomes a perlectly hard mass,  The sack-block method was used jn the
gonstruction of the underwater portion of the broakwaters at Hewhaven and La
Gunira, where layers of Mocks weighing 100 tons were suecessfully laid, each
extending across the whale width of the Drealiwater,

When a natural bay is sufficieatly sheltersd by a projecting headland, Bt §s enly
necessary 1o Lhrow o bysokwater across Lhe anlet in order to convert it inte o harbonr.
In such a case the entrance wonbkd be batween the ends of the broalowater and the
st lanad, i ghe depth of the water there 13 suitable.  Soch harbours as thess are
found at Plymoutlh apd Cherlourg.  Sometivies o sibgle l:re:lkwamr.um?w Irom &
projecting point of o bay and enclosing & partly sheltored area of water, is sufficient
prodection, as at Holyhesd, Alexandria and Table Bay. Where oo headland or
sheltered Day exists in a place where 4 harbour is required, it becomes necessary to
form am r.nﬁrr'.'l:,r artificial harbour, which ia, of soome, o mors axtensive pl‘ﬂjeﬂt-
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of the preat sea worhs of the present day would be : |:|.-.
practically  impossible  of  construction,  Foremaost R L X o e o e L T el - ]
= umong such applianees e cranes of vavious types and — o —
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ol these the most impressive nmd at the same time most
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Itlon at the end of a breakwaler.
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Harbour Works at Table Bay

LUEVEERRRE AT L TR U T ) I T e FERLELTE AR R O]

Invention of Portland Cement

Such barbours as these are found 2t Kingston, Madeas ansl, nearer home, at Dover, and wall type are 1hit il requires less material than the mound Lype aond also that =]
E Althougl broakwaters thes difler in detaidl in almost every case, they may be the top of the wall may be used as & quay in ne weather. Sometimes this Lype b
= broadly divided into three classes soconding to the method of construction uied of beealkwater s modifiod angd additional protection atfonled by laying -
= These are (i) the rubble stone or concrote-Mock mound type, (2) the mound typo large concrote blochs at random on the seaward side, as i the cise with E
B surmountad by a thiclk wall, amd [3) the wertieal wall Cypre in o which a the booakwoter at Bowlogne Horbous, commeonced jn 1879, B
B scflicd wall I8 carresl up divect from the sea botbbomn, I the Uird type of breakwister a mossive wall is Lot of bloclka ol B
B Manidl brealowalers are pendrally stone, dove-toled one iolo the other an order o present the maximnw B
B formed by depesiting 10 Lhe sea s inass Temislance to the waves,  Although thes type requires o matecal than 41
EZ vither of 1he others, it vecesulites morn  cirelwl consliuction aml alsa =
=] pnwval v lie l.'::l.rl:l_\-'llmil'l. el divers, Tt ||l:|_l|'|i|1|.'ll1.1 toed, o0 Lhie existlonce :
E off 2 Doaral sen-Meeer ot the place where it is Lo Be oreeted, and the depth el :

LT

the waler imus] ol b fon greal =
Iy I sl postalile cxan e of this bype of bregakiwaler 13 the
_I".lFII.tr:'.llt:.,' Jlarbonir ob Devier The conatmctrun of e piassave bireabventers of
Lk great loelsar fepiosents be muost oudern aehavomant in bhis pafticula beaicli
Anotier, aml of epgimeering.  lrom Bime fo time consilerable soms had Beon spent on rprosing
51 lﬂ hel ¥ nich I:NEL'I:ll:’III“ wirlles vrecteil by suach |||:-|1||:p.1||:1h|-.'| l:l'll:_i.ll-:'l‘f:i algh J'|.;|'|':,'. SE e,
dbifferenl Lo amed Telford, Lot no s.'lr.'i.q[.ll'.l.m}' ety were obbuined wobil tha fnvention
Moeccanuo of Poctlunil cemkent, which revolubionised s Dsrianch of cngifeeTing,
model of a Partlanl cement was invenbed LEY] Jil.'\.l"’ﬂl ."'u.-:]'u|r11.| n Lecds '|1r|.:.|:|:|.3.'nr, anil
Gianl Bluchk- patented in 1824, although the secrel is belioved to have beon lsown 4o hon as carly
settimyg as 1811, Aspidin {ound that by mixiog limeotono with clay he was able to produce
Crane. a comenl thal pessessed considerable advanlages ovor any olhet smmilar material
Lhen koadwm Tha matetial derived 108 name Ifoim Lthe fact that when it 2cts hard
it revembbs clmoly the buikliog stone quarricd at Portlamt.
The mest valeable vae of Portlaul cantent i3 in the makiog
of conceete, which consitts of comant mixod with stone, sand
or simlar materinl, fo tliat a =olid mass
without holes 8 Termeod, asd 8 15 the
use of large blocks of econerete thot has
made possible the rapid constroetion of

of  hand
materinl
along the
lines pre
viously
chosen
Ihealwntors of this  type
e earried o Ittle alowo
hagh-water lowel oind ane 1'.i|.ll.'ﬂ|.'\d Y nrt1|r|1|-]_|.r ns ’ll]'\.:'\.ﬂl]l' Ao Al aliveclion of Hae licaviast
waves, for il placed obliguely e matenal wonld seon be seattered.  Soch break:
waters are penerally sdopled wlhen an abumdant supply of suitalde material s close
at hand. They are only construeted, liowever, when the apace on (he soa-floor that
the breakwater will oocupy is of o consequence, aml whese Ao quay B2 requoined
to Lo buile,

Tha mound type of breakwator is well ropresented by Lhe works ab Table Play
ol Adexandrin. The foomer breakwater runs in o sortl-oastecly direction froa
i |.l|.laI|L 1o the portlh of Cape Towii, il g'lw:n shalter {fom the Bocth- west Whiers
Talda |-|-:I'|-"H1II'II1- on to the Atlantlc Geean, 10 conaiala of & imound of sabble stones,
which the soa b now levelled an (he aecan side fo o gradost of abaoet T in B for
somge distanes below low waler,  The onpinal steacturo, which was begun in T80,
was 2400 ft, in Jongtle Tn 1850 an extemsion was addad, beinging Ui tatal Jangtl of
tho Lrealiwator to 7000, The earlier brealiwater was in o deptle of 3046 Dot
e later works extendded it into water 50§t in deptis

Although s type of breakwater illsstrates e siniplest poasilile constouction,
it recuires o large expomditure of material. At Tabde Day this mafenal was 2t haml
in the form of stone oxcavated Troin o meghibouring sile, so that the consuderntian
of tramaport of tle material ded sot arize.

L dlew wogond type of bBroakwator a rabble mouwnd - sbmalar In many respacts
to the mound usad in the Arsk Cypot—ia surmounted by o manave wall,  This eypa
is well fepresented by the Colonibo breakwater, The adwvantoges of the momd
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Twn ljfle crancs ol work on o Seully Afvican Harbour.
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The Admiralty Harbour, Dover

madern larbonr works of enormous strength and exlent,

The fust part of the modern hacbour works ot Dover was comploted in 1571 Ak a
cost af fGRO.O00, nnd conzisted of a breabwater 2100 in lenglh, extending to a
depth of alont 450t ot low watker,  or some yeara this breakwalor served the
UL requider], bt the contimied incresse in the amount of ahippeing ol e
nllitiond t’l'r|'|l'lTv.'I:III‘IIL'5 far .ﬂllil!r‘!ril_’.hl uarposes, renddered farther worle necessary.

Tetween 1599 and 1909 an additionn] scheme was earried out amd two other
breakwaters were Luilt, enclesing 2 lrge area of snchoroge, now known g the
Adntiralty 1arbowr, the constructon of which was 4 preat engineeripg feat, © We
are better able to gain somo tdea of the magnltads of the taslk that confraniel
the enpineers when we learn that the tobal length of Ehe brealowater is over bwo
miles.  The finished harbour is ever 610 aeres 10 extent and 5 apifieient by extensve

to shelter a whole flest,  The work ineluded Lhe extension of the focmer brenkwater

by L OHY fE, the peclaiming and exenvation of o large poction of the ohall alills
imanediately bebimd the Larbour, the buildhing of a new bremkwiter at the Sonth
o, and o onew breakwater, 385010t in length, at the East end,
The brenkwiaters ore between 50 and 604t in
witlthy at ther bases, aod drom B0 to 900, in height, - ——
They are constroctod of 42-ton z
coneratle
|l]ln.'|'.h.. wlneli
wiere  foacmil
n -1|||-r,i:|.I
Db kemeen | gy
vitmls eroctl
undar the
stivlier of 1l
chift. These
by | ¢ Wox
measnre |4 {1,
b FIE hy
B0, sl coa
sish ol 0o
ture of pravel,
sand  and
cenent,  This
wits  penred
inlo wwondloen
sow lada (i
ecguial Tovnam
and, when the
mbxture ol
geb—lorwlilck

.. | Bamadn. 2 = FA TR

Goliath Cranes in Operation

into the sea foer in prowps of six on eich side of the line en which the brealowater
was to b built,  Each gronp was separated by o distance of 5004 and between
the two limes of piles wan o clear 7006, Tooall, the scleme teqoiced hadf-ae-million
eiliee feet of timlber, whicl was x|1|:4'i:|.|l1,r eelected 'I|y i vm|:|u.-|:|: went owver bo Tasmanii
lear e puirpase,

When Lhe massave ples had beon satisfactoly doven home into the sea loor
Iy thie beavy Blows of the powerfol pils drivers, crogy-girders were  placed
fram one row Lo the other, 1t was 1 netessEly o pive the strocture
rufMatent strength to withstomnd the ; violemee of the storms te which it
wauld necessarily be eaposed / belofe the wark wos complebed, and
accordingly these wera Chen | braced diagonally by strong ties and
liberally by lattice gicders. Finally the heavy timber Aooring was
el down upii which the twa 100 §8, tracks for the Gobath
CTANE  wora Lo b corried. In effect, therefore,
two  solid piers had been
arccted with wooden supports and
timbered I"l'n:ll.'.sJ anil  braced one
with  another  with eross gindems,
These enabled the pontry  cranes
Lo trawvel out
ton the end of
the plers and
te drop con-
vcrete  blogks
at  any  rde-
sareil pobat
Lnsbwymay tlaw
shore and the
Mer endls,  As
th block s
ware lid the
GTRTI il -
Vel el
ad  ladl swe-
ceeding  fiers,
cael tier be
ing  buoilt up
o tha lewel of
the  fnished
breankwater
befora the
next was
procesded

a weple wns
penecilly  ra-
culred — the
aides of the monld were removed and the blocks were ready for Lransport Lo 1he
point ok whiel 1he work wies prodceding,  or Lransporting these Llocks along 1le
uay h-.lgc Goliath eranes weie rl|'||s|ri}'1:rl This type of crane, under the namae of
Trovelling Ganbry crong, 1 fomilior te all oar reswders Trom the excellent Meccana
meddels of 3t that can b Boilk

The cranes ran on a track supporbed on a special platform which, 10 view of
e fael that the eranes weiglied 100 tons unlonded, was very sulstantinlly supporicd,
In the hrst place, L!’ntl:.hfu.lf pibes, 10O (L Gn Jength and 26 in. square, wers driven

FAGE CIGHTEEM

An interesting photograph showing twe types of Dlock-settlng Cranes.
an the vight a Jib Crane specially constructed for harbowr worle, vsing Fidler's gear, T h &

O the beft the Tian uslng frletbon gelp for lowering the block, and  wills,

blocks  ware

tovetailed one inte the other on all sides, in ordec to give the breakwater solidity
to vesisl the lury of the waves. They were not dovetailed in the mannere wsed in
the buikling of a lighthouse, but instead were keyed together by cotbing semi-
circular grooves in their faces, it being armanged thet these pronves come opposite
to oach other in paimg,  When the Dlocks were i position, bags of concrete wers
Hagod in these prooves. The action of the water at ence ciwsed the concrele
L solklify, &0 thal each block had really two concrets pillams holding it m position.
In building a brealowater the engineers are very largely at the mercy of the
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Three Million Tons of Masonry

4 110

=
RAE,

il utlier handd, when the water is calm wotle contimes whenover j’.ll.hihﬂﬂl.' o rumgy
both might amd day, At Dover, cven on the best days, it was only posable o wa
three hours on each tide owing (o the strong curments. Motwithatanding this, in
ong partienlar month over G0 Lloeks wern laid, showing o progress of owves 75 (L
e ol the poinits that had io Le c.urn_l'ul_l_gr watched wis tho ul};:l.l.li.-\;:illmi ol e
Balostloe pr deoimgy 1_.'.||.1I=, I sl woitlier 1!|E}f Il toe e hept [rem Irom IZ-IIII|;l"'~riIIII
by wnueed Dlocls, amd in good weather, whan the worle on tha hroslkwater was
being pusliol [orward with all possible spood, it was noccssary Lo ensero dhiol Lhaey
ware sufficiently woll staffed to be able to cope with the increased demands e
wpen them so ns not to delay the worl.

