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RT OF &E C F INQUIRY, 

TNERY, 0 

43ir-088 &*ndmg the Fall of a Postlom of the Tay Bridge 
on the 28th Dewmber 187% 



t i c ix rbf .~ th~dent ,  arid of the OB- thereof, and of the cimumsbncee attending the .- .',. . 
&@,&&exp&6nt, the Board of Trade may, by order, direct mch investigetion to be 

- .  & - - - , . m, tAs-t@he esme Act M e r  provided that the Boardof-Trsde-may 
&&,;&$&rl.any mbquent  order.~dir&t the County Court Judge., Stipendiary 
.Magi~~~i&~tropol i t9n  Polioe Msgi.trate, or other perclon or peraom neined in the 
.-e '&iiy:&bsequeut order to hold the. &B : 

Now TEE~UWBE the Boerd of Trade, in pmumoe of the powere conferred upon 
themby the eaid reoited Act, do hereby direot a formal investigation to be held into 
-the . & A ~ d f ,  . ~a and cin?nmstwmes attmding, an amidant which took place on the 
Riiilwsyi~jidge rroseing .the Firth of Tay on the.North Britieh Rsilwsy.on the twenty- 
eigl&:&tsntj.i~+nd do further, in pnrwan~e.of the +were conferred by the..aaid recited 
.&&,. hereb~.: 'qpint and direct Henry Cadogan ftothery, Eequire. Wreck Commis- 
&ner*;:;&lo&l Willinm Y o h d ,  Chief Inspector of Railways; and William 
&if ~&l~w; '~aqnire ,  President of the h t i t u t e  of Civil Engineem, to hold the said 
.:fomi~al r~kyeatigstion. 

- ,  
(Signed) T. H. F-R, 

.D@. 
.~ . 

(LE.) l3mhry to the Board of T1;8ae. 



TOzTB-  HOI?OIPB$BEdB TRE PRE8IDEMl' OF THE BOARD OF 
TRADE. 

, S  . , London, 30th June 1880. 
i -BqJ your or& d the. Slat December lut barn &rested to hold a formal 
- ~y&&tio~I  . er the proviaim of t he  Regulation of Railways Act, - 1871," " into 
. ~ the. .,&&i zof.Bnd ;the o i r c ~ q t e n m s ~  +riding an .emid& which 'took. . p h  .on 
~.'-,.~he;'~&2~~$b~ae;e.0K)esing the Firth ;of. Tay,, on the No ritiak.R&lway on the ;' -heeii:q-eighth;,, of that month, we &.once proceed lP%-m% t o D h  ee o e purpose 
of m ~ ~ ~ : . a ' p & o n a l  i n ~ ~ & o n  of &e bridge and of examining any witnesses 
.who ;wofl?:,give evidence as to the cireumatanw attending the accident whilst the 
fd-,&re:.etill -.fresh in their memories. The inquiry was opened on Saturday, the 

W* continued on Monday and Tuesda , the 5th and 6th of Januarg, Mr. 
.Trapr:pipeafingfor the Solicitor of the Bo of M e  and Mr. Balfour for the 
Hki.th B%tl&-Wwny Company. Having by that time examined- a! the witnesses 
whom the p@ies- were then prepared to .produce before us, af.well aa having made .G~-*6~ ~; n of the bridge, we adjourned the further h&g of the csse in order 
-to.&i+:tke to.pro6ure such information ae to the details of its constniction, and as 
..,to its.preaentd& and condition, as seemed to be n e w m y  for the purpose ' of our 
-ix@iry. With this view we qqminted Mr. Heny Law, a member of the Institute 
.f ~i&&ra,  ~. with directions to make a minute and careful examinetionof the 
'. biidge ,&report to us fully thereon, ss well as on the probable. cause of the 
.&id&t,..:&a to '&ct specimens of the cast and wrought iron, also portions- of .~+&? . ~ . . 
e. oross~ b&5ng 8ad ,its faetenings, end of the connecting bolta of the + l v s .  

:.&.,.h be,sub'soted to test at Mr. KirWdy's establiehment at  Southwark. We also 
cdled:upon,: d e railway oom ny to furniah us with the particulare of the weight, T st&m&lt,;Fd, dimemions of t e various parts of the structure. Photographs of the 
p i e q , : o f ; p ~ ? i ~ ~  of the fallen girders and permanent way, and of the remains of the 
.-?n- 'ne txid &ages were ordered to be prepared and laid before W. 

