
Pity the Poor Exhibitor ! 
" re exhibitio11 profitable to ex-

hibitor ? " i a q u es ti on 'rh i cl1 the 
exhibitor at tl1e rticle Club E_~hi­

bition mu t l1ave a l<ed them elve 
repeated!)" cl uring tl1~ pa t fe\v \veek ... 
Some da)' ago vve pa id a vi it of 
i11 pectio11 to the Cry~ t a l Palace, and 
\V ere a toni hed to find tl1e ex hi bi tion 
a lmo t de erted! and not only b)' the 
public but b)' tl1e majority of the 
tand-holders ! The exhibit \vere 

tl1ere but i11 numerous instance , left 
in charge of thetn elve . The dearth 

• of \·i itor b)' 110 mean urprL·e. u , 
for in not one jnd u ' try i." the exhibi­
tiot1 repre entative or ufficiently 
attracti,ye to in pire a pecial \"i it on 
it O\vn account. We do 11ot ugge t 
that there i a11ything deficie11t in tl1e 
exhibit , exhibitor , o r the arrange­
ment of the exhibit , but the place for 
.. uch an ~xhibition i .. badly cho en. 
H o\v m a11y pe pie \vill 1)ay a ,pecial 
vi it to the Cr)' tal l)alace to see 011e 
. toker, one brand of aperient \\·a ter, 
or champagne, one mal<e of cycle or 
machine tool ? 

• • • Don't Waste Your Money. 
Some good advice come .. to hand 

from our V ice-Con ul at Taranto. 
H esa:ys : '' I am perfectly certai11 tl1at 

. out of the l1undred of catalogue a11d 
price li t \vhicl1 are yearl) ent to 
trade men here, not 5 per cent. arc of 
any u e, ~ imr)ly becau:e the)" a re 

• 

I 

No. I. 

\Vritten in Engli h, \vhicl1 is but little 
under tood and 13riti h \Veights a11d 
measure are u ed, \vhich are incom­
prehen ible to all but a ver)' fe\v." 

• • • W here to get your Catalogues Trans = 
lated. 

H e add the follo,ving ugge tion : 
_ cc '"[he ure t \vay \VOuld . eem to be 
the establi hment in L ondon of a cen­
tral agency·, \vhich \Vould make it 
their bu 'ine .. to prepare catalogue 
for . the foreign market by tran -- la tine­
them into the lang uage of the country 
for vvhich they \Vere required, and by 
tran posing the price , \veight and 
measure i11to those u ed abroad. In 
all probabilit}' it \VOuld be found that 
four lang uages, viz., f'rench, Germa11, 
Spanish and Italian \vould be uffi­
cient for all general purpose . Could 
. uch an agency be once established, 
firm desirou of advertising their 
aoods abroad \vould merely have to b 

se11d in their catalogues, \vith a 11ote 
a , to \V hat lang uage \vas required ; 
the trouble \vould be take11 off their 
hand , the expen e \vould be mall 
compared to the advantage \vhich 
might be gained by \vider circulation, 
ancl co11 ul abroad \\'Ould at least 
have the at i faction of eeing home 
manufacture competing on more 
equa l terms \vith tho e of other 
na tion ." In connection \vith thi 
uggestion, \Ve take the opr)ortunity 

of mentio11ing that \ve are i11 a po i-

• 

• 
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ti n to und rtake tran lations f 
catalogue i11to the f ur language. 
namccl, a11cl if firtn \ ill ' ubmit their 
matter, a price will be quoted in each 
case i11 aclvance. O ur translators are 
engineer , and, therefore, fully ac­
quainted with the w rkshop and 
technical term in each language. 

+ + + 
The Russian Calendar to be Changed. 

It is officially stated that the 
Rus ian G vernment have decided t 
abanclo11 the ] ulian calendar and 
adopt the G regorian, no\v in use 
a ll over the \VOrld excerJt it1 Russia 
and Greece. cornmis i n of 16 
members, including nine a. tr n mcrs, 
has been appointed to arrange the 
detail of the change, a11d it i: the 
intenti n to have the ne \v calendar g 
into peration in the year 190 1. s 
reader. vvill understand, th Rus. ia11 
calendar is novv I 2 day behind that 
in universal use. potent cause for 
the change is tated t b the c n­
fusi n f date... in corresp ndcnce 
and business transactions bct\ve n 
Ru sians and citi zen: f ~ reign 
countrie . 

+ + + 
A Large Engine Shaft. 

A steel shaft ~ r an engine of 4,000 

h. -p. has just been c mpletccl in tl1e 
United tates for the 13o t n Elevated 
Rail,vay, t be u ed in the cotnpany's 
central po\ver station. The shaft i. 
28ft. in length , 38in. in diameter, at 
the centre, and \Veigh 37~ ton .. 

• + + 
How to Become a Locomotive Engineer. 

little book~~ lies be~ re us whicl1 
every youthfu l aspirant to a ]oc -
motive superintendentshiiJ sh ul cl 
peruse. Its ti tie is not one \vl1icl1 
inspires confidence, for it is t often 
the case that \Vriters f p pular l1an 1-
books \vith a ' Ho,v t I~ccom " 
title arc m st impracticable m n. Such 

• "Iln" to Bt·com ' a Lt'l'0111<.'li\ • Engint•cr." \\h it­
l<tk<.' r an<.! ' o., Patcrnol-.tcr . quare, E.C. 

Engtneering Times. 

cann t, l1 wcv r, be said f the a uthor 
f thi s b ok, Mr. I)anda l Me nn 11 , 

for hav ing l1acl a \vorkshop ex1)crience 
himself he can ap1)r cia te the feelings 
an cl fa i 1 in g s o f the a 1 1) rent ice. 

H e re is a sl ice from its opening 
chapter:-

" Ther is one v ry sad delusi n 
\vhicl1 rna n}F fond par nts scern t 
lab ur under' h n tl1C)' c ncl ude that 
a keen int rest in th steam engine in 
their chilclr n's arli r y ar., a pro­
pen. ity ~ r xaminin g th interi r f 
tO}'· to finct ut h \V th y \V rk , 
coupled \vith unusual IJ 'V rs f 
destructi n a rc am ng· th fir. ' t .'ure 
ign. f a future t I hen n r 

an I. am barcll-3ruJ1 l. Th u ... it i we :o 
ften hear tl1 cxpr .' i n: ] ack i: a 

born engineer ' r ' Harry ha a g reat 
mechanical car e r before him ' appli d 
t boys who turn ut aftervvar Is to 
be the m o t indiffi rent rnechanic , r 
even clum y men. Let me, there~ re, 
\Varn the a rdent y uth \vho de. ire to 
follovv in the foot. t p , of the \vorld's 
g reat engineer , to be qu ite 'Ure that 
he ha. th real taste~ r the I ro~ i n, 
'' ithout 'vl1ich succe.. \vill be alt -
gether impossibl . ' I often bs rv ,' 
\vri tes J a rn s r as1nytl1, in hi s cl -
1 i g h t f u 1 auto b i g rap l1 )' , ' in shop 
\vinclovvs ry cl tail of rn del . hips 
and In de 1 steam -engi n s .'u 1 IJl i 1 
ready tnacl for thos \Vh a r '' .'aid 
to be " of an i n g n i u , an cl tn c ha n i c al 
turn. ThtL th ital us s f re urc -
fulnes ar clone a\vay ,,·ith, and a 
sham cxl1ibiti n of rn chanical gen ius 
is }Jaraded b ~ r y u by tl1e y ung 
• 

11np )~ t rs th result t r the most 
part, of too fr a s up1 1}' f IJ ck t ­
In n y. I have kno\\·n t tnany· 
instanc s of par nts 1 cl by such fal s 
evi lcnc of c nstructiv ski ll ap-
prcn tici ng their son s t :--:o tn 
cngi necri ng fi rtn ; an l, aft r paying 



Engineering Tor ics. 

va ·t sum findin< ' ut that tl1 pr -
tend r con1c .. ut f the engineering· 
shop \vitl1 n the r practical accom-
pli '11tnent than that )[ c igar-

1 . I ' , ,' lTIO ~ tng . 
+ + + 

The Battle of the Boilers. 
Ba ·ed o n tl1e re ult btained in 

the Po~ e1jztl and Terrible ur 

Go\·ernment pronounced the \Vater­
tube bo iler for 

• r ---marin e pur- . 
pos e t o b e 
a c mplet e 
· u c c e . l\1 r. 
William ~ lla n 
and l1i nurn­
erou .. u ppo rt­
er · and the 
maj o rit)' o f the 
' p ec ial c r­
re p on :1 en t s," 
\vith the man-
-....- u vring fl eet: 
and public 
opinio n, ba ·ing· 
the ir judgment 
on the re ults 
o bt a in ed in 
th e P owe7ful 
and Terrible 
and ot l1 e r 
vessel l1a \ 'e 

pronounced it 
to be a n utter 
fai I u r e . The 
·ituation mu t, 

• 

• 

• • 

---
• 

• 
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that France mu t be foll o\\'ed in thi .. 
connection. Tl1is latter argument i ·, 
indeed, con idered to be very con­
vincing b)' the Go\Ternment. Then 
there i, the "over ,vh e lmi11g, p oint in 
fa ~our of \Vate r-tube , team can be 
ra ised quicker, ' and more of it," \vitl1 
con ·equent l1ig l1e r ·peed. Tl1i point 
i agreed u l)On b)' both partie . 

The a rg urn ents agains t are alrnost 
too numerous 
to recite. The 

• 

• 

J 

• 

,,·a ter tube 

1 boiler is charg­
ed " ·ith burn-

I i ng more coal ; 
1 k i 1 ! i 1: g a n d 
~ rna tmtng more 

• • 

men; requtrtng 
mor e killed 

' a ttenda n ce; 
d i covering the 
ve e l's po i-

• 

tton t o an 
e n e m). by 
means of a 
cloud of rnoke 
b)~ da)' and a 
pillar of fire by 
ni g l1t ob erv­
a b 1 c fo rt)' 
mile · di tant"; 
moke - drying 

the ·hip and 
officer's linen ; 
g reater initial 
CO t -

the re t re, b<' 
• J HIN l\1. HENDF R, r , ] C 'R., ·e can offer 

till regarded 
a: un atisfac-

• • Al"THOR OF "THE Dr:\·.f-~ LOP ;t ENT OF C BLE\\' Y ' n o op1n1on on 
the ·u bj ect, but 

\VC \\'Ould ~ uggc ·t tl1at tl1e Govern-

I N (iREAT BRtTAIN." 

to r) '· In supp rt of the fo rrn e r 
part)·, ir J hn Durs ton, e n g ineer- in ­
chief, h a.· inforn1ed u · through th 
mediurn of a contemporary· that l1e 
ha · "carefull)' stud ied the sub~cct in 
all its bearings in Franc . ' Thi · ma)' 
be interes ting·, but of it e lf it i .. not 
con cl usi ve. tbcr disciples affirrn 

ment appoint a comtni , ion of 
expert · t d e liberate n tl1e 1natt r. 