In the gonstrustion of the fest pler ot Dowver (cempleled in 1871 anly 81§t
wos Dl carang the frst 12 months, bet in the new Asmavalty Hachoae
400 ft. of worle was constraated in the sane posisd, shoawing how greal was
the advance in harbour enginsering. 1o the new larbowr ovee 1920000
tons of masonry wero wserd, and as the Dlocks averaged
sibout 30 tons i weight, the totial nwmber segquired wi
alout G4, 000,

The harbour warls included the exenvation of o
portan of the clill and it Leeame nocessary to buald o
retaining  wall  En
profect bhe exposed
challi. This necessi.
tated owver 1,000,000
toma of blocks and
masonry, n addi
Lion g0 that eedquirod
L'p',' the kreslowsters
3 Lhatselves.,

& Besides the
: IZast Dirosmlewieer il
= Ehie Admmaralty Hlar-
o r extodsion,
nnother  brealownter
el £o Do eonstroct-
el to complete the
schemme. Thigis quite
separate from the
two [ormor, Gml is
femown as Lhe Ll
hreakwater, In
artder o gave Lo

(10 F R LR A R 1 i T

1T

e

R

weather, for naturally no work ean be dose when the sous ane conoieg lugh. Cn

-

Base for the Dover Patrol

Blocle-getting yords, aml at the same time allowsd {ha eranes to b withdrmwn in J
Ll weather, |
Lt the Dover Harhout we have an oscellont example of Low, for the time belng, |

ol won a 'l.-'ii:t.l.'ul'!.-" aver Lhe sen. Thi Eraat broalwators havo withstood winters
of furious storms and the buge waves have
ot damiped them in any way. The
harbonr was of incaledlable value to the
Allies during the War, not only ps o port
from which teodps and munitions might
b embnrkeed to Franee, bot ol o o bage
lor the Drover Pateol. Hera, too, w:hnl:u"pr..
torpede Loats and other emit that wors
aoncormed in |rl‘1.'-l.|‘.1;t:|'|ﬁ' the eres-Clhinnnel
traffic frome aftacle by enemy warslim,
found el
Telore leaving the subject of Gollath
cranes, which wore spocially used in the basbding ol
Dover Harbour, we must mention that o addition
Lo placing the hipe conercte llocks s 4liese
CIEUeE wWiere 1.'I'|'||r|l'r]'r|| Lix nln-m'atr; Litipe elaimeshell |3|'.'|I\.|
used [or glearing the sen-floor.  These grabs were capahie
of bomging up Ove tons of materisl ab o time. T many
plaees the ground swas too hand (o Lhe grabs to get a bite,
and then o solid Glocl of tron with thiee -
jecting teoth wis wstl.  These
" breakers,” os thoy
arg ealled, were also
i.'.\i:-l'!r.'ll.‘[:l'l. feom the
Goliath crinmes. On
Licing  leweredl  ar
speed they arashied

LS B o S | B 4 o
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=
B

tar I leiz s lier, E.
aplinterang the chills i
e lnrge peees thal =
wisre pathersd b =
e prals =]

Il Cavalind =
wiere  nlsn |'||||r|u-.'| il
Lit Jivwer Lha aliving:
L lls Jeomn whiclv tho
el yers sl Uae Ll ks,
1r-|:-|:'|m|||||ﬂ i 1o
CTOnE-mnn ke exned

the  engincers  de-
cirh=l o bkl it a1
113 satne timne as the
ather  braakwaters,
Te this el thay sel to work to erect a hupge steel Jrame i the goa at tho end nearcst
lo the Eost brookwaler, bot belore tha fraome wis complete o preat storm entirely
tlcﬁtmyc:d it. Six manths were |'|_-|]||i|.‘rr| to remove the wl'l:!l'.'lii'lh"l.!. an Lhnt inslead
of gaining time, time was actually loat,

Adter this disaaler the steel framoe klen was abandoned, In its place the
trackway used in the consiroctisn of e Bast brealwater was carcied on lemponiry
supports acrosd thie south-east enttanee to the harbour to the Island broalowater,
This enabled Goliaths to bring wp the blecks for the Islasd breakwater from the
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A striiing speclmen of a Tilan Crane engaged Inowork on the barboor al Vera Crug showing the frctian geip Backle foe placing
the block in ||-|:|p.i:||:|-|1

threctinn s that hic
el RETFRGH the
crne o oBE o ronuired

ared 5o set the block in tho desired position
Anethor and larger type ol crane ueed in connection with haclour constraetinn

warle i that known as the " Tita”  This crane has o jib of the eanlilever Lype E
and the load trolley runs along iks npper boom, the whole jib turning on a live E
1'I|_'|g in A similar manner b Lot of the largs iy grancs 'I_'I:_iu,:l.lly the Titan cring =
is steam operabed, although cranes hawve been made for vse with electric power =5
where enrrent ia avmlable. - |
Titan cranes are frequently comstrueted of sueh a size that they welgh 500 B
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Mechanism of a Titan Cranc

HHiT T

tens or more and {hey have been buill 1o operabe lodils g o 6l 1ona. This typo was
evolved when the lloclc system of breakwater constiction camea inta peneral use,
A s the eage when Goliath connes nro employid, (he conerete Bocka ae easl in
Hl"-“(i:_'ll yords near the seone of gperations and ave wheeled on special Lrochks along
H the pier or gantry 1o o position oear the orane. This picks wp the blocl and swiogs
them ot inte the position in which they are to be ixel o the brealowaler. Tl
hlocks are then keyed together. as boa already been exdained, in orlar that Lhey
; may present noanlicl deont to the devastating aelion of the wives,
a Ul Titan erace lioa Lhe advantage ol |f-11'||-: winliide, o Phat it s P ble o e
It along the pier oy the constroction of o broalwater proceels,  Ewven more
important & e facl that o is ko practicable too witlulraw it slhorawnrds
for ahelter i ol sweathies,
These cranes are capable of handling concrete blocks sver o rdiva
E of M {e or more.  They do this by meana of the long eontilever arm
I that s mounted on o torntable, which itsell rests on o mossive auler
cariape,  The under-carriage ia mounted on donged whoels, runiing
an o gpecinl trock aml duiven by means of croven wheels fisel on
the anside of the bogie. A bevel pear, which meshes withe the
£ crown wheel, transnuts madive pover [rom fhe mun e me
= mounded on the cantilever arm
o The drive is balen to Lwae pairs of whecls, nne of whicl
s the focemiost pair amil the otler Ll fear i, Tha
e Trom Ehe aame rod s transmidted tooench af the
two crown wheels in o vory gimple monnoe Dy
means of sinall bevel wheols,  The ether palrg
ol wheels, the innernost on each bogie, are
loose wheels omel not connacted with the
driving  mechanism 0 iy way,  An
exactly similar arrnngement s chevisl out
on the other side of the track, the frant
amd  rear piars of wheols being drlven,
and the two bnner poirs being locse.
B The practice of driving fowe whesls

= oub of eight on each gide af the tracl s
g sumply ke of convenieneo and depends
= largely upon the weight of the crane

In the lighter crames it is nob necessary
to have four wheels to cach bogie,

The canitilever arm wnd supersbroctnn:
al al]l Titan cranes revolves on oo vigg ol
live rollers, which in the case of o large
crane may have a path of Between 30 amd
406t in diameter, The bearinps ore
formed by o series of turmed stee] mllers
beld bn pesition by a suitable frame ool
revelving on machined pachways between
thae upper o lower oireolar pindees.
T'H.‘ cmls of the rollers ean just bBa seen
in the accompanyimg  Hlestrotion
of 0 Meceano mwalel of o large
block-setting  crane  imuntedlingely
below the lower framework of the
canlilevur wn where it sests upon
the mmssive metal mounting.
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Meceann |y englneering In wdnlatare amd & compasizen of he akoue peoiograph
wilh lhal un the preceding page slows how clecdy §E Ty posidble 1o conglmct
miodeli #n Like Haes of repd engdloeering praclion,
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Balancing the Hupe Load

The whwte ol this revelving strocture is centrer] by means of a large central
pivot, consisting of a steel rod of considerabla

: i, dimmeter. The revolving motlon is  trans-
' e S LI mitted from the engine, or—in the ease of an

N, clectrically-equipped erane—IMrom the electrie

; . ) muotar, which occupics a cormesponiding position
I ¥ s on the oppezite end of the cantilover arm to
o that from which the load is operated, The

weight of the enging or electric motor heips
Lor D laumeds thye [ond, But it alone is not s ffcient.
A miassive weaight has alzo to be introdueed
to ack a5 A counterpoise, and il ois placed
||11r||e'r|1:|l;r=|}r beneath the enpime housing

The motion [rom the engine i trans-
mitted through o ehamn of spur- sl bevel.
pears, which ﬁ.ll:l"!,l' enpiye (o the EFH“IL‘."tiL!
spur trock, formed arogpril  the extecior of
the roller path. In seme cranes the gears are
thocowghly pratected (rom the weather by
covering them with heavy metal easings,

but thiz is not always [oonmd necessarcy,

Az proviously explumed, the same engine cdrives

the travelling motion of the crane in a similar manner
by rord and gearing,.  The gears are engonged or iis-
engaged by the engine-man, who, of course, also controls
the heosting and lowening of the load and the movements
of the trolley. This trolley—which s sometimes called  the
"orabh " and 13 alsa known as oa M Jenoy “—is drawn along the
comtilever arm by steel ropes and a Liting copa din, in eitcum-
ference passes over it to the hoisting block.  The lowerkng arcangements in
the erane illustrated are controllad by o patent syatem of hydraolic bribes,
which annble the heaviest weights to be lowered within limits of o fraction
of aningh with absolute precision.

A splendil B'?tﬂrﬂ[l1¢ of the Titan l}:pu ol crone {8 one erected at st
Landan, South Africa, and wlieh has played an inportant part in the
construction of the horbour works oand brepkwater, The total weighl
of thig ernne is 2681 toms.  The overdl length of the cantilever arm is
1180, Ehe height ol the top portion of Lhe cantilever srm from the ground
Beimg A0t The length of the arm from the centre to the nose——that is
the eml at which the lonm is opernted—in 78 ft. 8 in, 30 that the tail—

ar the portion of the arm on which the enginelioose s sitoated—is A00E, Gin,

in lempth drom the eentee of Ehe arm,  The crana amm revalves an o roller
path, which las a dinmeter of 24 [, and the anm is capable of boing
slewed through ong complete revolution in three minutes,

s v b eapable of Ttimg o maximuonm o] of 40 tons and the
a1 mate s Ioad over an oaren Che maximom radios of which
Thie tolal hegghl of il of tlee Jocul s 30 f¢, amd the load
may b Jowered 58 {6 Delow the level of the track.  The crne fs thos
citpable of lMting & lond over a total beight of 831t A two-cylinder
steam engine is used, the diamecer of the cylindors being 11 i and
the stoole |B in,

The crals rong on four wheels and a lfting rope of 3§ in,
circumierence is usel.  Lhe crab hag a slow speed of 220t
per minute and A quick specd of 45 [ per minute.  Its hoistiog
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Block Lifting Devices

specd on slow gear when lifoing it maxemum Joad ix 84 f¢ per minvte, aond 1ts speed
when mcking on low gear with maximum load is 22 I per minate. The crans
funs on LG whesls, each of which is bome on springs.  The wilth of the track ffam
centre to centre ol the rals is 1T [

Apart from the deigrmng, comstructing, amd the orection on”the site of the
crones themselyves, there pre
many other dekouls to wlict
the enginoer  must give
attention,  Take, for in-
stance, the questian of
elinging the lupge concroig
locks dnto puesiti
breakwator, The
plicsteed  foctn of
ATTATgeTI
concrete blocks s, o
= gimplie chip or paiv of jawe
There is a latge numbar ol
lesigns of these, ezch being
suited for some  deofnite
purpose or for softte pilr
ticular conditions ol worl,
Clips of this type depencd
y an frickion fn i
mgdifisl form & the same
type of clip—which, however
doos not depond upon [riction
—the loawer erdds are hool-
shaped, the hooks engaging
in apec:al recesses Toblded
in the blocks.