%&t.,~&&~ for Mr. Law's report, and for the answera of the Sslhag Compgy 
:toz&& qn@ti+ addressed to them, we were told that there were a number of witnesses 
a~,or~nearDundee who could give import& information as t~ the condition of the 
..bridge .before the eoaident. We accordingly again went to Dundee, and between 
:TE&ltsy, tbe 26th of F e b y ,  and Wednesday, the 3rd of March h t ,  a number 
,of yiheaw:,were, examined, mmly with reference to alleged defects of workmanshi 
and inferior; qnality bf materids used in the bridge, and also as to the speed at whic 
.the traMj.&wed it. 

k' 
. ..&t'-l&i-- ;-:.W. Law's report, dsted the 9th of April, W well as .. the ;answers ...~,. 

;@m.7&6%~y - Cinnpmy, having &V& and the cus - a p ~ ~ ~ _ l a : ~ b i  *.L=. :;tt;;ja.~::m2 :for F he-, inm at West~&~;of i ; -g&&$+f:  
il . ~ .-..- . . ~. . 
~~&6ir19th3E&-d.pd, ~..- .. . ~ . ~  and b&een that dsy .and Saturday the 8th May, - %h&'.' .* s.,-lt;.wai3.; ~ - . .. . 

:b&u&Jift;to~s~i,lqee,. a large number of ~witsesses were examined. - On this 'oc@@od:.%+: 
-Thnriug~, a q,, BOU& :!,. '. -the . &@per, and We$ap. Hopkins, Gtilkes, & Co., the con~actors, 

ee mte wunee?; Mr. Bidder representing the former, and M w m .  :G,. ~.,;! .,:. :;;..~ j& 
L etist+%:,and-. , . rp~y . *e let% l&. 'Trayner and Mr. Balfow appearing, aa before, 
:fpr;.the. Sohitbr of . the B a d  .of w e  and the Railway Gompmy respectively. 

bniiqht in from YI. Kirkaldy, &owing<,the tbsb of the tsste. . . . m . t b e ~ ~ o n  whiuh ha~,been l ~ d  More usi t  would seem h t . a  opmpmy 
-..?b'&=?yw G j@i a $&gB, 'aria m A& tjbt&ed .for the' p ose, a 
.g6&tii&;~$ ., .. : . , -a . ~y:im, . ...., 9 ,gqFn+ , ,  . intqtq$&.,~a-. , ,  ?e ~ e ~ g p e ?  CO. 

.W& :. ,. 

fl -. .-. , , e ~ @ w ; , ; , & . : ; ~  .,g&,&$ ;&g S' @.&$ tg*:-.l*grpar4ner , , . , . . . , ~'.,, -.. . , 7::. ...,2~<., -.., . . , ! .  td to b . 8 8 B ,  it,beoeme 
-.* .i-. .--. -- h 5; ~ ~, 

- -5- -: ; ~ - < ~ ,  -~ 1 ~ - 
- amtawt toother% Thie-wsa aooordingly (tone, and on the-. ..-F. .:c: 
. . . . . . ,, .- . . 

. . . . 
6- . : . ; ". 
"'..,.>.' -- - . . ., . ..-~::. 

. .  . . . ' I  : '.. . I  . . 



, .. ~ . .  I. !&&.bridge, as-orjginslly designed, and as referred to in the ecithti&s, hd 
LhBIUF -. . p i e  .*i brichork and spans of ZOO feet of clem niter .posin p a f i o ~ ,  cf it 

: -which fobs the subject of this Inquiry ; but in consequence of dBculties with the < -foun%$&ms, Sir T. Bouch altered the spans to 245 feet, excepting two, which were 
- -maCt+227;.feet ; and he also altered the iers from bri&vork to .ironwork above. high- 

.- .&r~16vel, ~~ in-order to lessen the weig E t on the found~tions, and to obtain.de .beet 
: . &t&i;ii$on of-weight and material which the cimumstances permitted. It shod@-be 
. .  ~ dd6d:that-the proposal to alter the piers from brick to iron was made before ;W 

cmtract:waa entered into with Mesers. Hopkins, G i b ,  & Co., but the final d & @ f  
' - :wew:not settled until afterwards ; and-therc! is a letter from Mr. Gilkes to SirThomai3 :. 