It \vou ld all a)' public anxiet) , and 
reli ve the Go,·ernment f con ­
, id e r ab 1 e re p o n i b i I it;' in t l1 rn at t er, 
,,·ith ut inter~ ring \vitl1 tl1 ir I re­
sent p liC)' · For, aft r all corn -
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tnis~ i ns d o not act l1urriedly, and · 
.a r a ltogetl1er harmless. 

• • • 
Wire Rope Preservation. 

.t\ pamphlet i being i ued by the 
H artlep ol R opery otn pany on their 
wire rope pre ·erving c m pound natned 
Gli autoline. This compo ition is 

~c laimed not only a ~ a pre e rvati e 
but as a lubricant, and a n experiment 
by Mr. Biggart i quoted 'vhich 
sho,ved that \vhile an unlubricated 
rope ~ tood 16,ooo bending before 
fracture commenced, a rope con­
. tructed on the lubrica tion p rinciple 
stood 38,ooo bends over the , ame 
pulley. In making this vv ire rope 
the core and the \vi re a re thoroughly 
coated ,,·itl1 the compound. A sam ple 
immersed I 2 \veek in a olution of 
brine one alt to three of water­
wa unaffected. Other a m pie , were 
a ll unaffected after imme r ion of I o 
\veek.' in exhaust steam; 10 \Veeks in 
water a t 140 deg.; 22 day. in str ng 
soluti n of ulphuri c acid ; the same 
period in the solution at 2 8 0 deg. F. ; 
I 2 \veeks in . ea \Vater ; I 7 \veek. in 
the open a ir ; a nd I 2 \Veeks ju. t 

Engineering ' fimes. 

buried in earth a tid expos cl to m ois­
ture from a hot vvat r ove rftO\\' a t 
I 40 de g. T \vo \VCe k: in ."trong 
am tn onia solution a lso le ft n e ffects. 
It is a ls cla im ed t hat a rope can be 
recoated : l1ould th materia l in time 
be \\'Orn off o r abs rbed by du t . The 
~--trect J?azl1 ay Journal, in a recent 
a rti cle on this su bjcct , de cri bed a 
fo rm of ,,·ire rop fille r for fillin g the 
inter ·t iti a l . paces f rope . In a 
tranded ro1Je f s ix stra nd , \vith a 

central core there i a g od deal of 
space ~ r the filling, \vhi ch it i. 
claimed \\·ill exude and prevent inj ur)r 
frotn acid or \Vater. ommenting on 
thi: ·ubj ect the E!ectrz'cal R evz'erz' 
ask : H o\\· long uch a fillin g vv i11 
ret a in pre:ervative , ·irtue.' , a nd if it is 
uitable fo r rope.' of mall ~ ize, such 

a~ SJJan \V ire. ? There a re thou. ands 
of miles of s tnall s pa n \\?ire expo ed 
to every vici situde of climate and 
. moke, a nd the efficacy of galvanising 
i more or le.... d oubtfu l. Z i ne does 
n t g i e an aclher nt fl ex ible coatin g 
on a \v i re of iron o r . tee], a nd \Ve 

kno\v of nothing tha t doe . . .l durab] c 
preservat ive i.' \\·anted \vhich ,,·ill not 
dernan 1 con.' tant att ntion. 

· -

• 



THE EVOLUTION OF THE UNDERTYPE ENGINE. 

By }OH~ RICHARDSON, M. Inst. C.E., M.I. Mech. E . 

I ERE a rc r)robably' fC\\ ' t y })CS 

of encrincs \vhich l1a ve m re 
decidedly \Von th ir \Va)' to 

almost univ r ' al adopti n than that 
k11 \Vt1 a. the ' U ncle rtype I~ngin .'' 
l~y thi. i .~ meant a steam engine 
e r ctecl upon a ba eplatc, \vhich base­
plate is . o c nstructccl as to form at 
one encl the ash pit of a 1 c rnotivc 
boiler, the srnoke box en cl of \\·hi ch 
b il r re. ts up n a c rutch-shaped 

-

• 

cast ing placed ove r the cylinder of 
the engine. 

Like rnany o tl1c rs o f o ur most 
u. e ful eng ineering productions, the 
unclertype engine \vas evolvecl rather 
than in vented. 

'fhe portable engine, fro m \vhich 
the undertype naturally s1)rings, \vas 
fi r:t de. ig ned merely for clri ving lig ht 
agricultural rnachin ry, and wa made 
o rig inall)' in on e or t\vo . izcs only of 

I 

-

J JC, . J. - '-,J·. J,F-PROl'ELLEJ> POJ{ 'J \I : LE h~C,J~Jo.. \VlTII \ 1'\IR < I• \\ t "Jl> l 1 (, J>R( ' l\l S hXJIJHI'IEI > \T 
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fr m 1 o to r 4 actual l1orse- po\ve r. 
The exceeding l1andincss ancl useful ­
ness of sucl1 a motor, ho\v vc r, so n 
brought it into ex tens ive use a mong 
builders and contractors, a nd the 
po \ver rapidly g rc \v until an eng ine 
developin g 50 to 1 oo l1.-p. vva<:; no u n­
comm n sig ht upon a set of tra ve lling 
\V heels. 

In the year r 86o, Me rs . I~obe)' 
and "o., of Line In, a t the R oyal 

• 

• 

• 

- -, _ 
• 

Engineering Times. 

a g ual i fi ccl s uccess as a 1) lougl1ing 
eng in e, but tl1e firrn \vas quick to see 
tha t it rn acle a very convenient and 
1) \Ve rful \vinding eng ine fo r ~ inking 

r) i ts an cl \vork:ing incline ·. 
It \\' ill be ob er\red from the illu ·­

tra tion that the size of the wit1ding 
cl r u m s 'vas n ece a r i 1 }' 1 i mite d to a 
di a mete r rnucl1 le ·s than that of the 
travelling \vheel ·, the nex t 
e \·ol uti on , tl1crefo re, \Vas t 

• • - - -- -.. .::::-- ::=-::::._--

ter) in the 
di IJen e 

--
• 

FI<). :2 .-WINC.XNG hN<,INE BU I LT ll\' Mh!->~RS. lH>B!~\ & CO. I LK72 . 

g ri cul tural S l1o\v, held a t ('anter­
bur)', exhibited a self - l)ropell cl 
portable eng ine vvith a pair of ,,·ind ing 
drum~ tnounted on the tnain ax le , 
one a t each ide of tl1e boiler, as 
s 11 o \ v n in t 11 e i 11 us t ra tion, F i g. I . 

S pitc o f the f)ri zc vvhich \\'aS a \Varclecl 
h)' the Soc ie ty, the eng-ine " as onl)' 

\Vi th the tra ,·ell i ng '" l1ecls, a nd 1)lace 
a tnuch la rge r drutn a t the ide of the 
eng-ine (see F ig. 2). The inner end 
of the drum shaft \vas carried on a 
brack t bol tecl t tl1e ·ide of the 
boile r, the out r end bci11g carried by 
a t ru ~sed \\'oocl fra tnc. 

Prob .. tb l)· t he tn : t conscr,·a ti,·e l)art 



Th~ Evolution of th~ Undertype Engine. 

of the United IZingdom, o far as 
rnachinery i concerned, i Corn\vall ; 
neverthele , ne of the e engine of 
about 50 h.-p. actual, \vas put dovvn 
at the Bo ea. tle Mine i11 I 872, and 
attracted much attention. 

The engine \Va purcha ed b)' the 
L ondon Board of Director a11d \vhen 
the orni h men ,a,v it they· had 
nothing but c 11tempt for the ' toy," 
a.· they called it, and freely predicted 
that the fir t load it attempted to 
dra\v \vould re ,ult in it " ' inding itself 
do\vn the pit. When, hovvever, it was 

• 
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author of thi notice wa requested 
by the council of the Society to read 
a paper on the subject of "Portable 
and Semi-Portable Winding Engines," 
the discu sion following being­
extretnely intere. ting and animated. 
From this time, not only in Corn\vall, 
but in Wales a nd the North of 
England, uch engine were soon in 
regular u --e. 

The coal di trict demanded much 
more po\verful engines, and within 
a short time they were being made 
up to zoo h.-p., the illustration 

-
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set to \vork, and they 
sa\v the ea e and 
.·1)eed \vith \vhich it 
dre\v its load, a nd the 
sitnplicity of it , hand­
ling, their contempt 
changed to enthu i­
a ·m , and but fe\\' 
e ither old or ne\\r 
shafts \\·e re opened 
up during the next 

FIG . 3 . - FRONT AND SIDE ELE'(;ATIO~. A~D PL X OF PO\\.RRFPI... 

fe\v y·car: \vithout the a id of a little 
R obey," a they chri. tened it. 

The year follo\\'ing the introduc­
tion of the << R obey Engine" i11to 
Corn,vall the . ummer meeting of the 
Institute of Mechanical Engineer. 
'"a held at I enzt1 nce and, in vie\v 
of the g reat a ttention \vhicl1 the 
\vind ing eng ine had recei ed, the 

EXGINE BL"ILT IX I 72 . 

Fig. 3 
type. 

ho,ving the largest of this 

It \vas \vhile thi large ~ emi­

fJOrtable \Vindin~ engine, vvith its 
pair of I 6in. x 24in . cylinder ·, was 
being erected that the \vriter \Va 
struck \Vith the idea of the g reat 
improvement that \vould be effected 
b)r IJlacing the \\ or king part of the 



ngine and the 1 O\verful gearin g 
and \Vit1ding clrum at or near to the 
g rouncl-le cl. ithin a fe,v h ur 
the clra\ving f the undert)' pe 
engi11e \vas made, and the follo \ving 
la)' sa\v it patented. This \Va in 

D cember, I 73, the three vie\v. in 
Fig. 4 being copie from the l)atent 
specification. 

The manufacture of large \vinding 
engine .. up t ay 200 h.-p. n \V \vent 
apace, one W el h collie ry taking six 
a nd the ame ize of eng ine \Va. u ed 

I 
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FIG. 4.- DRA\\ ' IN(7 . FROl\1 TilE F IRST S PECIFICAT10); 
OF AN VNDERTYPE ENG INE FILED IN THE 

PATENT OFFICE. 

by the late Duke o f Sutherla11d for 
inking the Florence coal pit t a 

depth of I ,5ooft. 
Though de.· igned and patented 

principally as a \vinding a11d pumr)ing 
eng ine, it \va not 1 ng before it \Va , 
seen \vhat a11 admirable and c n­
venient motor the undertype eng ine 
\Vould make for driving r)urpo "e. only ; 
a clause in the patent specificatio t1 
coverecl thi. , but it \Va. found necc. -

Engineering Times. 

sary t di sclai In th i: part a. careful 
research sho,ved that . ome time 
previous to the date of thL r)atent, 
omc locomotive. had been packed 

ur) on their fram e.' and thu. used 
a. : t a tionary driving engine , belt 
pulley being keyed 011 to the main 
axle in place of the driving \V heel . 