Foe lifeing  wory large
blocks of concrete ik is more
usaal ne 5 1o 1 1
[_I-'Iﬂ'.'-lnj_: shaough v
oles in whicl they
ufg  Febmifies] Ly
VATILUUE 8wt
Mapny af
theem arag
cgl|l-ra
leasifg.
Lilexe
satislact
when ilhe
blucks are to be set |||_|T.:-;_'||.'“|Il:|' in a mstlac mnmoer to g
bricks are set in bulldine 2 wall. T some brealowaters a1 more com abecd setbing
Is required, however, and the bloeld are sel at an angle er, as it is technleally torme
" on the inedned bond.' DBy setting the Blocks in thia manner, the breakwsator
is made to preseat o much more formidable obstacle to the rough geas than would
be the case I the blocks were set horizentally,

The p;nblgm of shaging e blecks (or setting on the inclined bomd presenls
some little cdofficaiey, whieh his been solwved by an lngeniens plece of machnn
iy called " Fidler's Gear."  Tiis mechanism consials of a massive L hanging

warkay

o Lhe vighl §s a p

in  which

MECCANO BOOK~ENGINEERING

A lidkleg example of enginesiing in misjature
On The it & sliawo pard af & Meccano model of 3 G

o | IIHTI[‘II ikl 1he same part in one al 1ac fral swanrg.
Wi Meceana [t s posalile to budld meleli Usat are aeluad replices in minlatare of real engineering consfeuclions
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Setting on the “Inclined Bond”

from & swivelling foint, the whole spspended by 2 speoial four-sheaved pulloy.
The rotating mavemenl of the Leam on the swivel is eontreolled by a g tal worm
ear, which meshes with a plnjon wheel on the vertical awivel bar, Apclfu';. hangs
from the ends ol each arm of the beam, which link supports steel eross-heads.  From
eich of these cross-hewls thers hangs nopg Lewis bar witha T end, Two perpendicular
hotes run completely through
the eoficietis {Il(:i:l-l,}, Tliese
holes are af sufficient width
ner ane al thelr seclions
to take the T-shapod picoes
at thie endl of the [Lowis b

Wiat hs ppens in

oporatian is this, The con-
crete | k. 1 1 t on
1 sjocio varl
wlhiere (L was ke aml laid
AT ITARR IR ] ( Titiwn  ciie

four-sheaved
Fudler's gear is
rhmen guide tha T=sha
ie bars through the ver-
tigzl heles in the concreto
bleek, Wlian those comes
pletely  ponetrate  the full
depth of tha block, tho bars
are pivon 0 nefer tu
wiich throws the T-shapal
end ouwt of register wikh {he
hiole amd thus prevents the
recds being Il Faven
orily bofore tho Lewis bars
reach the
bostoem of the
frilems tha
rollers on the

bearing
art the tof
gl the
1ok ancd
ra il |
ACTHSE,
mlering the rclalive |:1’!'.\I|.i|I:IL\ eal Ll poanis af surpension and Ehe Lewis bam

The sigmal bs now glven to the crane-man 1o hogst ; the engine s slacted and
the biock is lifted at the exact angle at which it is to be set in position,  The crine
liniste the block, swivels round wntil tha Beck s over its place in the breakwater,
and then lowers it @z i neccssary,  Whaen the block rests on the breakwater, work-
maon turm the 'l'-s.ll.'l.pull rods kil l.||1.'y are 1r megister with the hole In tha block.
The crane agoin hoisls and e Lewis bars are eagily withdrawn, lgaving the biock
in poaltion met ot the correet

Cranes of this Lype] have beon employod in the constroction of some of the
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Destructive Power of Storm Waves

best-kmows linrbours of the workl, ard ghey Linve plaved o very amportank
part in the development of the Empire.  Toke, {or instance, the cse of Poc
Elizalsethy, o seqpoct town some 400 miles east of Capetown,  This is lhe
ool ety in the ealany ool s sitnabed on Alpon Bay, abowt seven awilis
senth ol the mouth ol the Zwarthop River,

Tho Port owes its prosperity enlicely 1ot harbour and it has becone
the centre Jfor the trado of o groat part of thoe intenor of the country,  [Powvi-
|'||IB|_1' there were o convenient |;||1|_1_i.|1|__; [l]acrs ifil no it owan inlpmihlu for
shipra Lo loael or wnlanl,  Seme i|1'||1r1'_|1.l:-m|,'||1_5. i Elia oSt wera made i
IREL when the old pier 800 ft in lenpth was consbrnctad,  Sinee thot dote
cven moin exlonsive works love been coericd oty aned tlie hardboar is now
pae of the hnest in South Africa.  Port Elizaboth ia
omly ome of doons of similar imstances of how
pisant bloclk-setting cranes help teade,

Loolong bacleward for a moment (b s
evident thal, although progress in engineeriig
fras Veen extremely rapid o all dirsctions in
regent times, the development of great sea-
sworlis has beenane of the most striliing fentures
i the histasy of enginesting.  As we have
already noted, their ercction sequires greadt
core ancl thought, a8 they are gulyect to con-
tenmal havimering from the waves thronghout
the whele term of thoir existenca.

Poeple who only know the sen in s
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Development of British Shipping

A a psaritime notien Great Britalin has always been clasely concemes:]
m the enpgineering problems invelved in harbour construction, A few
hunctrend years apo neither the Royal MNovy sor the meceantile marine
wis of sufficient janmrl..JnI:d: Gor requine mdre harbour accommodation
than that provided by the natural inlets and shelterad bays found st
such plivees as Portamonth, Plymoctlh, Weymonth, Falmogth and Dhart-
mowtl. We find, lor instanee, that in 1540 thera weee anly four vesisls
al 120k tonas burden :I'I."Ei..'ltll:l] e the Thames, In ?Ill'l'.ll Ellzabheth's
timie the shipping of Liverpon] amounted o only 223 tons, the larpost
vessel being of only 40 tons,  How different are things te-day, when
the shipping of the 1'IE'II:ul'u:s- pxceeds 47,000,000 tens
and thot of dhe J'lT!:rﬂu}r s nl:.'lrl:,l 26,00 DS tons |

Whes we tum to the harbour and deck
aceommuoilotion provided at onr preat ports
we finid o similar chanpge, At the beginning
of the 19th century London had ot o single

IR ESETET A 10 A FYEEER PRORS:
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al
|2}
=

dock, whorens to-day thore are miles aml 5
miles of fdocks. The docks at Cardiff, Mew- :1
port, Barrow, Middlesbrough ond ot monsy =
othier places did not then exist. LEwen as =1

lite ns 181G Liverpoodl had only 16 neres of
doclk area, and Hull snd Grimshy wore no
bedter than fisling ports, as far as ileir docle
accatinmod ation was conoemed
"l‘:tlcingl our survey further afeld, we
L

2
] : ¥ peatler summer moods often fimd if difficult 1'I'IT:I Sonerete black beld In posttion by findd that the breakwator at Table Day was =
B to realien (e doestructiveness of the great :}dp'm1:Ir":'|¢:;:a:-_[Th.lllg}:“rlegll-::f:mnf:.II: I:r:e not pmnnw::umi until 1860 ; that antil 1875 -
= !tnm‘l wﬂ:s. A l;r:wy aoa sanily mﬂ;’ﬁ! racks mevements al (he ariginal Calnis Harbour had only 24 [t. of water on =
B amil heralders wesplnmg many tons. ErE One ita bar at low water; that Colombo Harboor =
& muny well authenticated ingtancees of this power. For was not commenced wakil 1820 o that Dover wos not =
3] instance, Sic Willinm Matthews, the colebroted ongincer, gelected ns nosite for a great port until 1548 | and that E
= L tellgua that in 1898 a section of the Poterhead proak- the brealiwater nbs Newhaven was not started until =
iy !.';r:lrr MIIEih:gﬁ Iﬂ.ﬁ?ﬁl {hnn m:lll::#f::ualmlitu;:t]{\!:mw‘ttﬁ :T!:‘.-‘:Ll i.'!,-egr?rlght n;tlem'lrllm Lizt {knflmmmﬂt'ﬂmm':r E
1] aefion 1 i harbour g i at dwring the past century work in connection with =
= wil compoged ol conerete blacls anch weighing 100 Tarbowr constroction at bome and abioad has gons =
= :_;ma |||1r]i 'l.'i‘i.':ﬁ u:.nppﬂll_lf_r L Irinr:'- ol fﬂ-t-:_:;; _hlbz;i [I1r'.1.'."d'l:l iy !nu]t'-{i_nll.:l Iimur_ldﬂ. ]nnrtl!hn;i ployed .'J.Frn_:n!;!_r =
- n topood all was o salid mads of cement welgling sart than nnything else in the developmaent of civili- =
:1, tong,  The engincers who Lullk Lhis massive structure 1-5.1li-r.-n in peneral anid the world's toade in particular 2
H R ll:lﬂi‘ﬁll.‘l“]ll:f' cnnvinesd that & was capnh]u of will- Ewven the enormous extensions ol pecent WEATS ,"_'.-
H standing all wave action, but to their amazemont the Dave scarcely enabled dock cnginecring to keep pace &
| Fidler's Cear resdy for s nob only moved the whole moss but nctually tarmed with slapping, however.  The harbour engineer has E
iy altacking to a cencrel § i B 1A - { . :
: o et nl'-wnrl and deposited it inside the I!.lrlx1l1rl As il cicauiged the pra-lluf'tuon .nl’ larger vessela by pro- o o el of e B
fer shiow Ehint ot conld da even mmora than Llus, \'H‘I:ng better dock oecemmadntion and in barm ler's Gear fue campariion B
thie siea peptberod the BO-Lom Blocks in gl slirceliony. fls that e is calld upon for further eflorls, =i “':-ﬁlll"ﬂnllu‘ b Leit By
In doe emirse Lhe damage was repaireel nmld the hlocles wrere mo- At Liwverpesd, for nstones,  the  magnifieenl G1AhE g H
placed.  This time the engineers, determinged (o pet the opper haml, Gladatone Dochs were opmed in 1927 and are the largest docles in i
| l.rl:lfl!ll o1 1Lhe Boq af Lhe conerate Bloala o g persbfuclii fe Iars thian the world.,  They éover an area of 588 acres nnd hove oo entranes B
Lhree Hmes as hicaswy as Bhe -:|-r||’.;'||'|..||. Omew mare the sen tonle o Jorile T AIFG I, om0 lengtl. :
2 hand in the gome and belore this 2,600 ton superstroeture hod Thos the process of expansion continues,  Larger docks lead 3';
& been in posibion twe years iE was moved and brolen in koll, to the prodduction of bigger ships amd for the safe handling of |
B The construction of worles to withstiand forces that e apable these still lorger docks are demanded. 1L b8 quite eleas that liar
B al :rcu.linj; sch havee would aliost szem v lle, Fuoeverleloss '|_'.r_uq|_;r-|;:.|_1i|:||||g :rn.':.l;]un:r.!,r has not yot reached the Hmic of its ':
I sl worles have been erectod aml There anllnence on teade wal esivilis developrment, amd in Fotnre we may expect bo sse evon [nrger cranes a3
I_-J gation has been enormoos, in uase than the Titans omd Goliaths of to-day, =
- =
= B
B =
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Engineering of the Future

the h::lill:hll_g ol llrjllgl_-,s,

HE progress made in
chgingering  during
the past century

has been so great that it
seems  scarcely possibile
that it e e maditained.
Maost af us are aurrounded
by suel o mass of en-
paeering nchievements of
all kinds that weo are apt
to overloak the fact that
in apite of all thesa de-
velopmants the engincer
has had little opportuncty
of influenging the worid ag
a whole I s few o
trics hia work i3 v
r'l.._-‘r!.'willlrc- and  lea e
flurngs hasbheon enprous
Bzt e excepdion al
the Unmited States these
Arc- itk '|:|I}' con -.uEg.r
small E'.u:-:l::u.'l.n eaitibries
angd there are encfiuous
nread of the surfars nd
earth where coe may travel
{or hundreds of miles with-
put seaing anything bot
tho ¢rudest spocimcons of
man’'s handiwork. Areps
ol this kimd nre to be
fannd inerowdail countrics
swch as Chinn aswell asin
the larren was al the
Arctic and  the Sabara
Diese