30ucL;: dated the .9th of June 187iTin which he apeaka of the gmpaaad, ''~enlrbrm -, 
" ,:men6 of the spans and certain &&hions of the piem," whioh e states had, 

, '('long jand.careful consideration," been- at length decided on. From this tiine the-work 
pm ressed with great rapidit , a 1arge:number.of men being constantly employed both on - .  . ., -$he ridge itself and at the  4 omit  foundry ; an4 dthough some delay occurre+ f romth"~ 
fall-during a heavy gale of wind, of $WO of the large iron girders whilst they .we~.:- 

'- .be&g:;~$ed..into their positions, together with the piera on which i t  was:pmposed ti? 
pl'&e:themi- the bridge waa complete& if not within, at  all events very soon sfter,.the 

' sti$$<@d- $me. 
. . 
, . ?Sbii'dge was 3,465 ysrds in length. Tie  superstructure wse- of'-wimugh.~irOn' .' 
latti'ce@iiders, ex&@ one span on the northern portion, which was crosseiby.-bow- 

-8.@igg jgird6rs. 
?$Lc~ lattice girder was complete. in- itself, but they were conrieoted together 

to form:continuous girders extendbg.o.ver groups of four, five, and:* spans. 
The spans of the bridge varied from 245 feet-to 29 feet. The piers were 85 in 

number, of which the first 14 were of brick, the remainder beingformed -above 
high-water-level of tiers of cast-iron colurnna bolted together v e r t i d y  by bolts and. 
nuts, and connected together latterally by means of cross bmcing snd struts 'of 
: wrought jron. The number of oolumns in position on each pier varied from thnk to 
six.. .~ .. ,Thorn under the largest spans were formed of six columns, bolted to base 
plq,-.which were bedded in stone: The lower portions of- t h e  piers aonskkd of 
-@n@ete;, brickwork, and masonry, their wmtruction being momppshed.by meene of 

1 ironjc+isaons which were left in forming part of :the permanent work: . . . ~ 

. ~ .-. 

---I - ~b;nii&%ii&g ., .>::: , from. an abutment on the south shore, the bridge cumed for the .first 
. -three$e@a;:-tii the.-left ,until ic 6aihe:at ..:- . ~ rigKt 'mglea to the course of the .&er, which 
iFQr&niiib!iiwly due eaet and-weat j-,it:.wm'. then straight to pier 53, when&it cumd  
.Bharpl$;.off to the right with a radiuGof 20 to 22 chains, until it &ally reached:h&. 
north::sho.re; For the first t . h W  leaving- the south shore, the rosel&j -.-- 

$feu . . . .  alig@ly.; i h m  piem 3 to 6it: >.. - &a ....X -level . ; it then me on-a gradiemt of 1 in 3 W  
runhli:it-~~rescih&l ,- 3r.z. a-- ~,s~%: <S& ..-zF5:L .L :pier- 'No.' 29.-; fro~iii$%&to,.30 &e-gradi&t'-m-.l. toPO ; it m 

-; - .- . , - 
:e~el~f~E:slx+spansand ;a t - .~ i er~$6:~$~~@:~~: f&,~the  g'radig'radi@it;@o~~i 365& -3 IJ&Q * f 3 @  . :. : 5 . _ :~ . /  .: 
'2 - v." . ..,! -w.bph the f&- +&;i$<;i.C. -.- i,liii~ia ?4: ,~t i l - : i t  ,. _ _  . . &hed.:.'&& no&-&i)~. Tfie 

',* ~. .:- 
=- . ? ~ $ ~ < ~ ~ ~ k < ~ p ; o f i t ~ e > t j ' ~ ; d g e , ,  ..-, .... S .:.%x.~ 88 f&~88gjbVel,,hBh:*ebr msrk, ,&k=ded from Pier m. h 
;$ie$36&Iie&"ce, it fell. &&ly to thG south, but mpidly tomrdi the north, t b  4&d 