The popularity of this de ign in­
duced ma11y other maker. to com­
mence the manufacture, and thu a 
comparatively cheap and very com­
pact ancl econom ical motor \va. 

I 

-

placed \vithin the reach of all en­
gaged in indu trial \vork. 

The following are among the 
reasons for the popularity of thi 
de. ig n : Economy in prime eo t , and 
eo. t ofin tallation, and economy in fue l. 

It i carcely \veil enough known 
even yet, ho\v large a proportion of 
the heat of a team motor i lo. t in 
radiation from the surface f the 
boile r, .· team eh .. t, and cylinder and 
the long lengths of teatn p ip ing 
often u ed. O\v O\ ing to the 
relative po ition of engine and boiler 
in the undertype engine, thi .. 1 .. i · 
very small, and the fact that most 
makers ~ llo'v the orig inal de ign, 
and carry the . team fr 111 the boil r 
to the cyl i11dcr through the .'make­
box turn. the :hort length f pipe 
into a heate r, rather than a rad ia t r 
of heat. 

I 11 co m pari. n \Vi t l1 the I a r a e 1 d -
fashi ned 1 \v-pre .. ure engines \Vith 
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ONE OF TH E LATE T D ESIG.i\'S OF UND E RTYP S ENGI NE, . 

. ingle valve slo\v moving pi tons, 
and often naked cylinder, team 
che t, and pipe , the high-pre sure 
.compact undertype engine vvas a 
marvel of economy and \vhen fitted a 
it frequently \Va. \vith automatic 
·expan ion gear, it compared favour­
.ably \Vith any . ing le C}7 linder fix ed 
engine, and vva.' va. tly s 11 perior to 
mo t. 

The con.' tantly increa ing cost of 
fuel, and the evere competition which 
make econotn ical manufacturing 
·e entia!, made a demand for eng ine. 
of still higher econotn~y and efficiency, 
and the demand vva. promptly me t 
by compounding the engine, and 
further increa ing thevvorking pres. ure 
of the boiler. , fir. t to I 20 1 b. per 
.'quare inch and shortl}' after\vards to 
I so lb., at \vhich prcs. ure m o t com­
pound undert)·pe engine." no\v \vork. 

With thi.-- pre ... ure an undertype 
eng ine of . ay I oo i.h.-p., \V hen \Vorking 
non-conden:ing, vvill develop I h.-p 
per hour for 20 lb. of steam, and 
\vhen conden ing for r6 lb., or, taking 
good WeL h coal at 20 . per ton, ay 
one- ixth of a penny per horse-povver 
per hour, the popularity of the under­
type engine is easi ly accounted for. 

-~ further advantage is the mall 
pace required, such an engine re­

quiring a . pace of 18ft. 6in. by 
9ft. 3in., in \vhich to accommodate 
both engine and boiler. 

The illu tration, Fig. 5, ho\v one of 
the late ·t de igns of uch an eng ine, 
and \vhile there are other types \¥hich 
are better uited for their pecial 
\Vork, yet doubtle for many year to 
co me the undertype variety \vill con­
tinue to . upply a large proportion o f 
t ~1e team po,ver vve require. 

-



THE HISTORY AND DEVELOPMENT OF 

MOTOR CARS . 
• 

By W. FLETCHER, M. Inst. Mech. E. 

·--
I . SOM"E HISJ'OR!CAL MOJ,(JR CARS'. 

N tl1e ~ llo ,ving pa r)ers no a tte rn pt 
\\· ill be tnade t o g ive a comple te 
his tory f m ot r car ·, sucl1 a 

\vork ' vould occupy more s r)ace tl1an 
can be d e oted to the subject. M r -
over, tl1e l1ist ory a nd deve l r)m ent f 

. s tearn r ad carriages has been full}' 
·dealt ' vitl1 b)' tl1e w rite r in othe r 
pub 1 i cat i n s. -::-

It i. ur intention t su 1)plem en t 
' vh a t l1as already been ad anced, and 
t o produce s tne missing links in the 

/ l1istor)' of rn to r cars. It rn a y be f 
inte re. t t mention sorne f t l1e earl )' 
Sl)eculati ns reSJJectin g road loco rn o­
tion b)' tnecl1anical rn ean . l ogcr 
13acon 6oo years agu ,,.r te : ' \ c 
'vill be able t construct macl1inc~ 

\vhicl1 \\' ill pro1 c l carri ages \Vith in ­
credible s peed \vitho ut the ass istance 
of a ny a nima l ; a nd \VC \\·ill b e a ble 
t tnake rn achin cs \l\lhicl1 by rneans of 
\vings \vill enabl e us to fly into the 
air like bird!'->." Dr. Wilkins, l~i :hop of 

' l1cste r (a 1)erson o f ra re g·i ft s ), tho ug ht 
that it n >tat a ll improbable that so m e 
of hi s post erit)' \\'oulcl fin d o ut a 
rneans of journey ing to the tnoon. 

onden eagles a rc p ropns cl, tl1c 
ch a ri ot 's \vi ng·s a rc to be p~·op li ed 
by a hi g l1 pres~ ure. Th e ng ineer, 
it is suggested, rni g ht find a corne r 
tl1at \V Otdcl do fo r a c a l s tati n n a r 
som e of tl1e " castles in tl1e a ir." The 
fly ing cha ri o t l1as b e n a pe t s ubject 

" T he 11 i~lor) and Development of lcn m L, "~CtHno-
lion on omnH'" R oads. " pon. lA)rH.l)n. 

\Vi th invento rs fo r tl1e las t 200 years. 
... ume r us j) la n s fo r n av igating tl1e 
air h a,·e been IJro p sed, ·o m e f the 
])la ns h a\' been tried , but the realisa-

. tio11 of the bj cct ap1)ears t be as far 
ff a ... ever. 

It i re lated tl1at I~'ather V e rbiest , a 

mission a ry a rn ng the hincse in 
I68o, m ade m e experi1nents a t 
l)ekin \vitl1 'vl1at \Ve rnay call a team 
eng in . ' I-l e placed a n a~ li p il c 
upon a car, a nd di rected the s team 

FI<1 I.-'1'10~ K ITE CA lUU <.h OF V I NE\ NI> POCOCK . 

gene ra tor '' ithin it upon a \vhcel, to 
\ V hich four \\' i ng~ \V er a t tachecl ; the 
rno tion pro luccd \Vas con1n1unicatccl 
b y gearing to tl1e ,,·hee l of the car. 
The rnacl1in continued tc 1110 \'e \Vith 
g reat veloc ity as long as the s t an1 
last ed . The car er ul I l e s t c red by 

10 

• 

• 
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FIG. 2 .- CU<;NQT'S TEAJ.\1 DRAY. 

mean , f an apparatu , te rmed a 
h elm." century la te r R. Lovell 
Edge,vorth , father of the cele brated 
Maria11 F.Jd ge\vorth, revived the a iling 
carriage chem e, and a fte r h aving 
patented ne, he carried out a number 
of experirnent. · but li ke hi p rede­
ce . .. o rs, h e 
v ry s o n 
found th e 
\vind t be 
a n un uit ­
a ble po\ver. 
Sometime.' 
there \va: no 
\Vi n d a t 

o th e r . it 
ble \v fr o m 
th e \vrong 
quarter, and 
\vhen it . 
happ e n ed 
that it ble \\' 
s tr o n g in 
th ri g ht 
d irection his 

• 

carriages 
• 

• 

were pre e nt. It is re latecl that this 
carriage \Vent at a g reat ·peed until 
the ma t broke. • 

In 1 8 20 a a iling carri age \Va u 'ed 
near e\vmarket a nd dou btle .. tl1e re 
\vere m a ny other attempts made in 
diffe rent part," o f the countr)' in the 

• 

, 

, 

earl}' part of 
the century. 

Tl1e kite 
carriage of 
Viney a nd 
P ocock may 
b e bri e fly 
referred to. 
Tl1is made 
tl1e journey 
from Bri "tol 
to London , 
and \\' a een 
o n s ve ral 

• • 
occa~· 1ons In 
H yde IJark, 
a ncl in the 
·uburbs o f 
tl1e M etro­
IJ o 1 i., . T l1 e 

• 
carr1age \vas tra veiled too 

fa: t. '"[ o ­
\vards th e 

\\•ILLI.\!\I l\IrRDOCH.- EARLY MOTOR C \R 1~\"ENTOR. clra\vn a long 
by one o r 

end of the last century' , there is an 
account of a journ y· tn acle by an 
}:nglishman in a :--,a iling carri age 
fro tn lexandria t ] ~a: :ora. In I 786 
there \\·a s a trial o f a no the r at Black­
heath , at \\'hich ir J os IJh I3ank .. and 
<j vera I m m ber. of the l~O)' a l ociety 

tn ore kite .. a rra n<recl 
b in t a 11 cl m . I 11 

the accotnpa ny ing illus tra ti n Fig. I ., 

the I o '\,e r m o t kit i 1.) b r u g l1 t cl o \ v n 
c lo:e t the carri age. 1\ S I) ring drag, 
O})erat cl b}r a lever, \vas cm pl .Yed t o 
re tard o r a rrest the rnoti n of the 

• 

carri age. S I) eel of a tnile in three 



• 

n1inute · ,,·as attai ned on 
o:casion , e\·en upon l1eavy r 
on o ne cc a. ion the rn ile ,,.a 
in 1 ~ m in ut e s. ~~ 

.. e , ·e ra l 
ad , and 
co,·ered 

L .. eav ing the a iling cars, fl)' ing 
chario ts, and omitting an),. m ention of 
the carriages propelled by· \\<ndmill ·, 
" '"e rnu t noti ce som e of tl1e earl) ' m ot or 
cars propelled b)1 tearn. 

Cug 11ot's stca rn dray· catn e o ut for 
a brie f airing 120 )rears ago, and 
unhappil)' me t \vith an accident during 
one of it journeys, \vhich brought the 
trial to an untime l.}' end . Runnin g· 
UI)O n three 
\ V heeL on 1 v, 

~ 

'" i t l1 t l1 e 
've ig l1t of the 
b o il e r and 

• eng tne over-
han g in g in 
front, it \Va 
.by no n1eans 
a s t e · a d y 
macl1ine and 
• • 
1 n pa . 1 n g 
alon g a s treet 
in Pari.. at 
the rate of 
three miles 
an h ou r \vh cn 
turnin g a 
corner it over- --= 

balan ced it­
self, and fell 

Engineering Times. 