Imthe clty of (e fsture, Dalklings will ke larger and hdgher than they
Plead glty witls thie wondesful bay 1o he dis

There is undocliicdly
scope for an encrmous extension of the activities of the engincer, even in the moss
unpromising regions,  Forinstance, in many vast stretchoes of counbry themmhabitants
until recently were dependent for waler—the ficst necessily of life—on an oncerbin
and Auctuat |:||_, ST |'|v from wells and streams.  Ta- li'!.}' this 15 all |]:|=||"|::" 1 ||.|.::='
reaervoirs have boon constructed and dama erccberdl acroas Bl beds of vivers making
it poasille to maintain an ample supply of water in even the drieat seasons.  Diffi-
culties due to climate and lecal conditions have boen successfully overcome and the
water retained by the glgantic dams has been bomed bo pood use in reclaiming desert
arcas and in preventing fertile pround from being wasted for lack of water wher
the rains failesh, 14 95 qnteresting o nole thal Lhese gigantic sehemes have been
carried out by Dribish enginees.

Similarly the j:l.'lillu'.-'ulnlmlix b Ui means of transport that have been developed
on each side af the north Atlantic Geean aro being extended slowly to other parts
of the warld., The atlvent of the ateoam locomotive i any new country noecessiSa

are fo-day.  Thiv photogragh of Sanp Francisco shows Lhe basiness quariee of
nce, mnd suggests bow dewelopmend wil| progeed,

L, Ty : and the bnrul.[.; al toiinels 3
the arrival of the molor
car (emands the con-
struction of roads: ond
with the ceming of tha
aeroplane erises the noces-
sity of providing  safe
landing groundn.
Althoaugh enginters
hawve been busily cngaped
in the nocessary work to
meoct these o s an
oteerver looking ot tho
th from the outside
uld net  be  greatly
mpessed by the resolbs
In a fow countries h[‘
would =ee the means
duction MAC
va et shipping w 1

slatliad oy -.:.:In:“' oulil sce the
L nning of efforts o
1 this domaml ; but
ere he cosld not
to Le struck Do tle
hiat milllions of people
still |}¢.i"|:':'|-:'|.". fer
C I'|"||| il LJ-L LETNOEL
I|n|||.._.| ciforts ol
v hancls

ithe taak of e

|

o doult Ll
sthe Bulls of s wWork an
the immediate fatare wll
Iﬂr:}-'. arl woardls sl BpTO ad 1o all derectiens in fertilo lands
-||I thia inhabitants to dispase of thair produce mlanofnctures will follow
amdl the rivers will be hsenessiad to !"-:':IILh‘I."r‘ lecttie peswar an 4 vast scals.

As a result of this extension a large demand will certainly arize for materials for
the building of Lridges, Ehe conskruction of dams and other works, and eventually
thus will lead to simndardisation of parts and practically to mass production,

Take 11r;g}t’_'c-b|,|ili'li||g Irir i:::.'imr!-lc At present tha 'I1|||I|Ii:|‘.|[.‘: af prieat Llfl.n:!lgm_
sich an thoas now haing ereoted o apan r'i-:,ll:!"u. v Harbour and the Hudson River at
Mew York, is the work of years. When the site and the design of o bridge have
apen finally setlled it i3 vsually mecessary to crect special .uknilnw in the neigh-
bourhosd and often alse to deviso new methods and m

inery to facilitate the
work. Compare this with the task of building & sew railway bolge ovef o nareaw
country road Girders ane plates of the required size are I:ra.n-r|||.|tr:|l to the apat,
and at the appcinted hour workmen communce bo demolish the eld bridge and to
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Bridge Building with Standard Parts

place each portien of the new bridge in position.
Everything 1= Lhen made secure and in a 6w hours
traing once more may pasa over the bridge swhich may
ba sail to have asprunp into existence ready-maocde.

Why should nol this be dose with any bogdge
irrespective of size ! The chiel lorms of desipn are by
this time well known and ooderstood, amd it is surely
not too moch bo hepe that some bridge-boilding ge
will devise systems of constroction that will enable
any bridge to be boilt up lrom easily made standord
pearts just as models of them may bo le wp from
standard Mecenno s,

The suggestion ol the applicition of mass pro-
aluclion methods Lo bridges os Luoga as, @ey, Lo Ll L
Bruddge gver tha Sb Lawrence Faver may, at sl
sight, appear somewhat  alsarnd It 15 trom that
there is no great demand at pressnt (o large bridees
of thizs kind, and a eommercial traveller n:ln'lyuu.;
samples of them would do well if he made one sale in
ten vearz | Farther, the cost of laying down plant to
malee tha necessary standard parfs woull be very
preat. Tt must b= rv=||||.:r|1|n=|:|=||I howewer, Lhak ex:u:!ly
similar abjections ywere made to Henry Tord’s schemaes
when he eatered the metor coar imdostry ;) bot he
perseverad bieauge he was convineed thot standardisn-
tion would mean price reduction and that in conse-
quence i hupe market for his ears would be crexbed,

A lttle thought will show that there 15 still
enormous scope for bridge-building even in Great
Brtain. A bridpe aeross the Mersey comparible
ta the Mudson Wiver bridge would b of enonmoos
bomelit, 5i1:|i|.1r'|>' we fingd Souwtl Wiles cutb off from
=om b -western F.n__:;t.'l.ntl., Kent from I-:-.m:c, amil East
Yorkshira from Lincolnshire by waterways thal
casily might be bridged nearer thelr mouths, Ewven
il |_|:|'|.|"|];;|_~ acrass bhe English Channel is by o mcig
an impossibility,

Another important point is that as o mila bridpes
are nnk erccled until thay are abeolutely forced uwpon
e, A oworld governcd by wise engeneering prineiples
womilll foreses thio necesiby o e dvinlages Lo b
mained aod woald  procecd Bo bwild with the anl of
atandardl porks, 1t ss besnose Uie bone of the Canndian
Pagifie Hailway was entiicd across the continenl before
||1.'|_"_'_‘\.:H|_!,l' f_'\'_'\-l“!'ll_l“d_ll,l k= I_'l'\-||i1l||_"| 19in .'I|I-||. (11 i\ll|||l|li!|.| i
al gnarocling |Ir\-rlnp:n|~|'|t:;. thot Lhis rpilwny dlescrves
tia Toothe o omee of e preatest enpgine Llrilu.[ 1]-.".'l:|.u[:lll'||! nks
b bl warld.

Stamdarcdisation of parts wouhl ba made oasier
by the introduction of anew Buillding materinls, At
present wa nro liwing in the agne ol iran buot in milny
respects Lron is an wasatisfactory metal, It s ueaed
on guch an enormod Stale o dwdustey and in cone-
structive engineering because we do nol kmow a more
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A Successor to Iron and Steel

auitable meatal, but it has the preat cleawbash of baing
L‘rlﬁ:||!|' corendled and rosked.,  [E has besn ealenlated
that the annual less from rusting and eorrosi on amaunks
to oo less than L5400 000,00, and yet the only practical
methesd that has been available until cecently  dor
protécling irnn from rusting bas been the liberal e
al paint, The compuratively cecent introduction of
ruslless steel may possible put an erd to this waste
wnd enaintain the prosedt position of iron as the woarkl's
r:r'm-t:u_v steuctural mebnl,  [Eustlews siesl i neﬂ“]r nn
alley contmining abaut 13 per cont, of ehromiom, [t
i resistant to most forms of corrosion and is likely
to find an increasing number of indostnal applications
such ny in hy\dr.a.ul{u e, and dim dock, bridge
and ship construction.

Another important point in connection with the
wae of iran ia that there is a limit to the amount of the
motal available. A wellsknown geologist has stated
that if the world's consomption of iron continues o
increase at the same rate as before thie War, the soppl
of oro probably will be exhavsted within 130 to h
years, This soggests that the time is appreaching
when o substitute must ba found.

It s difficalt to say what new metal or allay will he
developed to tale the place of iron and steel.  Alu-
minivm or magnesium may come inte extensive use
in some form or obther, as alloys contalning them
combine lichtness with other valuable qualities, and
cesearch work may resualt in the prodoction of alloys
having the necessary strongth.

As far as reservoir and dam copzbruction aod,

Tinom less degres, bridge-building are concerned, tlue

use of reinforced  eoncrete mades  standarndigation
comparatively gasy,  Ferro-conerefe blocls of standard
sizes may be made withoul any difficslty wherever
they are required, or alternatively concrete may be
pourad direetly into ibs finnl pesition by maoking ase
of standard mealds, This method hias been intro-
dueed already in Amecien where 5t 05 femployed bn
the emcclion of the Buapge buillings [or whieh that
counlry is fnmong,  Another interesting and impertant
lenture of concreto 15 ik its introdaction wall help an
canserving the supply of iron. A considerably  less
amonnt ol the metal will e mqurrml mned fnoagdddibaon
peowall b peotected by Lhe concrete in whicl it s
embedided from the eorroding eifect of moist air,
Tho foture ol cngineeri nE nust Ea= fooked b nlsce
from another point of view,  The preat extensions be
which we have refecre]d will ol only call for i |Jlr£1’.l
number of trained cnginecrs than are to be foond at
the present day but will result also in & much moce
intenss etudy of the science. This study will be
carried on by generations that will be more familiar
with engincering methods than the present genetation,
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Future of Transporc

and we may note s pagsing that the growing tendency to think in eoginoering
termn is Leang stronply encournged by Tnmilarity with the Meccano system of
mininture engineering. This study, topether with rescarch on the composition
anil propertied of materials of all Kinds, will andoubtedly load to the discovery of
new  prisciples and the ap-

HiEd

]

Possibilities of Moving Roadways

board tha slaweat and work up o the fastest by stages that do aot involve any
suddaen and wncomiortable incroase n spesd,  Pressmably these T T T
wouldl ba furnished with adequate wiiting-ronms and lounges in osder Lhae oy
may be mude in comfart ot least equal to that of the present-day Pullman coaeli

Methods  of  this  ldod

pheation ol old principle=s o
new Torms.