. . 'on'th&outh shore being much higher than on the north shore. 
- ;I 

Atpiers 28 chnd 41 the girders were miyd so that the lower boome wewe k::ieGi 
with tb-upper booms of tbe girder south of 28 and north of pier41;%w$$gO), 
W@ to'give ad*tional headway to aaeing vez&s, it' being h e  
.&&"g&bkpyl;of the [river. &e &adfljBY fmm tM M& IWtb @br%$cgd. ,, 

egain:.ffom. 4 to the north shore. wtl; o&ii,a on tb. h ~ ~ ~ ~ ~ ' ' ~ ~ ' & ~ i g  
J ,+, .,> ab&e'anii .,. ... ;on the 9 6f % &&yg, .*if&, behem. p- 28 ya ' 4pit m'de;iTia;:&. ;,?: 

ithe .low!er.$6&mir;- &ide the gir&+ :.It this rtior4-wyw . . 
j&&~~&jj&~ i tk t h e e r e  to of tbeb&ehi*ghmdst,, 

T '  
, i: . 1 i . ,  ;~~~.&l&l ' i ; ; r&r~.  I _ _ .  . ~. , . .-,.p,- ii..,.. ..: 

, . . , ,. . . . .  ~. , . >  :, , . 



. . , -  - - . . . .. , , - 6; this 
.,.. psrt of the bridge were 27 feet high, y+d 14 feet 10 irtlJhes 
-&#@ &m -&ntra to mb. The two u~pbr booms were b r d  together at i n w &  
:-by wqghtiiron s@ts and di@ a; but the Iower booms, which carried the 
' rmm6rit .wtby,:-mm oonneoted .by t q n m ~ 6 i ~  mught-imn girders, p- about :Ffeeti$&&e apart,- r i veW to the upper side of the bottom booms. On the 
:*J&e,,e..the:.lgir&m ap bp hme been oarefnlly proportioned @ the straine which 
. t&qhd ioz:h&; x t h e r e  ia no I U W : ~ D . E U ~ ~  that the wdty was in my 
w q . d " . @ . . g .  the girdem, it i not m s e r y  to deacribe them more fully. 

h s q m i g g ; @ e - p ~ ~ e . n t  way on the fallen-p& of the bridge to be eimilar to &at on 
%&m%$ft:&d?ing, i t  waa etrongly aonetiucted and properly &&-joint8d,and had 
:&~g~:gpcrrd;~~~~al~o.fish~j~intea,. and was.kept in very good order. 
"i . .- ._;_ _ ,. ~ . ,  
: .. --~~:@li+pl@-plzy&i& supported the hi h girders were of peculiar ~nstruobion, the 
@tn*;& ofx&i&i#-fidly described in &r.' Law's report ; uld u they were evidently . . .. 

.+$I&-&portiop~bf -the structure that yielded from some mum, i t  becomes neoeseasy 
.to:rder.~t,wth'~Cmore in detail. The  foundation^ were formed by oonstructing wrought .&'i -.:i . a .. 

aimon&3E%wt . ~ ~.~ .. . in diameter, which, having been lined with 18..&hes-of brick- 
-.work,; w ~ - ~ . K o ~ t e d  .out and sunk in their proper plaoee. Thir, was an extremd 
-:diffii&It . p a t i o n ,  but appears in every instance to have been suocessfuUy perfbrm 
- .  

J' 
--Ay;ftr ainking..the caiesons as low ae was deemed necessary, the centre wae beed up 
with bo~mte,;&d .upon this wss built an hexagonal-shaped pier, measuring 27 feet 
6 indux-long, end 1.5 feet 6 inches brod. The lower part of this pier was made of 
oonc&. fd wit.h brick, and was surmounted by four courses of stone backed by 
oonorete. On this pier was placed, at the angles of the hexagon, six caat-iron baae 

ieoea, 2 feet. .in height, and aeonred to the pier b holding-down bolts, 13 inches in L . . - : S  . . ~ ,  - .  
u i & m u g h  two mumm of;@+, eaci 115inch~-iothickp~~;:-.  (~ .- ~ , - -  :..?g% <:?!: ::.&:: ~~ :.L.~ - , . 

~&@~ng.;.eae..~~~base pieces were ca9t.iron col-E.;. .pi&$:&8.!i~iid-, k14:: lstealstea.' rbf .~!~f'-' 

,. sur tiem of oblumns and those from 29 tom: imlu~ive c~naistedrif 'G+& 
tiers. 