One night, after re turnin g· frorn l1i s. 
duties at the mine, M urd ocl1 \\'en t 
\Vith hi 1 cornoti\re t o the a\renue 
lead ing to the churcl1 , a bou t a mile 
fro rn the t O\\'n. The \valk \vas t1arro\v, 
straight, and le, ·el. Having lit the 
lamp, the l\,·ate r oon boiled, and off 
tart@.d the e ng ine, \Vith the inventor 

after it. S ho rtl)' a fte r M urdoch l1eard 
sh out of te rror. It \\ra .. t oo dark to 
p erce ive object , but h e fo und, on 
follo,,· ing u 1) the car, tha t the cries had 
proceed ed from the \\·orthy vicar, \vho, 
\vhile going alo11g tl1e \valk, had m et 

- -- . -

• -
• 

OVer \Vith a FIC,.. 3 .- TII E FOrR~E~ S 1\lOTOR CAR , BCILT I N I / t. 

era h, for \vhich offence tl1e ma chine h e hi ing and fi e r) '" little m on ter, 
'"a locked up to keep it out \Yhich he declared he took to be the 
of furthe r mischief; C ugnot \vas a lso Evil One in per. o n. Tl1e celebrated 
imprisoned. I~' i g. 2 ho,vs the machine, Jarnes Watt's ideas on road carri ages 
altho ug h it can h ard ly be te rtned a \\·e re cru de, and h ad he atte tnpted to 
m oto r car, it a ppears to be the fir ~ t o f put hi ideas into p ra ctice, the 
the m ot or vans. rnachine \\"Otlld h a\·e been a fa ilure. 

Mu rd uch 's inte restin g little rnot or vV att di "pla )·ed a d og-in -tl1e-rnangcr 
car tneri t som e a tten ti on. \\/' e can I)i ri t ; l1e c uld n t, or \\"ould not, 
o n 1 )? re fer to a tri a l of thi s m odel. tn ake a rnotor carriage him, e lf and l1e 

" "Thl" Antiquar) ,"September, 1&j6. 
Rhy Jenl<in 

" ·as dete rrnin ed th at no one c l e 
.\rtic:e by ~Ir. 

· sho u Id ucceed. H e ,,, ro te tl1reaten-
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ing letter to ~)' tnington and other , 
'vl1o \Vere m aking road eng ine , t o the 
effect that '\ tl1e ole privilege of 
rna king team eng ine , had been 
g ranted to Mr. \ i'/att by . et of P a r­
lia rnent " · he had specified the appli­
cation of tearn for driving \vheel 
carriage in a patent \vhich \Va taken 
out in r 784. 

We now \Vi h to notice a n early 
motor car " ·hich l1a received but 
. cant attention. In 1788, R. Four11e s 

• 

-- -- ·-- --
· ---~ - --

·-

- - - - - ~ 

I J 

g iving tl1e various travelling Sl)eed 
on the road. Steam vva admitted to 
the cylinder through a '' rotative 
cocl{ '' into the barrel of which was 
introriuced three branches for the 
three cylinder . 'fhe cock \vas 
\vorked by a vertical haft \vhich 
received motion from the eng ine. A 
imilar cock vva adopted for dealing 

\vith the exhau t team. I~' i g. 5 ho\VS 
the t\vo cock ; the exhau t team \vas 
conducted into the feed water tank as 

0 

\ 
\ 
\ 
I 

\ 
I 

• 

I 
_) 

I 

I 

I 
I 

I 

I 

I 
I 

I 

I 
I 

FIG. 4.- ID E ELEYATI ON OF THE FOURNE • CAR . 

and J. ... h\vortl1 took out a patent fo r 
the macl1ine 110\\-n b)' the three ill u ,_ 
tra tion . Fig. 3 g i,·e a general vie \v, 
}"'ig. 4 repre ent a side e le\Tation , and 
}"'ig. 5 a n end 'ie\\'. 

Motion \va commun icated from the 
pi ·ton of the three inverted open ­
ended cylinders t o the cra nl< sha ft, 
one or more spur \vheel \vere 
keyed upon tl1e cra nk ~ haft gearing 
into other on the driving axle, fo r 

,hO\\'n by Fig. 4· A fe" ' \vords 
re pecting the inventor m ay be of 
intere t l1e re. R obert F ourne \vas 
a native of Otley, York hire, his first 
invention \Va a hide plitting rnachine 
for u e in hi fa ther' \vorks, \vho \Yas 
a m aker of fan cy leather fo r book­
binder . The hide plitting machi11e 
\vas not patented and in order t o 
keep it con tructio11 a ecret , three 
or four ha lf-\vitted me n from the 

• 
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inventor \vho ever 
li ved, he ha been 
j u. tly te rmed the 
" fathe r of the high 

. " pre ure engtne, 
a n d h e \ V a 
undoubtedly the 
" fa th e r o f th e 
rai},,·ay locom otive 
e n g in e." Trev i­
thick made the first 
m otor car ''7hich 
carried pa enger 
on an I~nglish 
high\va;;. C ug not 
l1 a d 2 o }' ea r ... 
preYiou ly carried 
pa sengers on hi 
dray through the 
' treet of Paris; but 

1----41 t""""'< .,__) ---1 L-~/ _.t=.'\ ~-~ 

(... '-) ,J-: ---. 

there \vas no corn­
pari o n b e t ween 
the e t\vo machine . 
Full particulars 
of Trevithick's road 
, ·ehicle are g iven 
in the author's 

r-., . 

I 
I 
I 
I 

I 
\ 

-., I ,.... ·· r 

~ : :; ~~ rill 
..... i'--

1 I 
I I 1--. 

~~ - - • • .-4 I ~ 
~ I· • - ~ 

I 11 
1'-'1 I 11 

I I 11:::~ 
loo ~ ~ - • - .... 1-=..:::t 

I I 
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I 
1 I l,.-

Li- ._ u 

• 

book on R oad 
Locomotives. We 
\Vi 11 cio e \Vi th a 
t ory· re lated by 

F I G. 5.-END VIE\V OF FOURNE S CAR. 

Dr. mile : " It i, 
said that Trevithick tarted from 
Hayle with his puffe r, and proceeded 
on his journey; the an x iety and heat 
of the engine b rought a fl ood of 
perspiration over him , \vhich served 
to catch the mut from the engine 
fire, until poor TreYith ick appeared in 
Satan's livery. In thi ' tate he 
suddenl)· pulled up at a toll-gat e and 
called out, 'What's to pay"?' The 
toll-keeper, m ore timid than \vi. e, 
stood baking in hi .. hoe and 
replied \vith a tammering tong ue, 
'No nothing to pay·, Mr. D evil, 
drive on as fa , t a ) u can. ' " 

\vorkhouse \Vere employed to work 
it fby hand power. Fourness \vas a 
practical engineer, and had \Vorks of 
his O\\! n in Sheffield, and after\vards 
at Gainsborough , he put up some 
large beam engines in various parts 
o f the country. Like other m echanic 
o f his day he received threats from 
Boulton and Watt, eau ing him to 
relinquish some of hi later engineer­
ing undertakings. Among his in­
ventions there ,,.a one re latin g to 
s team boat '" . F ourne died at an 
early age, and \ve a re unable to say 
\vhat became of hi ,' m otor car. R. 
Trevithick \\'as one f the g reatest ( T o be continuccl. ) 

• 



• 

• 

AN ACCOUNT OF SOME EXPERIMENTS WITH 

BEHR'S MONORAIL HIGH SPEED RAIL W A'Y. 

By F. ROBINS. 

- --<<>>---

:N Y afe and p racticable chem e 
for facilita ting tl1e m ean of 
ra pid comrnunica tion bet\veen 

large industria l centre \vould be 
la rgely \velcom ed a nd no,,· tha t 
. uch a chem e i a bout t o be p ut on 
it tria l bet\veen Li verpool and Ma n ­
che te r, a sho rt s ketch of its hi tory 
a nd d evelo pment, \vith an account of 
·experiment tha t h ave t aken place. 

ho uld be inte re ting . 
CaiJlet ' Mono ra il S y te rn ( \vhich 

has been described in a recent numbe r 
.Qf the E · I "EE RI NC; TI~I E ) is 

• . ' . 

'Jught a ,,·ay out o f the difficulty by 
build ing a ing le line m ounted on 
tria ng ular tre e l a bout 3ft. l1igh, 
and balancing pannie r o n vvh eels 
on the top rail. His ex pe riment vva .. 
generally succe sful. H e e xhibited 
his line afte rward both a t R ouen and 
Paris in I 884. I t \ V a h e re that 
Mr. F . 13. Behr, \vho e name is 
no\v o clo e ly a ocia ted \vith the 
y te rn , fir t becam e inte re ted in 

it, and he immedia te ly e t about 
\videning its cope, and m a king use 
of it in a m o re exten ive fie ld. 

• • . ... • • • 

perhap the 
m onora il in 
its im ple t 
form. This 
i m a inl y 
u se d f o r 

• . . ' •• 
• • • 

A n ex ­
pe r i rn e n tal 
l in e \V a 

agri cultura l 
vvork. A de­
ve l o prn e n t 
o fthi "im p le 
m onora il is 
the L a rtig ue 
e l eva t ed 
sing le line. 

C h a r le 
L arti g ue, a 
French en-

• • 

• 

• ' 
' 

• 

. 

• 
• 

• l 

• 

• 

• 

• 

• • 

• • 
• 

• 

• 

• • 

• • 
• • • 

• • 

-

.. 
• 

• 
• • 

• 
• • • 

• 
• • • • 

• 
• • 

• • • • 

built by him 

u.-~~~~~---=--- - in W e tmin­

• 

~- ~ ter in I 886, 
· · a nd it prac-

ti ca bilit )· 
\Va SO OC­
viou that a 
co mpany 
was formed, 
a n d th e 
n ec e s ary 
p o,ve rs vvere 

bta ined , to 
b u i 1 d a 11 cl 

• g t nee r tn YI ?:\\' S H O\ \ ' ING LARTIGUE !'1 0NORA IL A • ED IN ALG ERIA . equtp a m o-
A l cr e ri a b ) 

fo un d tha t te rrifi c sand to rm .. 'om e-
time: com p le te!)' CO \rered the ra il of 
a small narro\\·-ga uge line ,,·hich he 
\vas \\'Orkin g, thu ren derin g it u ele 
a t certain t imes of the year. H e 

• 

IS 

nora il rail ­
\V a .Y bet\ve'"'n Ba ll y· bunion and Li to \ve l 
in I re land. 'I' his ra i 1 \va y h a been in 
op era t ion for o \·er ten )·ear a nd fro m 
it novelt)· it forms no incon ide rable 
a ttractio n fo r t o uri , t in the umme r 
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E XPERIMENT L L1NE RFILT AT v\' ESTl\IINSTER . 