It is impossibla to say
what oew principles will he
developerd but it is probable
that thess will Lus an |a|.'|rl'|i|1!|rI
to thuse wihio live to see {len
H1 llll: I|:|-e:|;.||:||:|i1.;;1.! aml elee-

trical methods now in wse
would be to ot ancestors,
It must La romembered thot
the introduction of coaches
with glass windows wai con-
sidered wonderful in the days

undouhtedly  would  prove
[ very walunble espeeially with
in the restricted area of o
lirpe community ar city, but

e EN it s doubtlul whether they
-*?1- will ewver e :!rm]up@d for

. J} |l::-||[.: iliskniice commnicalion,

e Ty would nvolve the aon-

slrpction of onoribous puwer
Pplanls Logether with bearings
and llexible joints possessing
. capacity at present un-
tlresunedl of for reaisting waoar
Es e e L aml  tear. 18 s true that

of Charles 11, while at a laler
meriod the snbstitubion of stogs
coiches by milvways whas e

gardled as an abselute tevo.
lution, The spread of the

thiese  requirements may  be
imet as the resolt of Torther
cxpernitent and research bak
it scoms Ifrinlublc that more
eeonomical and agually satis-

iran rodil wis t]:nzlght o be
catguest  that inwolved  the
complete deeay of road travel,

[actory resulis EELiNy be oh-
tained by developments of

but  eventualiy there came
apother surprise when the
maolnr car made roatlls mare
important than they had ever
been before,

stationary  tond  system ak
I'III:'\.I'.'I“‘. i s,

The imevitable increose
in the specd and volume in
vehicular trathc on roadways

) the moving  vebicle  amwd

Surprises of this kind we
'|:r4|1|.1l1|_5.- in store for us in the
Ieture  lso, The  averapge
proplet visualiscs Lhe (uture
ag bound up with the aero-
plann and imagines that the timo is coming whon passengers and poods will e
carried through the air almest 1o the exclusion of present-day methods, Mo doubt
acroplanes will be so moch amproves] Gom the point of view of stalality, g
and n”EEFI[}E power, that fights round the workl will be less exciting than o voyan
in a 50, ton ocean liner is bto-day. But it s for moee prolable that prealer
use than ever will be made of improved methods of tronsport on lod and soa,
The enpginecers of civilized rees never allow any of their achisvements to go to wagto,
They may allow thom te le neglected for o tme, bul ore always eager bo seine
any apporiunity of improving them,  The woerk of the famous men who built
roals in Englaml towards the eml of Use eighteenth conbary was ook miinod by
Use corming of the railway, or instance, aond it wos on the basis of Dwelr work that
ihe tnsk ol reconstincton and exlension was comomencel,

What form will transport en Farth take ? It hos beon supgpested thal some
foorm of moving way will pravide the means of travelling in tho futurs, and tlae
it wall be possibbe to travel [ram London to Liverpool, for instanee, by simply stop-
ng on ta o aerbes of plnl‘.l'urmn HHAVITIR hetween the two cities like cmwlless belis,
Ji’h-:-.m platlorms will move at varying apecida in order that passngors may host

I will] b aeei BEAE Mhe Grea over Whick the J&lliscsce a

T lhe ahowe map the Mack sreas show where the englneer lbas been al waork for o consdderndle perlod, nod ibe shaded porilons
lmlbkcale where he s mow penelraling.  Englneering deﬂ[nrnul.l; o Jamds lefl wihille have mad ped hegun,
the emglnesr haa boesi sxecled ln sy nolable degres b very small, compared
with thal awalllng hiz attenlion,

will hrimgy abwak l,l:l.|1g|:r¢:-u5
eandition ol affairs to cope
witll which twooway  traffic
will be abolished in favouwr
of the ™ oo track, one difes.

Hon ™

methed in wie on the l.'.lil'“’.l.}l‘ﬂ..

Anctler inferesting point copcerpa the fight between the tubber-tyred wheel
and the whesl designed to run on ralls. The stragele wall prabably be won by
the fatber, for two reascns,  En the Best place, the population of the Earth will
winiloubledly sberense so greatly that there will be po space belt availnble for rubber
plamtatdone, overy possible acre of ground being recquared for lood-producing pue-
poses,  Secondly, the future development of hight alleys already rolerred to will
make the production of rik ol motal wheols on o legs seale a compacatively
masy matler,

Tl wiatory of the rail weill be nceotnpanicd by the abolittion of the dowslic
rid] in favour of the stgle ral with gtreamlined mono-cars balanced by a FyFOGcape,
The raili on which these cars will run will vary considerably in size to soit varying
weights of traffic aml an eliborate network of them with properly conatructed
junetions will ecswar the coudtey n ol dizectiona, The pavate cwner of 8 mono-
car may hawve rails leading from lis goeapge to the puhlic maiks or if ke has ook, he
will b wble to place his car on the [ntter quite easily, o its metal parts will be made
ol some lght alloy aml Ehe remaind er wonld be constrocted of falrie of HiiLle wolght.
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Coming Era of the Mono-Car

Difficulties of transtnssion of power aver lone distanees will have been over-
e inoome way or anether e the time et mono-enrs have been fully developed,
artil the mingle rod] may e mcde (o serve as o0 meddbum for the supply of elestricn)
Jwaver Lo Lhe
wiTosropa anid th
the mustor [k
dlrives the +ar
Th ¢ Intsor
sveaile] el
surdly small be
nmotarist ol Ele
present iy,
whe 18 peens
fomed bo the
||-::.'|1'l,.' massey nl
wielal eonntibne
ting ihe peiol
ehEies,  pe
lowes and back
axles of the ears
fthat nmeew ranl
as the Iast wori)
in er“il‘l:‘l,"riﬂﬂ_
Hut the reduc-
tion o vweight
brought about
by the ose of
Heht alloyvs arul
T thar pleence
ol el wiright
in the shinpse of
gearing, fael anl
conling — wiLer
will make o very
srinll - powere
mator qui ks
sndficient to pro-
pel the mono-car
ol the Tuture ot
very high spesds,

o nddifion L Sl o & greaiden] o rull
to the  small 'I'I::E.ld elow of & grealdeal of frafic.
priv b ly-caemied
ird thern will e !IITJTI'T mnes avallihle {or l'n||:||i|; wie,  These wwill be eanstrechel
ufl sonwewhot sionilar ’Iillli.!,'i.l tng extra provislon will beoouade for the comdot and
well-bring of U passengers of the future, who, oo deaht, wall examine the Goest
of omr Pullman coaches ropusing by their musenni with feelings of surpriso thal
| ba:ing‘.- .'.ll{:l||4.||.:|.' trwvelled 1o what would secm bo e uneconidort alde WL O
that lwreled mmd stagpered at the absurdly low specd of GO miles per hoor |

Turning from land travel to transport by water, it s certain that sea-going
vessels will b lorger and smore eommaodions,  Standardiged systems of constrsction
will no doubt be adopled Lo oduce s gual woed Lhe Lime speat in baibliog tlem,
while their m:ldﬁnery wall cq:rtninly T minch miore Dﬂrhpn-ct' frid p-uwcrlui. The
exact form it will tuke will depend very Tarpely an the futore fuel supply, bat there

N

T
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A forecasi of & clly of 1he fulure, Skyscrapess of enocorous slze will be Infer-conmecied ol varlovs leveli by roadways and posslbly fallwayi, Thei relleving the

bie buldding af roadways to coinecUikysorapen in s masiser has alieady

r pasienger of \he futmee will be nmhed wadlily upwasnd In an elecinie glevalor o the st roof of one af thear glant illdlogs, wlicre bie will find & complete
eulpped serodrome with ale lsers leawdng for, of arclving Tram, all parts o the world,
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New Methods of Ocean Transport

i na dowl that some of the steps ol present existing Belween the sourees of e
neul the Ninal impelling syntent will be either abolished or 51I1I|:-||I'|::|| consideralily,

It in not altogelhes impossible that eables will streteh acenss the eeean, from
which E|IiFll_. miLy
nke upE isTTent
o dlelve eleckre
ks, Ligaks
that wera really
mewe starlling
than  the pro-
winion ol duch
wires live nften
heen 0TI
plishedl by an-
wnerrs in the
past,  and  the
attempt that is
1o be mode Lo
pleee a slring
ol fMleating
lamcling = si.il:._'_l.:-i
aermae  lsa AR
Iontic Dhepan
luloe Btepping
stounes may
evontually lead
1.|:rl:IEvElr_|p|:nm'|ts.
afl  this  Lind,
But I ships
cantinme te Tun
unter their awmn
power o furm of
Diveel  engine
with  electrical
troanamisasion
seeints likely to
Decoane  promi-
nent and will no
doubt hold its
covnn for o énm-
sdclerable P s,

The  Eimae
in approaching,
Ibovwever, when oil aa well as eonl will Bl s, The exhavstion of the sopply of
thene imipockant fuck i@ nol a matter for alirm. Cher seuces of power will be
diseovered, or lo male a more accurate statement, other methods of osing the
peower devived Teom the Sun's heat. At present we make wse of {his immense sowrce
of power an oo really erade and second-hond Tashion.  Wa have begun to make
i of sueh sources of natuaral [Fownr G5 walorindls, nnal pcrnh:n'hl:,r the timne i mot
far diptant whenm the power of the tidee and winds will also be atibsed,  These
indirect methods of wsing Sun power are not wasteful, Dot they are somewhal
capricions. In time to comie fore ditect methads will be brought isto sse unider
the eompuleon of nscessity, and the total horsepower that will then be available
will be immeasurably greator than that with which we struggle on to-day,

ancnlomaly caled; I mnre thai ome & oserlenin tl'lgl-.
I
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Mighty Power Plants in the Tropics

In the daw wiien we selv cpon the dircet oot radiated by the Sun, plants lor
e er 1|:r.uJ.|.||1.|uu will ba more concentrated.  Instead of mynads of little pver
plants, some obsolete and many inefficient, seattered over the mirface of the Harth,
there will b several stations distriboted around tho Earth on or near the efuator,
where the Sen's radlation is most powerful. The hest concentrated by mirmons
or lomses ol seper-gloss
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Aeroplanes propelled by Liquid Air

at e penerating stolion is 1o reach a distant paint in Ll mlanner.

Wherever tronsmussian ol {'|1:|'.t]'il':ll‘|_:." I'r:.:-' WIiTE o nny other means is ]'.-l:lﬁ!ni:hll.‘.
this method of power distribotion will po doubt be adapted.  Dut for peroplane
propulsion, and for ships, cthber suriace or submarne, 111] id air may prove to ha
valuable, It may be produced in compresaors at the geeal power plants near the

equator and stored umler

will b used to evaporatc
a liguid i s, il L
siipe il Ehe resulbing
wir Wil b atilisedd in
nt oy lumlims

Tiwe hapand psel il
niel b wentur
et waler is sl
it is ._'Iu*-..ll il
||I|=||I|' | and its I-:I||:|\::
poant s not incoave ety
high. We e wa thor-
seustamied o the
CaL AT EREICs
<tion ko hsc
any  other liquid  £han
wiber comes witlh scme-
thing ol a sheek., T
irom I'I 1
Vi
Lo obtzined fpoom micrcury.
_Jls.b.m \|l.-' _-.-luc.|1
with ok Lailing p
Lt it has  neverthe ".1‘.
Lesegy Tonaml aossl uil:‘ o Uk
ttoOh 4 eom
lor pawer §
vapour Leing
after ledving thie wi
c3.||"'d1.. anid
thus  libserated

TAEES ETE BT cy|||1r!=rli tliak
are ensily frensporialdle.
This power modinm
ay b pzed in b loreas
b owendl B2 allowied
L expanel e gome Diwniil
b twrlsine, where
af il enomi ¥,
(el e far minre e foc tive

than steam ia at B
day. For an

o wineh  nd-

I weight mabkes
nrlditiona]l power neces
SATY, mneleeT y anil
propellam will be smitied
e liguil air

1 to expanil
vhronght nozzies dimocbed
0] the reaT of tho planes,
to propel it forwarnl likc

b Tc'1n:~r This is by nn
a WY
S ¢ sl suggestions

using liguid 217 in this
= [ave izl -.'n,l].r lsopn
A Its wse s nat, ol
ciurse, feasihle at  Elie
|.'r's.|'|||: |i..f.' nn accrant
ab its high cost

The lanbislic stunes
Lsat we olben Tes { the

liquiils may be discovereil
to liave thermal proper-
ties aquid to those of mercury, and with greaber éxpericoce in building beilers apd
cylind o withstand higher temperatures, thers scema Littls doubt that ons of
these will come into use instead ef witar.