T h e ~ . d W ~ ~ ~ e r e  -mat with h g e a  which were faatened to  &other and to t$e . 
bac;e:-pi~'b~le~ht-zcOnnecting bolts 18 inches-in diameter. They had &o sn- -.inner 
ro'&&g$m A ~ or-spigot about 2 of an inch deep, fitting into a comqon&q 

m- e.djainiOg:-wlimn. 
v?@ columns-after they were d were filled with Portland cement conare6 

to other lugs +ly -oast 
did not abut against the aides of the 

. .. - . of the bridge. , . ;r.. ..$,~ 
I C.,. I - -. A 

. *.,; : : 



At the top. of the piera, each group of three column6 was surmounted by a strong 
wrought-iron box girder L-shaped in plan ; and above each of these L-shaped-girders 
was a wroughtiron cellular table, running north and south in the direction of the 
bridge, %nd -placed immediately under the longitudinal main girders which formed the 
sici&-.6f&e bridge. Upon the upper side of the cellular table ws9 bolted a strong 
cast-iron- phte, a similar plate being bolted to the under side of the longitudinal main. 
$ d e r  of t.he bridge, and bet,ween these two plates were p l w d  caseiron rollere, each 
2 feet long o.nd 5 inches in diameter, with flange8 of three-quarters of an inch deep, 
except a t  the piers, where there, were fixed bearings, at which piers the longitudinal 
main girder was attached direct.ly to the cellular table b-f  bolt^ and nuts. 

The two-n~tlin girdcra, between which the permanent way was carried, were supported 
11pou the L-shaped box girders in such R. positiou that about one half of the weight of- 
each main girder was borue by t,hc outer columu (18 inches in diameter) of each group 
of 'three columns, and the other half rested on the two inner columns (15 inches in 
diameter). The t-WO L-shaped box girders were not connected together, and did not 
form one ent.ire girder ncross the top of the piers; but the columns were connected 
topether~nt the top of the piers by the struts of the crous bracing. 
.%he strength given t,o the columns as designed was sufficient for the duty they 

had' to.-prform in bearing vertical weights erenly distributed. 

2: ~ ~ n @ ~ ~ ~ ~ o ! ~ -  11. In regard tu imperfection of workmanship and fitting, it appears, that as th* 
C i  - . of<-eorEman- - 
:i &ip$nd substitution of iron for brick piers in this part of the work was made after the contract 
!i. .-..fitting. - ww let, there we uo clauses in the specification describing the cless of workmanship 

to be einplo,~ecl i n  them. 
TLe stipnl~tion in the general specification, which requires all the holes in the h g e s  

of .,the eoliiimns to bo drilled, was not carried ont in this part of the work as regards 
the.hotei;i~l the flanges of thc 18-inch columns. The holes in the lugs on the columns 
ieero all. 'cast and left conical, instead of being drilled, thus causing the pins to have 

.nnequalijei~ringn. Some. of thc sling plates which were made or altered at the works . .~ 
were rough1.t formed. 

11.npeiieotion of workmanship was also fonnd in the bolt holes of the ~trut9, and b. 
the sir& tiia uot abut sgain& the columns, as in our opinion they ought to have 
done, -their .actin.: in these cases depended on the friction or resistance Go movement 
made. 117 :Jolting the channel irom tightly together, and bearing hard against the 
Irqs. 

The  columus ;&er the mcidel~t were found in some instances to be of unequal 
thicknessi and to ham other defects of casting, and i t  was probably due to the 
sluggisl~ cliaracter of the metal and the manner m which the columns were cast, that 
<he castinga of t,he lugs did not always turn out sound, as out of 14 tie bars attached 
to lug*. . :&tea . in London, four showed unsoundness to a greater or less extent at the 

. . 
,>lUfS; 1 , 

- ..- : t ~e;stakd. in evidence that, in some cases where lugs had turned out imperfect in 
cat$ing,~o$e~-lu~s or portious of lugswere added by a process termed "burning on." 
Thii is admitted to huve been done ; but i t  is denied that any columns -sotreSt&diwere 

-u$ed- iu %+e~-permanent structure, and, although a large number of broken - lugs . a m  
v i s i k i n  the mius of tkc fallen bridge,-none were found during Mr. Law's examina. 
tion, nor-have been otherwise brought to our notice, which appear to have been 
subjeced to this most objectionable and dangerous process. 