A 'CE~DI~G G R ATH ENT OP I lN 10 

season. In tl1e Soutl1 of France too, 
0ne of the e uniqu little rail\\"a)· .. · i .. 
at \VOrk. 

There i l1 \\'e\·cr, a ,,,ide gap 
b et\veen the "e m de t a1)plication .. of 
the ing le line idea, and tl1e huge 
experime nt abo ut t o be d esc ribed. 
Until the Behr improvement ·, it \va · 
11ever l) re tended tl1at tl1e m n o rail 

y· ·te rn could a ttain t o l1ig l1 speed 
coupled \vi tl1 comfo rt a nd ~·ec uri t)? ; 

and this . ho rt l1i ·t or;T o f the infa nc;r and 
1·ou tl1 f th in \·en tion i , in te re ti ng 
onl)' a a connect-
ing link bet\vee n 
the unpret ntious 
little line in lgeri a 
a nd the d a rin g pr -
ject at 13ru .. seL . 

The . ucce s f 
the Irish line em­
b lde u cl tl1e in­
ventor t o 1nake 
tl1e:e trial ~ . Tl1e 
l~ru ss Is I nte rn a­
ti ona l Exhibiti n 
\vas coming· ff in 
1897, and that 
eern ecl a favour-

• 

..... 

ENG I NE 

Engineering Times. 

verntnent, and pe rtni s­
s ion \Va. btaine l ~ r 
e rec t i n g a line. ,.f l1 e Ex l1 i-
bition ~ornmittee, seeing 
that th })roj ect \vas going 
t b e unique in it ~ a ttrac­
ti \Ten css, l) ro tni ed t find 
rn t i \ T e p o \ v e r to the extent 

f I , ooo-h r. · . The 1 in e 
\\' a c rnmenced about 
October, I 896. On accc unt 

f tl1e unJula tin g nature o f 
the g r und , c rnba nkme nt .. 
ab ut I 8ft. l1igh, and deep 
cutting. , bad t o be made to 
en ' ure m d erate g radie nts; 

the \vinte r '''eatl1e r \vas unfavourable 
for building eartl1\\' rk · and the \vork 
be ing l1urried, \va · generall;' ·camped. 
The line, about three mile long, \vas 
a clo .. ed curve f e lliptical ~ rm, or~ 
tn o re stricti)' , t\\·o ~ 11ort parallel line. 
united by t\VO CUrVe' Of ab )Ut 5 .. ~0 
yards radiu ·. 

F o r one-and-a-half mile · the re \ as 
an up-g rad ient exceeding I in IOO; 

and about three-qua rter · o f the ,,·h ole 
c ircuit "r a ... a c L1 r \.e. T 11 e s t at i 0 11 \V a 
·itua t d on a cur\Te, thus r ncl ring 

... 

• ' 

' 

able OIJI rtu nit}'· 
" r r a n g tn e n t s 
\vere rn a le ,,·ith 
t l1 c 13 c 1 g i a n .._,T \1' 10'1 OX BALLYBC.NION ~ n Ll~I'O\\'EL LI~E I N IR FL.\ND . 
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\vide, and \\'eigl1ed about 
64 t n . I t c n i ted f 
t\VO b og ies fl ex ibly 
c Ul) led together ; the e 
l1ad the a1)pearance of 
riding a ~ trid e the rail. 
The lo'' 'e r l)art of the 
carriage en cl ·ed the driv­
ing mechani: rn. There 
\\'e re four e lectric rn oto rs 

f about 200 11.-1). eacl1. 

B LLYBCXI ON .ND Ll. TO\ VET... L INE. \ "1 8 \\' •. 110\\ ' I NG DH A\\ ' ­

BRIOC~E ON LEYEL CROSSI~C~. 

T l1e 'e \Ve re u ' lJend ed 
from the g irder , and ,,·ere 
connected to the axle of 
the driving \vheel , by 

the condition ~ r tdrting and to1) ping 
unfayourable. 

The tructure it elf con i t ed of a 
: ing le rail eleYated abou t 4ft. a11d 'UJ ... -
portedon trongA- haped s teeltre · le,, 
the leg of th e tres. e l \vere riveted to 
·t eel lee pe r " ·l1i cl1 imply rested on 
tl1e balla -- t. Tl1e e triang ular upports 
vvere paced about 3ft. 3in. apart, a nd 
a t eacl1 ide \\'e re fi xed lateral!}" t\\ 'O 
ra il , of pecia l . ection , one a bout I '~ in. 

a bove the o ther. The function 
o f the,·e gu ide-ra iL \ V a tl1ree- -
fo.ld : ( I ) t o brace the ' " h le 
' )' tern together and g uarantee 
it · stabilit)·, (2) to engage the 
horizontal g uide \vheels f th ..... 
car and pre\·ent O.'cilla tion (3) to 
co u11teract tl1e e ffect of centri ­
fu g-al force, \vhen r unding ha r1) 
curve . . 

The e lectri cal conductor \\·as 
a l ·o a teel ra il of cl1a nnel ection, 
re ting on IJ rcelain in: ulato rs 
fix ed in the : lee per '. These 
ra il \\'e re jointed togetl1er by 
cor)per fi .' l1-r)la tcs to l)reser ,·e 
electrical con tin u it) ·. Tl1e re­
tu r11 circuit t r the e lectric 
c urrent \Va · tnade thro ug h th 
line it 'elf. 

The car ''as 6oft. long , I I ft. 

• 

' Han Renold " chains. 
rig id iron p iece \Va interpo .. 'ed be­

t\veen the bod)y of the m otor and the 
axle to '' l1icl1 they \vere coupled. 1"' hi , 
made the propelling fo rce an ab olutely 
self-contained y tern \vhich could not 
be affected by an}' l1ock ,,·hich the car 
might receive. Lt\ ~ et of 32 horizontal 
double-flat1ged \\'heel , \vhich take 
their bearing on the g uide rail. de­
,,c ribed, l) re ~ e rved the equilibri u1n a nd 
prevented exce,· ive vibration. 

• 

• 

• 

t= ng: rr"'!..S ' 

!-! H O\\ ING Cl' R \"E 0~ L INE T HR t:SSEL . . 



• 

18 Engineering Times. 

' 

• • 
ft-' I • • ... • • ,.(."""·------·- . -r;o-.,........ ~---- ._. • 

I 
.._·;,_.__........_ . t--' -~· . " . • . 

· \vhen open, these pre­
ented a la rge resi ta nce 

. to tl1e a ir, and could be 
mani pula ted a t Yvill by 
the driver. 
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The interior of the 
car, vvith seating room 
for 1 oo pas engers, was 
lu x uriou ly appoi11ted ; 
the seat \vere uphol-

' 

' . -
• I 

i • \ 

• . ·-·-,... - . • -

~ 

.• ' '-&. - ... 

' . 
• -

• 
• 

' 

--

-

• • • ., rl r-

- .. 
·-· 

• • 

DETAIL. \F L I NE .".1\ D <. ONL UC'fOR RAIL. 

te red , ome in U trecht 
velvet, some in Morocco 
leather, a nd tl1e R oyal 
Corn partment \vas a per­
fect exhibition of the 
upholsterer's a rt. Each 

The \vhole \veight of the car \vas 
distributed a mong t eight double­
Hanged main \ V heeL, 41ft. in d iameter, 
that i , four vvheels to each bogey; 
the centre \vheels \vere dri ven, the 
t\vo outer were leading an d tra iling 
respectively. 

The car had pointed ends to 
dimini l1 the air resistance, \vhich, a t 
high peeds, is no unimportant factor. 
The triangula r pace enclo ed in 
these pointed ends \vere re e rvecl for 
the dri ver and 
·Co ndu c t o r . 
The dri ve r 
had , under hi 
hand , devices 
f o r tarting, 
regulating the 
peed a11cl 
topping. It 

vvas surmisecl 

person had a eparate eat specially 
a rranged so as to avoid the slightest 
d i co1nfort \vhil e pa . ing round sharp 
curves. The electric current \vas picked 
up by in ulated trolley fi xed to the 
bottom irons of the bogeys. Q,ving 
to the excessive \veight of tl1e car and 
a l o to the imperfect tate of the 
genera ting p lant onl y a speed of 
6 5 miles an hour on the curves vva 
obtained during the exl1ibition. 

'fhe engineers to the Belg ian 
Gove rnm ent 
vvere o struck 
''Ti th the po -
ibili tie of the 
c h e m e if 

that at a hig l1 
rate of peecl 
the ord inary 
fri ction brake 
\vould be in-

'\~ IF:\V OF CAR HO\VING AIR BR A KE OPEN. 

ca rri e d o ut 
u nde r m o r e 
favo ur a bl e 
c 11 cl i t i o n , 
tl1a t they ad­
v i e d th e ir 
Gove rnm ent 
to appoint a 
. pecia l R oyal 

• • 

efficient ; this fore:·een d ifficulty \Va 
obviated, ho\VCYer, by an in genious 
d evice of the inventor. The bo\v of 
the car \Vas p rovided out ide with ver­
t ical: louvre p lates turning on pinclle. ; 

o m mt 10 11, 

'v itl1 the object f continuing the 
tri a l \vhen the exhibition hould 
be fini hed. In vie' of the e future 
tri al. , Mr. Behr clccided t o p rofit by 
the experience gainecl during the fi r .. t 

• 

• 



Behr's Monorail Railway. 
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• 

I 

• 
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I 

l~un , \vere tnade ' itl1 ha lf 
the g uide \vheels i11 ac tion 
only, a11d even the car had 
to be divided into t\vo parts 
and run half at a time. }' rom 
this it can be seen that the 

b::::::===::::::;:=~~ "-- J~~~~ ~:cd::t:cr-~nt ~~!:::::, ~· :.....:._ "" 

te .... t \Vere of a ' ery evere 
character, ancl the evera l 
eng ineer expressed their 
highe t ·ati 1action at the 
re, ult obta ined. The highe t 

• 

• fll 
I 

I 

• • 

• 

<:RO. S Sr~C 'fiON OF C RR IAGES. 

trial , and to partia l! y re con ,truct the 
car during the \\rinter tnonth . Trouble 
aro e nO\\" 
• 
111 an en-
tirely un­
e xpected 
q u a rter . 
O ne tor­
m y d ay 
in Jo\'·-

emberthe 
\vhole of 
the gener­
ating ta-

• tton \Va. 
I e ve l ie d 
t o t h e 

• 

I 

• 

·-

• 

' • 

• • 

• 

• 

• 

• 

peed recorded offi cia lly \vas 
at the rate of 83 mile per 
hour on a curve of 540 yards 

rad i u ·. Thi \ V a no mean result. 
Tra\·elling a t that peed the ensation 

• • 

• • 

• • • 

• 

1 

• 

• 

\Va ex­
tr e m e ly 
pl e asant,. 
and there 
\\'a a feel­
in g o f 
p e rf e ct 
,· a f e ty . 
Th e ab-
·ence of 
'l ib ratio11 
or sway 
\Vas r e ­
markable 

g r o und 
LO~GITt' DINAL P L 'N AND S E CTION 0 ? CAl~. 