The power preducel by the great plants to Le erected in fle tropics must
ihen be tranmmitted bo cther Tegions of the Earth.  The forms in which the trans-
misston will be made will depend very lamgely upon the purpose lor which power
s tequirsd. Electricity will certaimly play a very important port, aoil alsesdy
it is comparatively easy to trapsmit lighe-voltage comment to enormons diatances
L',_'.r cables, _.-".:Ienlrlts Tiwve beein made Lo do tus withoul wites, Lk so far thers
erem 1o be serious diMoutiies {n the Wiy ol wireless power Lris mitslan, e amount
of powor receivesl at any one place boing & very small fenction of that radiated
Some development of the beam systom may solve such difficullies, or an entir
new method may he jntroduced § but in any eoso grent modifeatioons will o peces-
saryin wireless apparatus il & |I:L..|_'.- sotisloetory proportion of the power developed

Ferhaps Plecadilty will ook llke dkls o the vese 2000, witls lines of fast suburbai electrle Iradea lakiag the jilace af the molor ITafic af Ui preent daw,

R0 ST WV U NNV RRR A W G {0 TR T | N T ek e L MR p ErE B A ST

CHOTNOUS [y Lol
Lt wld abned izt fubore from
lont of ntoms miny be edmreparded. Tt s quite true that the bem-
ure of 4 chunk of pullgm s higher than that of (s syrroundiogs, amd that

per

this remarkable sowcce of heat continues to operate for incredibly long poriods,

A few toang of radlum would thos be very valuablo—but so far the total ansunt
that his Lean asirocted is |'|:|l!_'f' e po uwivil, and thers is no indieation that F such
quantity as i ton exises in the Barth within easy reach.

It may ba noted that we (o actually make use of the energy of disintegrating
atoms, as Lhis sourco of enorgy scems to play o great part in maintaining Lhe tem-
perature ol thie Sun. To maho use of 1t dirux;.ti_-r 1a another makter altogether,
"l.'--r_l.' few clements rarliate EOCTY of thin lond .\.i:-ml‘..‘ulen:u!y. arel while there in
no doubt whatewer that anoimons ateces of encrgy e within all soms and would
be available for uie in gomo form of hberatod by theis breale-up, it would require
more energy of power to decompese them than would be set free. Oo the averdage
fhe cost is ag pressnt s.rl:mntllin[.; Tilee 100,000 times Lhe giin |
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Development of Skyscraper Cities

Thir brealeanp of atoams of aluminium may be alen s an illestotion ol s
Thiis melal '|'4'I.I'|I|15 viekl the mflammable gos hydosgen on bombardment with the
rayvaé [rom rdiom. Bul il the rays from the entive slock of radiom in thee world
Wele |1mjc-|:lq':-l mto nosheel aof aloamininm o e next seven YOIk IE, {1|:||}' ane eulie
willlimetre of ||}l|.|.l'-::l|:|:|'| walld b ||Il.n|1||:|-1l. We can find better uses Tor culiom
than this
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Meccano Boys—Engineers of the Future

ceealators Ahal Lalee i ool while bringing him nearer the ground.

| A suggestion of this kind has already besn made quibe serioonsly o Chicage,

A poeabead American cily thab promises to preduce many splendid bleas in the

futire, Tt Bag been proposed toerect a line of skyserapers wlong the Loke Michigon

fromtage of that clty, with the tallest Duibdings in the wdddle of the line, the heighi=
llrcn:m.,qi.ql.H towandls  the  emils lua=

Summing up, it may be goild that
the two chilngs that the engioneer ealls
for in all cireumstonees are ample
supplies of improved materals ol
power.  We bave geen how these wants
will probably be supplied, the Tormer by
standnrdisabion and research on fiomw-
rusting metallic alloys, and {he lattes
by making more direet use of the Sun's
Tent. WHLD Dis pesourees thias lnceensed,
the engineer will continue to play an
increasingly importamt part in life,

Tmi futore we shall live in citics tha
will b |11.1.r|1:u'v1 il areerte] 11}' BIMTLIEGTE,
whe have already invuded the Tuilding
world in Amerca. The preal heipghls
Eoowhiel the steel aml cofcrete erections
of Ammeriean eities hove Been talion ia
nmessiee of what will o done throwgli-
ot the world om the populatinn inereases.
The difficulty of supplying cloan fresh
air ko those who live and worle on the
lawwor fioors of the great Talldings will
Bair el vl ey gl wisies oof |:,:L|1|f|.||'|:.1,r ||!:|.|||||'|l
ety through whicl filtered e will b
suppied, while lamps that radiate
seientifie Blond of infra-reid and oltea-
vialat rays in suldition to the usual light
rye wilk be maore beneficial i then
than sunlight itself,

The continued  ineroass  in the
number of people par square vard in
eroweded bosiness and wesidential areas
will alks make the provision of avver el
means of transport decesshry, &S may
be realised from tha faet thoat if the

tops of these buildings will be bridged
by o readway, along which those who
work in tha buildings will pess on
orvival or departurs, whila they will
leave their ears duaring the day in the
parages arranped  on the appermaost
floors, A scheme of this kind  will
relicve conpestion ol  traffic o the
sirgets and thus prevent  waste of
wolunble time.

The engincer will alse  fole in
fagtories and in .-n.gril:ulwm. In the
former be will hind new methods of
carrying out the fundamentnl procesacs,
and lie will be greatly assisted in this
work by the reanlts of @ mom scientifio
stmly of labrieaticn as well as by the
new allovs that the metallorgisis will
produce.  Apricoltural machinery 1 om
};'|1|:c|.'|.| nesl nl 'imr.hl'nvl.-n'u:rl.l:, bt ot
'|1:|'e5r=n|: the lagk of poTer |:r\e‘-'n|:||_\1
developsnents, Beath  steam-engines
aned peteol motors are being wseld more
!:r:l-s]nﬂl!l'.."_ Pt Bl coanttplele e il zie-
tion of this uulustry will not became
posaille ol cheap  clectrical  power
v widely distribwted,

The |ast place in wlich  pawer
o any comprehensive senbs owill D
intreduced  is the home, but in the
|:I._'|'_|':|. to come T will e 50 r.hl!il.Tl
in comparisen  with haman labour
that the latker will be displaced almost
universally, There i, in fack, no sphora
where the efforts of the commesr will
not  be productive, for o addition

Woolworth Bulldlog and other sky-
perapars on Manhattan Islond in [ew
York dischorged all their occupsints ot
once there would not be standing moom
Tosr Aleem i ghe streets o the immediate vieioity.,  The buililings of the cities of Lhe
Tetnre will therelore e connected by Dridges af vareos elghis Tor foot anl walvica by
traffic so that it will nob e aecegsary for all their scoopants Go faollow thie same
routs in entecing or leaving.

Hipleapeod egealators will ba peavided, in addition to express lifts, and if the
pcoupant of an ofice on the fiftieth floor of a bullding near the Banle of Eoglaod
Londen gets tired of travalling to bis home porth of Hampstesd on the mooo-rail
cazs Llal jun through the gily al diffeicol levels, e may proceed by o perics of
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tn his wtilitarian wosk he will join

An [rmueeslon nf Bhe greeat land lnera of the Ddore, careerlog slong apeclal olovalal roadwayi, the borces  with others to Eiw Pm':ti':r'l
ilumpl ol ihe englnece,

cxpression o omany  deas  and  dis-
coveries that will acdd !’:’I‘(‘..'I.H:.l' b Lha
erjoyment of lile amd increase the penecal standacd of canfort,

This brief symvmary of the engineering of the fulare & necsssarily ineomplete,
T TEZH George St plcoson was I pesition Lo winwalize the preat choanges in Crans
prort imetbuods that Lhe inbeoduction of the steam engine would bring about, bot he
wannalel Buivve Tt qquita unablo to foretol] the introduction of the petend engine, aml of
electrie lighting and power.  Simitarly, principles that to us would be new and
startling will almost certalnly be commonplace features io the engineess of the
future, who am tha Meecano boys of to-day,
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The Boyhood of Famous Inventors

Most of the world's famous inventors and enginears
showed their love of mechanical subjects in their young
days.  Iow they would have welcomed Meceano {hen !
The schoclboy, James Watt, ameaszed his feiends Dy

building a small electric  shocking-machine, therein
displaying that love of * making things work " that

alterwards led him to fame and {ortune as the inventar
of the first practical steam engine. Samuel Smiles, in
his biography of John Smeaton, the lamous lighthouse
builder, tells us that ** the only playthings in which he
seemed to take any real pleasure were models of things

In'-'cntjug new models and moevements in Meccano
15 the greatest fun in the world, and there i3 fittle Joubt
that the inventors and engineers who will make their
mark in the future are at the present moment building
Meccano maodels.

The Meeccano system 35 peculiarly adapted to
experimenting and inventing, not only because of the
interchangeability and scope of the parts but also
because of their exceptional precision. All the strips,
girders and brackets have equidistant holes, ball-ap-
inch apart and spaced to the 11000 part of an inch,
cnabling perfeet connpeclions to be made, The pears
and pinions are machine-cut from the finest brass.
They mesh correctly, with the correct amount of play, and
they operate in exactly the same manner as the gears
and pinions used [or big machines, [t is interesting to

that would work,"” Young James Nasmyth, the futore
inventer of the steam hamuner, speat hours in laboriously
rarning wooden spinning tops and making small brass
cannon.  George Steplienson, during most of the [ittle
spare time he Dadd wlon a oy, canstructed madels o
pumping and winding engioes out of clay.,  dison, as
bow, experimented with a telegraphic instroment in which
the wires were wrapped in old rags and glass bottles
served as insulators.  How much easier would the tasks
ol these famous men bave been had they had Meccano to
assisl 1hem with their experiments |

The Jov of Inventing

note that many large engineccing firms always keep a
stock of Meccane on hand with which fo earry out
experiments and to lest new ideas,

As soon as he has built all the medels shown in the
Manuals, every Meccano bay should szt about improving
them or building others according to his own ideas.
New and valuable parts are constantly being added to
the Meccane system and cach enables boys to build a
wihole seres of new and better models.

Every Meccano boy should try his hand at inventing,
lor there is nothing in the world comparable with the
joy and satisfaction of ereating samething new.  When
he sncceeds In producing a new model he should enter
it in one of the Meccano Model-bullding Competitions,
announced every month in the * Mescane Magpazine, '’
Splendid prizes are waiting to be won by inventive boys |
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A SELECTION OF SUPER MODELS = =
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Tank Lacomotive
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The models (Hustrated on this page show the wonderful possi-
hilities of Meccane. They comprize & selecton fvom a range of super
models that have been speclally produced by oor cxpert desipners,
Each one in the serles s a masterpiece and theee |s nat a boy in the
country who will mot be éager to build them all,

These maddels are sn important that we hove engaged expert
engfineers bo descedbe them, amd a special leaflet with beautiful half-
tone jllusirations and detailed Instructlons bas been written for
cach of them.

A deacriptive leaflet, glving full particulars of &Il the models in
the serles and the prices of the special Imstruction Leaflels that are
Fuhl]sh:d In eonnection with them, may be obtained free of charge
rom your dealer, or dlreel from Meecano Limlted, Binns Reoad,
Liverpool,

TR P LD

LRITHAEET s T i R A

[LECRRRIELEEEETE JTFE1ITRRD A= AR RE i

[ Loom
Thiz én prelefc Lhe crowiiing doacmarcnd im e domg s af
APecomio siicresses.  Thesalarial pooducal by e Al ezd o
Lowsix 11 meereptlainidy moipen goid conkd ke wiad far secd -dies,
Aad hamds, #ie,

S R TR T T T TS TS

Trave I 1 i n Gant ey Crone AT R T AT T T TR O T LT L TR T T LT P
¥

Thix 41 0 pandestic amd powerfied modsl 0 desmpiinetel o
spbanber &) viikerestinig mevaesls, all of which may de meruaind
spparafely af Siunlfancously by meama of fhe 4ol Slaioe
Aofor smbwdiad aw the sirocinre.