T he ob­
ject of the 

and \vh il tho. e in I)O\\·er \\'ere en­
dea,·ouring· to l1oulder the re. pon. i-

• 

bi lity 011 . ('mebod)' , the \vhole of the 
val uable rn acl1in f ) ' \Vas left expo ed 
for \\' eek: to the \Vind and \veather. 

I :1 pril I 898 all \vas in read ines 
again. The reconst ructed car \veig hed 
about fift)' t n. and tnol< fa r le ·. 
po,ver to tnove it. T he l3elgiat1 R o)ya l 

~ o m m i · i n , '' · i th c n g in ee r sent b)' 
the Ru ... ·ian ancl l~""rencl1 Go,yern rn ent · 
r)aid dail)' vi ·its of in pection and 
In ad e an c x ha us t i y· e series of ex r)e r i­
ment .. . 11~ , . r)T p . sible tn easurc1n cnt 
\V a · taken rate o f accelerat ion tn a x i­
mutn ·r)eecl deflect ion of rail , etc. I~TER IOR OF CA RRIAGE SIIO\\' I~G 

ARR .\NGEl\ll~NT OF ' E TS. 

• 
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• • 
gart a n ngtneer IJro-
posecl t o buil cl an e lec­
trical rail \V a)' \vhich 
\VOtllcl tnake V ienna 
about a n hour'. journey 
from Buda-l>e ' th, he 
de. ignccl a line built on 
spec i a l r a i . e d teel 
.' leeiJer ... bedded in con­
cret , and no curve \Va 
t h a ,.e a racl iu of le. s 
than 3,2 so )·ards. Hi 
car \V a · I 30ft. lon g, \vith 
accommodation fo r 
forty-fi vc pas enger . 
on 1 }'. 

In tneri ca an ex-
YIE\\' ' Il0\\' 1:\' (~ \\'RECK OF TilE GENERA TIN(~ ST TION, BR US.' EL..;. 

periment h as been tried 
on a bi-ra il line \Vith a n lectric car 
\veig hing ro ton . Tl1e line \vas a 
clo. eel curve, and at a speed of over 

inventor i.' to u_· e hi · "Y te rn as an ad­
junct t o exi. tin g trunk lines ,vherevery 
high speed is de irable. nd there 
are .. everal rea.--ons \vhi ch go to prove 
that the m onorail S}' te rn is the 
m 0 .. t .. uitable. Except on long 
trrl.ight line. no train in England 

o r America has ever approached 
the peed attained at T ervueren on 
uch a 'evere cur e. When 

Ziperno\v .. ky a celebrated Hun-

• • 

• • • 

• 

• 

• 

I I 

- · .. ,_,.. ---

• 

. . ~ .. • 

• 
• -

7 5 mile an h our th e car im p ly 
jurnped the track and \Va ma ... hed 
int atom . . 

The m a in dri ving ' heel of a 
Monorail car, a. \Vell as tl1e h ori­
zontal g uiding wheel , being double­
flan ged, prevent any· p ssibility f 
derailment; and the unplea ant 

' 

effect . ometime felt 'vhen 
g ing r und sha rp curves 
(clue t the . u per-elevation 
of the outer ra il ) on ordinary 
rail\vay i n t at all ex­
perienced , r is, at least , 
reduced to a tninimum in 
car .. on tl1e: ne\v s\ · "tern . .. 

E lectric tract ion \vhich 
s ub s titut e co ntinu o u s 
r t a ry m tion [! r the re­
cil)rocating In vement f 
eng ine connecting ro 1. .. , 
tend. t o le en the ch a nc s 
o f cle ra ihnent. 

··- £ng -Tim~ 

committ e f enquir}' 
has been [! r s me tim 
conside rin g tl1e ~ a ' ibility 
of a B hr rai l\Va) r, for fa. t ~ n E \\' 1 N< , H. h-CoNsTl { vcT En c .\ 1~ \VEI<niiNO ~0 TONs . 

• 

• 

-
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Behr's Monorail Railway. 

xpre traffic bet,ve n Liv rp 1 and 
Manche ter. Their report ,,·hich ha 

n1y r cent1y been i ued, i fa our­
t the cheme. It 110 \ V remain to 
cret the nece ary Parliamentary 
p \ver before thing a utne a practi­
cal hape. 

The follo,ving figure ho\ Mr. 
Behr .. e:timate of the c t of con­
... truction and equipment of the 
pr p ed ! 1anche ter and Liverpo 1 
line:-

Ir n \YOr k and perman-
nt '"a . . . . . . . . . 

I..ia nd and bui ldin o- .. 

• 

£ 

406 2J7 
394 7 0 

• 

Bridg 
work 

and arth -
• • • • • • • • • • • • 

L yin o- of Jine ....... . 
tation . .... .. .... . 

R ol1in o- t ck ...... . 
( 

on tin cr n ci , I o per 
n t. . . . . . . . . . .. . . . . 

Eno-ineering cxpen'"' e 
P atent due ......... . 
l nte r~e t 

• • • • • • • • • • • 

Par liam ntarv ex . • • 
"' 

Cost of 'entral tation 
a nd cabl . .. . . . . . . 

Total . . . . 

• 

• 

£ 

6J,OOO 
20,659 

40,000 

2,000 

9- 66:; 
6o,ooo 
6o,ooo 
45,000 

0,000 

-----

2I 

3 1o,66s 

220,000 
• 

----·-
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THE DEVELOPMENT OF CABLEWAYS IN GREAT 
BRITAIN. 

By JOHN M. HENDERSON, Junr. 

- - ..... ·------
EVER has the con ervative 

nature of the Engli h bu i­
ne m an bee11 more strik­

ing ly illu trated than in hi connection 
- or, rathe r, di c nnection \vith 
cableway . The advantage attending 
these mea11s of tran porti ng good and 
pa enger l1ave been demon trated 
' O clearly during the pa "' t 30 r 40 

}
7ear , that it i notl1ing hort of 

a tonishing that cable,vay ha e, until 

C'· 

quite recently, made little o r no pro­
gre in thi country. In America 
they have been treated very differently. 
At tl1e out et their labour- aving and 
time-saving merits \vere recog ni --ed 
and eagerly appropriated, but it i 
only during the pa. t and pre~ent 

year -- that cable\vays l1a e bee me 
... eri u factor in the eq ui pm en t of 
Engli,·h contractor , quarry-o\vner , 
e tc. nd there i little room to d oubt 

' '• 'o''o' , , 11 ,, • 
I 

I 
I 

I 

0 

that the next fe,v ) ear .. \Yill ."ee a very 
ex ten~ ive use of thi means of trans­
port in Engla11d. It \vill a .. ist in 
the dem olition and building of 

FIG. 2 . - LoAn cARRI.\. E -- bridge , r "' ervoir , dam , in the ex-
No F LL nLocK. ea ating of canal , trenches and 

Fnll-roj>e C'arrit:rs a.1 e 
bct'ng carried by tlte e\ ver ) the \\ r king 0 f q ll arri e ' 
" If orn." , 1 carrier lurs } 
'ust been displaced by tlw min ~' p antation farm. and fact rie ) 

Button Oil t lu: Rutton-raj>t! I I and it \V ill revol uti ni 'e to a V ry 
·~. ~~---~~~L_~~4L 

1 '' \ 0 I , 1 con idera ble e. ytent tl1e method · of 
'

\ I I I 
\ \\ If I 
, ','~' ,,/ 1 hoi ting and conveying. 

,, ' 11 I Tl fi , '~" /:;/ / 1e rst cabl \\Tay to be u eel in ' ,,, _,;;' , / 

',,~~ :: ~~~/ thi c untry "'as erect d in a g ranite 
' ..... 

• 

~ - q uarr}· in , ber leen hire. I) re ·iou 
to tl1i .. crude \vi re rope incline \vere 
in tL"e in the atne undevel ped ·tate 
in \ v hi c h they at 1) re en t ex i , t i 11 

• 
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!-I ( 1 l . ' r t h \~ e 1 s h s l at e q ll a r r j • s, b u t t h . ) . ( () u 1 d j n 11 c 

"et) cotn pa re \V ith the cable\\ CL)' a"i n J\V C()11.~ truct e.d. 
'1 h " \Vri t ' r ha') had on:-, idcrablc cxp ·rt ne· 111 the 

con~truc tion an cl erecti on o f cable\Va} s, and deen1~ i t 
\Vould be of inten.~~ t t o g ive h re ~o tnc parti cul a r o f a 
n1oclc rn cabl c \Va), and of sotn ' ~rccti c ns carri ·cl c u t 

• 

unde r his O \\ n ll} er\ i :-, iun. 
I•' i< . 3 i'; a cliao ra tn ~ llo\v in t.t the c ns tructio n an l 

h . h '-.7 

n1 ethocl o f operating a ' I I nd r!'>on " cal le \\ a)·· The 
t\\ o drutns and 13 o f hoi '-, ti ng eng ine a re of the a n1 e 
di a tn t ' r ; the one. \ , carri .., the hoi"> ting ro pe, a n l th 
e ther, 13, is tnad \vith a cur\ d .., urfacc a nd carri ~ th 
en ll ~"i tra \·crsing rope. Th ndl ..,s r pc is \\·rapped 
around th d ru tn a n utn bcr of ti rnc.., enough t < pr Yent 
slip in the opposit dir cti n t that in "hich th Jrurn 
is turnin g, thence it is I cl over th e ~heav pull )'" I , 2, 3, 
and 4, ( n mast ~, a nd attache I to fr n t and r a r o f 
carri age at ( ' and D. 'fh ho i ~ting r p is 1 l fr Hn 

d r u rn , o \. c r p u 11 e j r 5 , then cc 1 ) , t \ v i n t h c cl i a g ram 
three, falls to load. 'l 'hc n ll '-,') ro1 c s rv . to h ld th 
carriage in p1 ace '" l1i 1 ~ t the l1oi '-; t i 'l being rn ad . 1:.. r 
hori zontal tnotion bo th ro p a re pulled in < r paid ut 
at same r at e o f ~pccd . The load rna)r b hoi ~ ted r 
lo\v red at an y point unde r th line of cabl . The 
hori zontal 1notion tna} be g iven to the load a t a ll)' 
point to \vhich it i ~ rai "ie I. 