= H B

SELRTHHEIE

|:l

=
E
E
B

antoon Cr:

Thr groiatyfe of fhis model i
an cxddptidanlly  powerfinl
Hemdang eraned eaigaed [
karhour o dock wark, ¥
= Fhr mopemends of e o

4 a7 LEF ] spleaddd el of @ mﬂﬁp:m“ﬁ; m

- i [l il |

riapl ercapator of ke i pe T‘““ Bavy hoisding kaek s, redationef the
wEdd ik siakiag rarals e Thed oa d soped'el of i acickiue wsd o eaw el v (he furelim imury cuiling uest enfire crams, atd Jufing of he §ib,
raplpay |:|l|']|'||£1.. Tk drayellimg amd I'ﬂ'l'-lh'ng muiveniends gl fllﬂn& t?hr'lliﬂl nli by irerirumbr o fhey opniue e # phl;gm‘ ENRA. e soie i

wentien aff Phe jib wrd operatal By an Hledrie Ao driven pa Ly be s fea st Cee ok fable Fravels Blosd p eipath 1, i

T

AN e qr Steam Shovel %
i

CREE

TTIREATTIT,

ﬂlll‘ﬂmﬂmmlmrIIII-IIIIIIIIiIII1IIIIIll‘t[Inillrulll111ll.'l'llllllll1Il1'I'Il|l!'lr|1l=llltllll]t!lmllurl BTLTTTRER LT GETTRHEEV T TERE T TS E i efs LR TE TR PR an T T b b FRERAET s R TR RRT LT el s AT b T T T T

FAGE THIRTY



TR T LTI RIS

ITELEE

T A T E N L T

Hu

(U8 bR LR ee L NRE D] RO R An i ] e

YNNI

SRR e P A R

Engineering for Boys

The Meccano system s composed of over lwo hondred dilferent
parts, mostly made of stecl or brass, each one ol which lias a specilicd
mechanical purpose,  These parts combine to form acomplete minialore
cogineering systom with which practically any mechanical movement
may be reproduced inomadel form,

MECCANO .

Tie ‘?E:l-y Lhat madde ﬁ:yb:cut&ng E’mumd

How to Degin

Meceano 15 sald in nine different Outfits, numbered 00 to 7. All
Meccano parls are of the same high quality and finish, but the larger
Outfits contain a greater quantity and variety of pacts, making possible
the construction of more elaborate models. Each Outht may be

canverted inta the one next lagher

More ean be accomplished with
Meccano than with any other
construclional toy, for no olher
system  has such  possibilities
The gering is in the pacls and the
voungest boy can commaence tao
Pudlil wieelels as soon as b ety
his Outit hame.

Hundreds of Models

Thers is mo limit Lo the
number of models you can build
with Meccano—Cranes, Clocks, Motor Cars, Ship-Coalers, Machine Taols,
Locomolives—in fact everything that interests boys. The most
wonderful thing about Meccano s that it is real engracering ) QL s
faseinating and delightful and vet so simple that even an inexperienced
hoy may join in the fun of buitlding models without having to study ov
learn anything. A beautifully illustrated Book of Instructions shew-
ing how Lo make hundreds of models is included with every Outfit
amnd a serew-driver iz the only tegl n'.qui.rcd.

Meccano Boys Build and Invent

The traming of the eye, brain and baud in erecling Meveano
is considerable, but Lhiere is also developed o locully of immense value
to every boy,  No boy is content to build the models exactly as he finds
them ;o 1t is always possible to improve, and he sets to work ta (o
this almost at once. [t is n boy's natore to venture into unknown
fields, and the Meccano hobby opens up a new and wide waorld lor
him to explore. He very soon procecds to invent, and new models
and designs, the creation of his own brain, make their appearance,

e

by the purchase of an Acecssory
Outlt (see page 41). Thus, if a
No. 2 is the first Ouifit bought,
it may be converted into a No. 3
by ndding to il a No. 2Za. A
Moo 3a will Uhen convert it
ko i Moo d and sooon up to Mo
7. In this way, no matter with
whant Outfit you commence, you
may bmld it up by degrees
uitil you possess a Ko, 7.
Meccano parts may be boughi
- separately at any lime in any
al end of thns hook).

gquantity (see illustrated list

The Meceano Service

The Meccano boy of to-day will be the famous engineer of bo-
morrow.  When you want to know something more about engineering
Lhan is now shown in our books, or when you strike a rough problem ol
any kind, write to vs, We receive over 200 letlers [rom boys every
day all the year round. Some write Lo us because they are in difficully,
others becanse 1hey want advice on their work or pleasures, or about
their choice of n enrecr,  Others, again, weile o os just becanse they
like to do so-—and we are glad to know that they regard na as their
friends.  We publish o gpecial Mapazine for them (see page TV of cover),

Althovph all kipnds of queries are wddressed to us on all mannec
of subjects, the main interest is, of course, Engineering, No one has
such a wonderful knowledge of engineering matters as that possessed
by our stafi of experts, and this vast store of knowledge, gained only
by many years ol hard-carncd experience, is al your service
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No. OO0 Outlitc

The Ma. OO0 Qutht s speclally adapted ta the require-
mants of very young boya. A special Manuwal of
Instructiens is Included in the Jutfit showing how 116 =
intere=ting models may be constructed, rach capable of
providing hours af fan. A selection of the madels that
can be builtwith Mo, OO0 Outht b= s irated oo this pags.

Price 370
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No. O Qutfit

The Mo. O Outht contains o splandid assertment af
Mersano paris, and & speclal Manual of Tnatrustions
glving examples gl 134 models that may ke bullt with
the Quifit. An assortenent of theze models is illus.
ltatad am this pogo.

Evaryihing necestary for commensing to build -
mediately I fncluded in the Outht

Price 54
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No. 1 Qutfit
Thiz Outfit containg a arge awmbzr of Macoane paris
with whish & splendid rangs of madels may be bullt,
The pessibllitles al the Ma. 1| Outiit masy be judied from--
the fine seleation al maodels illustented on this page. A
big Manual f Instructions ig incleded rivinq: examples
of ME models that may be built with the Outfis
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The lartunate poss Me, 2 Outht Iz able to
bulld up models of 1 plicated and intere=ting
type. A s=feglion of ek eae fine modes b ilustrated
on thia pags

All the models are designad on corveet enginesring
pHnziplas, and [ull lesiructions fer bullding 398 are
Inaludad in the Quthr

Price 167-
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No. 3 Ourfic

Thia exeallent Outfit cantains many adyanced snglneer-
ity parts and the models that may be constroated arm
ol a beiter type, az will he sean from the examples--
Mlustrated om this pape. A Manual of Instructions
showing how to bolld 447 mod=ls is ineludad,
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No. 4 Outfit
This fine Qutit containg a splandld rangs of Meccans
paris with whiah aa excsllent varisty of superh n-'::l:.
may be bullt, The Manoals af Instructions that are
Ineluded give examples of 304 models that may be
eonsiructed, and a selsction of thess iz {|lustrated on
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No, 5 Ourtfit

Mo, 5 Ouifit 18 sepplied either in a atout cartan or in 4
handsome pak cabinet., The fine cxamples ol roal
enpinareing madels lwstrofed on thia pags are repro
dioced frem the Manuwals “IIEhIllr'll in bhe Qutfhit], ..
whilel ive e:l.'||11]1|==. of H4F models that may be bulle,
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No. 6 Ourfic

Ma. & Chutfit is suppled elther in a stoul garton orin a
handsome oak cabinet Al Uhe models of the earliers
Outfits, aod many more, may be constructed with this
Cutkr,  The Manugls insluded stow how ta build 554
models, d few of which are illustrated an thiz page
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= No. 7 Outfit

= This 3 a eamplate and camprahensive Out fit, antainlngp
all Meceang parts, ata., neseasary ta build each of thé
modalz in all tha Manuwaly af linslructlang, A l.;--,\--
examples of Meceano super madels that may be bullt
with Me. ¥ Quifit are ilhustrated on this pepe. A idenl
presznt for a boy interested in mechanles or slectrialty,
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ACCESSORY OUTFITS AND STORAGE BOXES
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The Purpose of Meccano
Accessory Outlits

Moccono Accessory Cuthts connect tho

main Cuthits frem Mo, U0 le o, 7. They = dilfarent slees, coch of which g dlasteated ool deseribed belaw. .;
may e aptly describexd ds 1he steppin, 5 =
}:Im:ll.rl:.': Lis ]l:-i}!'.rl::ﬂr anl Liebtse |||1:-c|d,-|[._]-l ,f - ND* 1 StDl"-"l].;I: I-.i"'JK -|
Me, 2 Outfit may be convertes into a No I stainel  and  virnished  rich oale offect, .-1:
3 by adding Lo il n Moo 90 Accemory amil filted ‘-\'I!!1 pairtitions as shown in tho H
Ceotih, aaml o Mo, b woendl then conosert B Illw!.:‘T-::::l:.l::I_-:."c;t |:':-|I':|l|:. :-:Il:ql'l‘l-l:l:,l-u:‘ul FI||||L|1.*- _'a'u1.:||:|Lr|‘|'_:l:'|l :_-:
wdnto o Be. 4, Ti 11 weaw, no inalber = ) ] A iy b E

= Diinensiens E

willt whiclhh Owtfit o boy commonces, i

may il b owp by degrees unbil he £ Leawgtl 15} ins. &
possesses abl the parts contalned o the Wirlkh BY ans. B
laggeat OwEhE, Llepth FERTIEN iz

The Meccann Mo, Ja Accessory Outhi
is ahawen i the aecompanying illustmiion

Price List of Meccano An:-:ess-m.*y Outfits

Special Inventor’s

Storage Boxes for Meccano Parts

Almost overy Meecing Loy purchases wilditionol Moscano parts {ront bine to
Gione, but e suewelines bas dimenlty in finding soitable accommodation for them,
W are pow pleased 1o announce that we can suppy  strongly-made boxes that
=1 hava been specially designod {or Lhe purpose, enabding such extm pacts bo ba stored
[E ||-5'-5|-1-.|_'|‘I amil |-|'I-I.‘I|I|!ll|il.‘.ll||'|." ao Ll ||||'.ru arg .|'|-.1.'.'|3-5 eanily access b, Thiefe are three

Mo, 2 Storage Box
Finished as No. 1 Box and provided

with lock and ley. The tray with =
Mo Oa feonverts & No, 00 Outhit into a Noo 8 - oo DPrice 10 mﬂ: q':m_::;t;_'L:I:ﬂp“i‘?:?%:n;:;tf E
w2 w 0 . w v b} " G maoedated Price 21 /- B
o In | “ " ‘| " T 2:l' - " h'r'l Dimensions : Length 144 ins, Wilth 8
. Ia | 2 e ow N . e ' PR L 510 as, Depth 33 ins. =
| il o B i i i 'I:' 1% e Lo i 23.!"“‘ Er b b A . E
da | ok . v o O) Y 15/- =: i t E
SRt " ' ' ' o = P The full range ! B
n S8% 4 . n 3 w 8% = = wo Bl 5 Pof Meceana des | =
W ot |  #How W Of) W BOp- = i cesgory Pards is | E
Lt | W B I I . . ZISf- ;..'H.”;.rmdh a::!.rj i E
- ' :dist, £ the i
Carton, 1 Woanl, i "I;r H:I:'; Mk‘_" E

toale [oF Mecaiiio parks, LL 1=

1] .\ B
Outfit - No. 3 Storage Box g
This Outlit makes o walnalile aoddi- Flng o e A perlect recop =]

tinne o amy leeon mecaled-boibiler's
ciuipinent, e s imtended specially
{uaT |M}"H il alreuly hivve Meccano
amil who wish o salisly therr inventive
melinations Ty boibling oeedels from
Wheic owm dlesipns. Tho parls eon
tainedl  aneliele four Jarge  Pulley
Whecls walln Dunlep Tyros, Ball laee,
Shap's Funnel, Pulley Blocks, Climmnel

limished simibialy o the Hos, 1
amel 2 DBowes and provicloed wilh
Ingle and key. The two par
Litiomedd trays aith whicli oL s
= lwiteel  emabde o VT I""U"
numher of  Meceanoe parts 1o
e stored, ['race Sif=

Dimensions @

Moo d

|.l.:||;':1!| L

Lrearing, Crane Graly, and miany othors. : Wideh  [4 ms. Depth 5§ ina Storage Hox gl
Trice 1794 = El
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E Meccano
Run your Meccano Models Electric Motor

with & Meccano Motor Nao.
g E (100250 it A0 o

o [ o waah o oldain the Tulbest posi e i _D-‘:-‘-:l
Meeccano cujeyrbent drom Uhe Meccios bbby yon st Phis Eleelvi Moter

A

1413 s

3 o = nperate your moels with o Mecenno motoee,  Juat inspeciolly ndapted for
EIECIFH“ = tmgine Elie (hill of sellingg o metion your Craoe, hriwi ng M caeino
}V'[Utnr NU‘ 1 g Shigp-eoaler, AMotor Cair, Waoulmill o wny  other models, ““fr whiely !t
= = = todel you builil, You pash over the control Jever may b built, |T_ 15 E
1 | waft) Z ulthe |imt:u- anil inmneiliatoly the model commences "‘E’:{FI”;I’“ T“II-' '-T[”]W-"-E_t“l'-"l H
- : T . i E Eoxosworrcle it exowtly the smne monner as ks * big with the elrcine lgh
The d-volt Motor s specially designod o build : brother " i rfenl life, * main—THE V20 volts or $HL2ES0 volls, altermating or

into Aeeciine models, 1t mny be orun by oo d-vaoll =
secontulotor or, Ly employing  the Troanslovmer dhe-
seribed below, Trom the mindn, T8 Diled with reversing
motion, provided with stopping wul stacbing controls,
amdl the genaring is interchangealble, 15/6 Ihe side plates and Dboses are pioreed with the

Important.—The 4-wolt Motar will not run salis- stiandard Meceane eoquidistit heles, which enable
factorily from dey eells, - the motors to be bwilt 1ots any Meccans maslel
in Ehe exinck position rogquoiced,

ihrect, A G IE Jength of flex, fitted with a plug for
vonnection with the motor terminals and an a:l.‘lptrr
lor eonnection with an oedinary [amp sacket, is in-
clinded, A snilable resistance s r{'l.‘lII'IT(':I when the
mstor 18 ran with o 200-250-volt current, and this is
supplicd by connecting o G0-watt lamp in sories with
the motor, A boamd, on wlhich are mounted o suitabla
lamp hobder (lamp not included) and a switeh, is
provided sepagntely, Price 327G
[amp board [(with lamp holder and switchy ., 476

= Meccans motors ace stronpgly made and the
sitoinsl cre 15 Ciken o Eheir madw faetnne fo eiidune
that they will glve satisfaction to ther owoers,

AL RN L BT

Hiba F e TR

Transformer

Warious  comibinations  of ears  may e
by means of this transformer Y £ ¥

miounted on the motersdor the pucpose of reduelng

:
=
:

g  the Mecsono Electric Motor Mo, | i ;
-] i ¥ ! I the sprod ol the driving epindles, and theroby e
=4 E‘fnux“-;u.?piiy ]-‘:nﬂ""":!" from t]": £ incroasing the lifting powsr.  an instanee of what T Meccano Rheostat
e e |3yamlinu:{-|?: el bl S = posmible in this connection i3 shown by the [Fow kigh wolfoge  Modars)
= ¥} £ illustration below, This lihenstat is for cen-
£ dard supply voltages, from 100 eo trolling the speed of the
= 250 inclusive, at all stamdarnd fro- Al the motors lkave forwind  ang]  reverse Electriz Motor No, 2 or the
=] quencies. TI“ s pply "-"F'Iml?-ﬂ andl movenients, o featore that prently enhanccs the ]i‘,:,".hv r'-il'-lﬂ'l]'ﬂ'ﬂi;-'ll-l'l Trnin
E [requency Hl':l-“t L2 IH"'”-'!ﬁr‘d when fun of funning the maodels, LY, It may he conneeted
orlering. Complete with lenpth PN, I el . b grstain
3 of fex amd adapter Tor o eomweclion baoao onlinasy I-‘- "__ \'_"qi I'_ l_F‘_.I:'- ) i
I.'ll'“ll ::III'I|| i Peice I I‘:\ (R AL Ialll!- 0o .IIII il 1I.I|I -:.rl |;JI1
iy b owsod wille either
g L iy aleernating or diceel enrrents
= Meccano Accumulators = 5 canging from 100 to 250
Thase excellent aceumuliburs Tave leen specially = = volte. A 60-watt lamp (not |
S odapled toodave the Meecono [Dectric Motor Mo, 1 = Z supplied] is cequined for s
] 4volt Samps. Price 17008 4valt S0 amps, Price 25 /- = - with the ll:l':l_"'“'-'5|1-;r-
) = B riee 6
H ist: : : :
Meccano Resistance Controller
i iy employing this variilile rosisbance Ehe spaal z E Meccano
! of the Mecewno Electrie Mobor Moo 10 walt] sty b =
1 ”'EIII:'[L'I.I. a8 desited, The controllee i conmectol n C]ﬂ)ckﬂf{‘rk
H in seres witl Lhe melor £
i | mil pcoumlitor, or owill = Rty | E Mﬂ[n]"
L | the mwtor aml  1rins- = Ll allnskration shows how dogy it is to nonnt % This i3 o splendid motor By
= [armier A fronslormeer | pearng on o Meoccano Eleeteie Motoer. In thls . for driving Mecenno maodaols, g
? g nmed s the soures ol B wxame tho fmal shaft of the gear frain rotates 8 1t s fitted  with  starting, B
= OWer, It will ot ¥ omee e every 170 rovolotions of the armature, 5 slopping and reversing levers, g
.':‘I vepgulile e speocd af ¥ thus provicding @ slow, pesvarful drive = i all s movementa e B
= Iiglaenitapge  mator con- E 2 fully explained in the in- =
= naetod to the mnin £ | structions that aecompany ie, E
E Trrive 140 - 5 Frioe 7/4 'y g
= = - = =
?.‘uml:uum||||l|||||!:l1!:irrl|||~=l-|:r||r||||||:r|:i||||'a:-ll::nﬂfll'.'lihu[ RUN YOUR MODELS WITH A MOTORj' LA EERD A8 T R R R 1
e s —_— 1§
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PPN F‘Mﬂu MECCANO

INSTRUCTIONS - MANUAL

mMECCANO

INSTRUCTIONS

o Uit T ot e, P, s e L g 00

B e m L LIETER TR s e el ety SLAGMT LBRITE URDERER.  Meaatu Y
- Fi
e —-
B Meccano No. -7 Manual Moccano Mound Mamoal Meerano Standard Mechanisos Manoal
L]
The Meccano Manuals of Instructions
The o Manuals are all beavtdfully printed and the illustrations aro i If-vome threagheol. Dvery Meoccano boy should possess o copy of each ol the 003 and

4-7 Ma lich 3 total mumber of G26 modals is illusirated, and also o copy of the Btandard Mechanimms Monual in which a hne scl
ments the |t may be built with Meccano are reprodueed.  These Manuals may Lo purchased as scparate unita, or attractively bound i foll

The prices of the [ull range of Mcecano Manmals are af {ollows —

ion of real eapineefing moves
cloth eover, jectered i gold

No. 0 Manuval of Instructions . e Price 44 Standand Mechanlsms Moanual ... . v Prige L=
Mo, 001 o 2 L/8 Broued Manyal of Ingtructions (comprising o 0 3 "i--l-'III-:. 7 47 Manual

E " and o Standard Mechanisms Manual) ‘ : -~ 18
Mo 47 - . L/ Meccane Book of New Models ... . . B

Meccanoe Enamel

The Mcccanc enamel has baon
introduced to onalie model-builders to

Before commeneing ‘o convert nickel parta 10 aolowr or to toweh
operate a Meceana imodel, upr cologred ports shoull saeh treatment
all peers and  bearnings lcotne  pecossary  theough

Meccano
Lubricating il

ITPEEERRRTNTLI i AL D ST 00 0L

shioald be oiled thoroughly B T ' li . ai kil
witlh "-!w.'-:dr:f_-Llul:t::!:i:nr- il C'L:l No. 1 Oil Can T\'U' 2 ("I{” r‘.l"[—"‘-'} “II r,i.c.[. H: : :,JII '.I;
# e " H - s y Lo 4
”“ ,_-L.-r . :r:.‘llg:l'::""rlll:!; . This mistature Ol Can  operates thn AL 1:' et I'- with
:--_;n-:!t .;-;...u;._-,...“--.._- fq.l; ;““ This is o minkature Ol Can that will give perfestly. The oil s ejected drop by Ml-n.;w_-.u-': et :tr_-;-..".-"'l ;-,.-‘::tr
purpose. . every satisfaction. It s strongly made  Jrop by deprossing the valve ing Mcocino parts. i
Price, per bottle, 6 and it functions perfsctly. Price il Priec 278 Price, per tin, 84

Meccano Shafting Standards

These Shait

H
:
E

Mcccﬂnﬂ b““' 13':11":.[‘ ing Standards are desigpned

e A ER D e a e A e TR RO s s AR TR s nae )] P T H e HH ]

This model Saw DBenels in auikihle sn thie .':ii.'l..l_; o avstom, with equidistant ¥
! for waa with an Elect *hoa boles, O n shuws Low sLrosge -
S Alos By mrans g may be con- H
B holes in b parts with the il
= inte A Moeccno ; T o :
B Desutifally findshed i Block enamel Siandard only, Large . Price 1/ =
B and niclel Price 4/ T Bmal ael &
E " Zmaiy - # Lt} 4]
E =]
B : =
£ e - - =
- T - ¥ ™ =
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5 morl Mo | L B Ha, n

Merdnrated Strvpe, (24" long . Fdfae. 1 @ 185, Axle Mads, 23* fomg Tha w0 BevelGaarn, 4%, 18 ..'l,t:unim'; beeach & 8 £5,  DPerforais! Strips, slotied, 5" loag each 0 2

B = 1, [ = ([} il A 4 J' & [ | E. 5 i AR | uied Jagefhar [ ELTW 5 4 " n - & n

- . n R 17 i i ! Al w10 k1 Caegr Whesin, 1™, 08 desth b n 54,  Ipatructlon Mannoals, Ne 4-7 . & 1 &

: H 3 nod (] 11 - = Ij : _ (I | L b | Warm Wheels 2 i ¢ . [ T f&, L & Ma, 3.3 . 1 &

" & d i 5 144, Rina dad i PR T | =34,  Spanners .. dd LR G Tl o (118 Fo, e n o4

" = & i 1, l.r'mh 1rnmllr.|.. [.m."r' RO . TR TR ) *Ml Moy Spanncrs oo gt Tl = o mod B, h'tu-'urnsu.m]‘ird\'Itchmum:."'llnulT FI

= ; ‘ « W0 198 Simi ] A5, Spring Clfd w. o0 e per box (lee] B3 i, Hepk of Mew Medel non

% W s 2 i A Wheels 37 diam., rl!' st sorewes - i fan.  Serrw Drivers IO R 11N - 861 Bound Maraal ol Insttustions 5 i 6

K L b 3 i A Tancel W re'i. 13" dizem :! [ 1 LE T Eaira L.:-n; X (1Y 57, Hoaks ... Sak e Tl 0

a , o K o, WoH = % s = ¥ 4 LETE Spesial M 1 & 573, ., Scentfz .. .. .. .. eah © |

Anale  Cinbess, each 0 M Pulley Whesls 37, 'lll'l:ﬂd“ﬂu"l Tt por bex Moz 0 B 55, Loadled - oo owisjesallaml [
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| - u; el B Xy i b w 0B B T I | 8. Windmill 5alls .o .. dlar 0 &
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= o 2 L 1L n | . . . i T i, I‘:npellar Disdes ... . v wpErpalr-on d %2, Theeaded Cranks _. 5 o n o4

& - 4 - e | T - . = I | {1 mrings UTRNE T " T B | 62%. Daouble Arm Crénk .. “ n 3
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[ = o T . b i o . T 15.  17ouhle i i f33, Cictagnnal Cauplings ,. oK

- = . T sh Wihseeh y a4 6, Tl L jdar, 0 @ Wit Sirip Couplines ... i W [ )
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= L [ R (| M T | jarm o disc, i o i w g" i I ] LE N \'um]mn B . e, 03

5 (L T W . T Gear Wheels Al s.‘w L o [ | 59, Set Sepeww ... 4 - i &

Anle Tl 118" Jempe .. L. each & 2 -] ‘-J:I tecth tn gear wigh 4° ~ plnkon N o ot 4, E H' Ile'a il e e=chk i 4 #g. Grub Screves, 57 [ ik 4
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