1\I an)" i tn pr \. ~ nl en ts a nd cl \ "Cl prncn t s ha\ c 1 l up 
to th c ea 1)1 e" a)· a ') no\\' used. L .. < ng . pan cable\\·a )'"i 
\\·ere imprac ti cabl e \vi th ut sorne tncans o f .., u pporting 
the hoi.., ting rope, "llicl1, vcn in 1uite hort ~ pan ", 
tended to fa ll ~ l ac k bet\\ cen the pull }" on t JP of tna~t 
and cable carriage. 1\ftcr \·ariou"" tnorc r lc"'s s ucc ..," ful 
attctnpts thi s ha'l been >\"ercon1 e b)· u ~ing th fa ll 
r OJJ C carriers. 1' hc~c carri er~ are clra \\·n out \vith the 
carriage b) a horn ( ~c Ii ig . 2 a nd ach is .., t pp l in 
its prope r pCJs itiun b) ,, button .., n fi xed a t intc r\·a ]'-) on 
the ' button r pc," \\' hich is hung pa ra ll I \\'i tl1 an l 
above the tn a in cabl \ 

I llustration I i'ig. 4 r · pre~cnts a II nde r~on double 
C)·linclcr engine an I \Vincling t; ·ar, a~ p cial l)· de ign l 
for Operating a 5-to n cab}e\Va) of a bou t OOOft. ~pan. 
The engine C)·lin ler") a re each 12in. bor f( >r a 
troke 20in . Dru1n~, GGin. di a rnete r. l ' hc ~ pcecl s a r \ 

h <> i. tin g· 400ft. per n1 i nut , of t ra \. c 11 i n g Xoo f t. per 
tninute . 

. \n inte re~ ti n~.; piece of \\ ork recen t!) carrie I < ut 
b) 111) fi r n1 is ~h e \\Fn in F' i ~s. r and 5. I t is a 
cable\\'a) erected tc a. s i!-it the len1c lit1<n1 f th · 
<>Id \ "auxhall 13ridge. 1' he span of t h ab}·,,·av 
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i 932ft. , and the ma t on ' vhich it 
is supported a re 77ft. high. The 
masts are con tructed of timber of 
24in. x I I in. rectang ular section, and 
are each upported by fi ve wire guy 
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F IG. 5 . - THE VAUX H ALL BRIDGE CAHLE\VAY. 

rope , the main cable in each instance 
being anchored to a concrete block. 
The tnain cable on \vhich the carriage 
runs backwards and for\vards is 6~ in. 
circumference. The ha uling engine, 

" 

Engineering Times. 

s ituated n the Middle. ex side, has 
separate drum. for traversing and for 
lifting. Engine cylinder. , each 
I I in. x 2 I in. ; drums, 65in. diameter. 
The ropes pas from these drums 
over corre pending drum. , carried by 
a counter haft a t the base of the 
mast . hown, and thence over the 
pulleys at the top. The pulleys on 
the counter. haft are sft. in diameter, 
and three in number t\vO for the 
endles traver ing rope and one for 
lifting . 

The cable,vay take the place of 
gantri e , po ted up and strutted from 
the ri ver bed, and carry ing travel1ing 
cranes, and it has been found in 
practice that thi cableway hasdone the 
work f eight or nine of uch crane . 

In conclu ion, I will put in a few 
\vord , \vhat I consider to be the 
particul ar advantages o f the cable­
\vay: I t can raise and deposit the 
materia l being dealt vvith on both 
side , of the excavation or \VOr k ; it 
can be more economically constructed 
than any other machine of like 
capacity ; it i portable, ancl can be 
1noved at very little expen e; it saves 
the cost of sledging and blocking in 
quarrie and mine. , a large ma se 
of material can be put into the skip~ 

or lung by cha ins ; 33 A per cent. 
more material per man can be loaded 
int skips than vvag ns; i11 q uarries 
and in mine excavation , the skips can 
be loaded a t an)'r de ired 1 oint, \vhil ·t 
if \vagons be employed, after the 
material nearest the wag n ha been 
loaded , the otl1er tn ust be carried 1 o 
or 1 5 feet, or co.' t increa 'e l by la}·ing 
track ; there a re no vital parts in tl1e 
construction \vhich w uld cause delay 
[! r any length of time in effecting 
repairs; very little labour is required 
to operate the machine, making it 
pos ible to d night work economic­
a lly a compared with other method" 
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LIMITATIONS TO HEIGHT OF BUILDINGS. 

By ROBERT S. BALLt B.Sc. 

I-I E \'i ·i t or to ~ In erica " . hether 
he be a ciYil engineer o r not, 

cannot fail to be impre ·"eel b; the height 
of the ffi ce building · in tl1e cl \Vn­
t o \\. n cl i , t r i c ts o f o 111 e f the c it i e of 
the " ·e t. • ,,·al k do\Yn ta te or D ear­
born trects, Chicag , o r Broad\\·ay, 

J e,,. Y ork, \V ill re\·eal t o l1im ·om e 
truly a ,"' t ni , hi ng ample of arcl1i­
t ecture, o r t o be 111 ore c rrect of ci \'il 
eng ineerin g, for a: far a ce ' thetic or 
architectural beauty i.' conce rned he 
,,·ill be g rie,·ou. 1;· . hocked and 
perhap. it i more correct t o a · ig n 
arti ti c qualities t o the arcl1itectural 
profe · i .n, and lea ,.e the tructural 
problem ,~ to the civil eng ineer ; m ore­
over the con truction and de ign of 
the e huge IJile lie " ·e ll \vithin the 
clo111ain vf ciYil e ng ineering, and the 
highest skill of tl1e profe :· ion ha 
been expended on their de ign and 
e rection. 

Our imarr inary pede trian ,,·ill 
fancy him "elf at the bottom of a 
m ountain gorge, and in tead of cliff 
tO\\ ering up on one ide and the 
other, he \vill notice ,-ertical \Vall · of 
brick, ·t ne, or terra cotta dotted 
over \ Vi tl1 ymmetrically di po.'ed 
rO\VS of \VindO\V , r O\V upon fO\V, 
until a projecting cornice mark the 
summit, and tl1e ob, e rver experience 
a sen.·e f relief \V hen hi. e)·e ha een 
the la. t of the bare \\·all, only 
broke n b)' the pening · for lighting 
tl1e interior. If he .·top t c unt 
the to ri e by ·electing a , ·ertical 
row of \vindo,,·s l1e " ·ill find 
sometime · that the fin ger. of both 

hand t,,·ice counted ,,·ill be in uffi­
cient t bring him to tl1e end, and 
that there a re ev ral m ore t rie to 
c 111 plete the . tun. It is afe to 

u ppo e tl1at each to ry· i " t\\·el ve feet, 
thi mean a t tal height o f 240ft. for 
a b u i 1 din g of t '\'en t y· tor i e and t \\' o 
ucl1 buildin g one on eacl1 ·ide of a 

street Soft. " ·ide make a cro · ... ection 
but little different in 1)r p rtion from 
a narrO\\'" hig l1\\'a)' in an rabian 
t o\vn bounded on eacl1 ide by l1ou e .. 
o f 111 derate cli1nen ion , the incon­
Yenience~ ho\\·e,·er a ri ing fro1n uch 
prop rtion a re ha1)pily not a · g reat 
in tl1e one ea e a . tl1e otl1er. 
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Th ug l1 tructure · of t\ve11ty torie 
a re not numerou e11oug l1 t o make a 
continu u line of building f tl1a t 
height many office building in the 
congested centre f ... A.merican citie 
are bet\veen fifteen and t\\ enty ·torie 
along treet \Yl1ere tl1e old ·t:yle of 
architecture ha g jyen place to the 
11e \v '" rk of tl1e civil engi11eer, "here 
real-e.' tate value · are l1ig h a11d the 
demand fo r ffice o r commercial 
room · i · ·ucl1 as t ~ upply t nant .. for 
the l1undred of room .. " ·hich the 
m odern office building contain . 

'fhe limitation \vhich prol1ibit the 
extcn ion of building of tl1i kind 
k)·,yard ma}' be divided into t\VO 

cla .. e tl1o e \vhich pertain to the 
fina11cial or c mmercial side, a11d 
tho. e \vhich have tl1eir orig in in t l1e 
con "tructi\Te or engineering que tion 
to '' l1icl1 large building g ive ri e \Vi th 
\vhich are a ociated the condition~ 

o f .. afety to life a nd li111 b \vitl1in and 
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" ·ithout tl1e build ing the danger of 
fire and faci litie "' of e .-- cape the refrom 
and other q ue tion , of a like cha­
racter \Vl1ich find expre . ion in most 
m un icipal build ing la \v ' a nd regula-

• 

t ton . 
ome of the la rg·e t of the e build­

ing ' in tl1e .American citie 11a\re been 
fa ilure from a fi nancial tandpoint, 
t he return on the enormo u capital 
in \·e ·ted not being ufficien tl y la rge 
t o ju ti fy the expenditure. The 
ex pen e of ma in ta ining build ing .. of 
t hi .. character are , ·ery la rge, and 
u nle d ivided up a mong t ma n}" 
tenant -- \ V ill p rove to be too he a YY to 
bea r. The i a onic T emple on S tate 

t reet, Chicago, for in tance, of 
t\\·en t)'- e\~en ' torie , i in it elf a 
mall- ized to\vn , provided \Vith a n 

elaborate e\vage y ·te rn, eleYator 
'). ' te rn , \Vater \\rork , electric lighting 

and po\ver p lant and heating appa­
ratu~, for the icy ,,·inter \Vind off 
L ake Michiga11 penetrate even the 
double \vindo"· of expo ed building.., , 
and a \''ery efficient heating y tern i 
needed to keep the room at a livi11g 
temperature, e peciall.Y tho e on the 
upper torie expo ed to the full 
.. ,,·eep of the 'vind . The fact 
tha t it is d ifficult fo r the O \\ ner -- in 
ome localitie t o find t enant for the 

room in the upper torie , and that 
the rent for the e room ha been 
lo,,·e red to a poin t of doubtful profit, 
ugge t that from a fin a ncial point 

of vie 'v the limit ha been reached. 
The tendency for bu ' ine 'S m e n to 
fl ock to one locality in A merican 
citie to facilita te intercommunication, 
a nd to conden e into a sm a ll a rea 
" ·hat in E uropean citie i spread out, 
added to the d i po ' ition of O\vner .. to 
make the real e ' ta te y ield a la rge a n 
income a po ible, is respon ible for 
the enormou · g ro\\·th of thi .. pecies 
of a rchitectura l e ngineering . The 
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a rg u1n en t that the lirnit has been 
reached in consequence of failure to 
le t upper rootn , is no t \vl1olly valid , 
for d oubtl e time \vill overcotne the 
di like of man)r for having their 
offi ce. on high and the pres ure for 
. pace \vill force the m into rookeries 
\vhich the.r H O\V reject as being too 
far out of the \vorld of commerce, 
a nd too fa r from the bu y haunts of 
men. The tructure of more 
modera te height, a uch go from 
ten to fifteen torie. a re gene ra lly 
\V ell filled and , if in a favourable 
localit) 7

, a re good paying investment. 
The)' \ V ere 11ot o a t fir t , but nece. -
ity l1as overcome prejudice to a g reat 

ex tent, and d oubtles · \\7 ill have the 
a me e ffect on buildings of g reater 

height. It i not, therefore, possible 
to a sig n a limit t o the he ight on .'uch 
g round a , the e, for it i po .. ible \vitl1 
pre ent Yalues to rent rooms at a fair 
p rice and for the lando,vner a nd 
cap ita li ts to make encourag ing re­
turns on their inve tment . L eaving 
out of the q ue tion such objection · a 
the above, and as uming that roc m , 
can be rented up to the top fl oor a t a 
price ,,·hicl1 \ V ill not dri·ve men o ut 
into the uburb of the citie , \vhere 
la nd i.' cheape r and rent~ a re le , le t 
u ee \vhat othe r con ideration a re 
le ft in the enquiry . It mig ht be sug ­
ge ted that public feeling again t the 
architectural de truction of tl1e bu i­
nes d i trict of the cit}' \vould be a 
' a fegua rd against tl1e erection of 
building. \vhi ch can onl)' be compared 
to 1nill , and factories in thi re 'pect, 
but 'Uch 'entiment if they exi ted, 
\vould have made them ... elve felt 
before tl1rough municipal regulations 
p rohibiting tl1e erection of "' uch m on-
tro -- i tie , and the fact tl1a t tl1ey a re 

still encouraged 110\ V the prepon­
dera ting influence of utilita ria n cla im 
over m ere que. tion of ta te. It is a 
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difficult if not \vholly im 1)0 sible thing 
to render high building pleasing to 
the eye and pos e sing architectural 
beauty. When compared to the a rea 
on \vhich they tand they a · ·ume 
shaft like proportion ,, and the prin­
ciples on \vhich they are con tructed 
do not permit the employment of any 
order of architecture, and out\vard 
adornment or embelli ·hment seem 
to relieve but little the harsh outlines 
of their loft}? sides, and in mo t cases 
no attempts of this kind .are made. 
The portals are ofte11 handsome and 
some of the interiors exquisite. · Tl1e 
richest \Vork of the decorator may be 
seen in many, and the materials of the 
fin est marble and most costly metal 
\vork, a striking contrast to the 
ex terior. 

It has been said that for structural 
reasons it \vill be inexpedient to build 
much higher than some exi ting 
examples, but vvhile the difficultie of 
design and construction are increased 
\vith every additional foot in height, 
there is y·et ample room for increase 
without e11dangering the safety of the 
structure or overstepping the bounds 
of good engineering, but the limit of 
economy \vould be reached long 
before any such technical considera­
tions vvould vveigh heavily , the limita­
tions are therefore imposed by a 
combination of constructional and 
financial considerations leading to the 
most economical result. A structure 
like the Eiffel to\ver \vould be very 
\vasteful if provided \Vith offi ces from 
top to bottom, and :ret from a purely 
engineering point of vie\v \vould be 
pronou11ced a ucce , for it is perfectly 
stable and capable of resisting the 
highest \vind. 

We have not )'et, even in the 
highe t buildings, ap1Jroached the 
limit of compressive tre \vhicl1 
diYides absolute safety frotn un-

Engineering Times. 

certainty. The steel columns on 
''?hich the g reat ystem rests are 
strained to a mall fraction of their 
ultimate strength , and such care pro­
vides a \vide margin for contingencies 
which arL e during the life of an}r 
structure. The highest \vind acting 
on the enormou · broad ide is provided 
for in the design and eccentric 
loading or the loading of one side of 
a column to the exclusion of the 
other, i met by increa ed section of 
metal to corn pen sate for the severe 
strain to \vhich eng ineers are a\.vare 
that sucl1 member uffer under con­
dition of thi kind. 

The cheapest brick \vould resi t 
crushing under a uniform column of 
eight hundred feet high of the same 
materia l, and inferior g ranite \vould 
sustain a column of four thousand 
feet \vithout g iving \vay. When \ve 
come to steel, we find that a column 
of uniform diameter three miles high 
\vould resi t crushing if made of the 
poorest product of the open hearth 
furnace \vhen the effect of bending is 
neglected, o that, though the columns 
and \valls of a building transmit the 
floor loads, . in addition to their O\vn 
\veight, to the fou11dation~, \Ve need 
have no apprehension concerning the 
tnaterial \vhich the builder of to-day 
has at his dispo al. Structural steel, 
never so cheap as a t the r)resent time, 
forms the ba is of these la rge struc­
tures, and to the g reat skeleton of this 
material i attached the external 
coating of terra-cotta, brick, or stone, 
\vhich hide the real and e sential part 
of the structu re, and g ive it the 
appearance of being \vholly the \vork 
of the ma on or brickla)rer. 

The foundation for such buildings 
require more than a pa. ing notice, 
for sometimes tl1e inability to obtain 
adequate bearing po,ver from the soil 
of the locality ha had an influence in 
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haping the size of the tructure, and 
the engineer has to give thi part of 
hi ~ \vork much careful con ideration, 
and often take great chances be ides. 
'fhe bearing pov1er of the soil is a 
matter of much uncertainty, and can 
on ly~ be determined approximately by 
the exerci e of judgment. In otne 
place it has been found nece ary to 
drive thirty foot piles t\vo deep, 
making a depth of 6o feet from the 
bottom of the lo\ve, t pile to the 
grillage of steel 1·ails laid i11 concrete 
\vhich surmounts the piling, and on 
\vhich the column rest. The skill of 
the engineer lies in so di po ing the 
loads on the foundation that equal 
settlement shall take place over the 
'"hole structure, for to avoid ettle­
ment altogether is an impos ibility. 
The very serious nature of unequal 
settlement can be appreciated when 
the height of the building is con­
sidered, a fact which renders it 
imperative that special care shall 
be taken with the foundations. 
Such difficulties as these have 
been uccessfully overcome, and there 
i evidence from experience to su tain 
the belief that no special difficulties 
of this kind would threaten the 
engineer if he were to carry hi. build­
ings further up,vards, and that these 
troubles, which he has o succe sfully 
defeated vvould, though augmented, 
yield to the exercise of hi kill. 
Other considerations of an economic 
kind would thrust themselves into 
prominence before \Ye \vould be 
. eriously affected by structural diffi­
culties such as these, but let us see 
what they are. 

The problem of tran portation of 
people to and from the ground floor 
to their office throughout the building 
confront the designer at the outset of 
hi work, and is one of l) ressing itn­
portance. A building of t\\'enty 
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tories \Vith fifty offices on each floor 
(and ·ome of the high structures 
exceed thi moderate number) will 
contain not le s than one thou and 
persons, and for \vhich means must 
be provided for carrying them up 
and dov\·n bet,veen the street and 
the floor on \vhich they do their 
bu ·ine . In addition to the tenants 
there i a con tant tream of busy, 
hurrying men and V\'Omen entering 
and leaving the building, all of \vhom 
have to be carried aloft also, for ome 
of these buildings contain offices and 
show rooms continual ly visited by 
customers. It is rare that any one of 
these makes use of the staircase time 
i toopreciou ",and climbing up to great 
height too fati guing even for the 
young and strong. All take their 
place in one of the great elevators, 
and in a short time are landed at the 
desired floor by the silent car, vvhich 
moves at a pace too fast to al lo\v the 
man vvho for the first time is experi­
encing the sen ation to be entirely at 
his ea e. Thus the system of elevators 
is a very important part of high­
buildin g econorny, and it would be 
impossible to find tenants for roorns 
without an adequate means being 
provided for reaching them from the 
grou11d. To facilitate traffic and 
make the journey a expeditious as 
po sible, variou devices, not unlike 
rail\vay regulation , are re orted to. 
Certain cars out of the \vhole number 
\vhich comprise the elevator y tern 
are expre , to tl1e tenth floor, and 
stop at all floors above the tenth ; 
other are pecially set apart to 
deposit and take up pa enger 
bet\veen any floors from tl1e g round 
up to the tentl1 · extra accomrnoda­
tion i fJrovided during the hour of 
the day \V hen the traffic i heavie ·t , 
as in the morning and evening and at 
lunch-time, by operating more eleva-



t ors to as "' i ' t in disposing of the 
the c ro,vd of people \Vl1 pu. l1 a t1d 
cratnbl e [! r room \vhen the a ttendant 

open. the d oor to dep s it and receive 
l)as.'enger . 

The area covered by the e levato r. 
11eces.'ary for a n adequate sy tetn in 
the .'k)' -.'craper a ar~ ·een in Chicago 
i b)' no mean a mall pr porti on 
of the entire g round pla n, and the 
higher the building on a g iven a rea 
the g reate r i the number of e le ,·a tor 
n ece . ary, for the y. t e tn i. unlike a 
ra i 1 'v a }1 in this re pec t that in c rea e cl 
traffi c on the la tter can be tne t b)~ tl1e 
imple expedient of running more 

tra in , \Vhile \\'ith an elevator system 
increa ed capacit)· mean additiona l 
'h aft .' for the peed of the car cannot 
be ma teri a lly increa ed beyond "hat 
i nO\\' con. idered afe, and even if it 
,,·ere the time expended in topping, 
ta rting, loading·, a nd di charg ing is 

• 
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the g rea t Jr par t o f the t ime c n."' umed 
on the j urne)·. g·lance at the 
g round plan f one of the la rge 
buildings \vill convince one that this 
i . a real d iffic ul t }y tO\Yard extension, 
o r, as s me tnig ht ay, a ble , ing in 
d isgui ·e for the high value of the 
l) ropert)T n ,,·hich . uch buildings a re 
e rected " ·ill prevent the utili. a ti on of 
g round ·pace for e levator \\'hich 
'" uld be a ,·a ilable for room if the 
nece:.' i ty ~ r tl1e e levator ,,·ere 
ab.,ent, and the co.-- t of operating an 
elabora te ) '· te tn f machinery '" uld 
be saved. T o recapitulate, it '' ould 
'eern that tl1i . 1 ro ble tn of tra n porta-
tion i the one a bove a ll o tl1er. t o be 
tud iecl b)' the eng ineer \vh o \\'i.·he 

to build lo fti e r ' tructures than tho. e 
\vhich l1old the ir tl1ou:and of bu:y 
\\'Orkers in the g reat cities o f the 
U nited .S ta tes, and '"hicl1 h ave no 
pa ra ll e l in the older citie · of .E~urope . 
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