was inspected by General Hutchinson on the 25th, 26th, and 27th' 
acxhieh-time it was nll finished and painted. During this inspection 

bridge to various testa, and among others he caused six locomotives 
each weighing 73 tons, to pass over the bridge at a speed of.40 

miles .per how. The behawour of the bridge under these ,testa a p e w  to have. been 
saki-$factory, there having been only a mbderate deflection in the gi ers, a mal l  degree: 
of tremor, -aild no indication of loosenem in the cross bracing. 

rg 
On t h e  5th of March he reported that he saw "no reason why the Board of M e  .- 

sl~ould object" to the bridge being used for p a w n  er t d c ;  but that i t  would 
not be de&ble that trains should run over the bri&e a t  a high rate a( speed,'? : 

and suggested .'l 25 miles an hour as a limit, which should not be excseded," adding 
that '.very .careful attention will be -required to ssoertain from time to time that 
no scouring action is taking place in the foundations," and that he should wish, 
if possible; to have an opportui~ity of "observing the effects of a high wind when a 
@&I of carriages is running over the bridge;" Some delay ooourred in opening the 



. . 

. ~64d&6-:"0'6i&td. the approaches on either side not being completed, but on the first ..' 

... d&f:tjf June P878 it was open for passenger traffic, and from that, time trains cantinued 
to rgn regularly across it until the evening of the 28th of December last, m h e ~ ~  
the disaster which we are now about to describe occurred. 

. . X  ~,; 
IV. The -train previous to that which fell with the bridge left Tayport about C i r ~ m -  .. . ; ... 5;50 -p;& and- pasaed over the bridge about 6.5 p.m. The engine-driver did not ~~~~~R : ,. -: 

r,k&cgtq+ifig -..~.-:-- . u n u d  in the travelling of tbis train, but the guard, Shand, and two ,,~i,fent 
,::iiimG,h:~ho %ere with him, saw sparks of fire coming from the wheels of the caniages. 
l;:-~hand put on his brmk and showed his red light,, but i t  was not seen by the driver ; 

h e d s o  eiamined-his train a t  the Dundee Station, but findiug nothing wrong made no . 

report. 
. Th& pain .from Edinburgh which fell with the bridge arrived in due course tat 
St. Fort&&on, . p d  there the tickets of the psasen ers for Dundee were as usual % collected. We were told by the ticket collectors that, t ere were a t  that time in the 
t r a i n 5 7  pwsengera for Dundee, five or six for Broughty Ferry, five for Newport, 
-.t&.@e+onit:cketthbfders, the engine driver, stoker, and guard of the train. and two 

.+-&'E 
~&ier:g&&.@&ing .,: .~.  74 or 75 persons altogether. The ticketa having been collected, 
Zthe'tfain--$roceeded oil its course, leaving St. Fort Station at  7.8 p.m., and on 
:approaching . ~. the cabin which stands a t  the southern end of thc bridge, the speed was 
.&ckened.& about threc or four miles an hour to enable the engine driver to take thc S<$&&- ,train stdff, mithout which he is not allowed to cross the bridge. On 
'r$ceivicg- the-biiton, s t e m  was again turned on, and the train passed ou to the bridge, 
.,d$~~~vvhi'~btL6~~i~naImnn, Thomas Barclay, ~igualled to the north cabin signalman, 
tlie -time according to the eutry in his book, being exactly 13 miuutes after 7 o'clock. 
'It wai then blowing a strong gale from about U.S.W., and therefore almost directly 
wross the bridge; there was a full moon, bnt it  was cltdte dark, owing to the face of 
tiie moon being obscured by clouds. It seems that a surface man in thc employment 
$-the North British Railway Company, uamed John Watt, had gone to keep Barclay .. , =.: ,cpmi~nY; and-~ -was in the cabin when the train passed : and whilst Barclay was 
%tt&nding., to his duties, entering the time in hia book and making up the stoic fire, 
:Fatt.wa& . . ~ .  matchiug &he t,rain through the window in the cabin door, n.hich looks north 

-along~the-line. .According to Watt, when the train had got about 200 yards from 
-the'~&bin, he observed sparks flying from the wheels ; and after they had continued I -about three minutes, there was a suddcn bright flaah of light, and in an instant 
.th&e was totial darkness, the tail lamps of the tra,in, the sparks, and flash of light, all, 
he s&d disappeaxing at the aame instant. 
,. - B e  portion of the bridge whioh fell consisted of three sets of eontinuoua girders, 

.dovering resp&tively five spans, four spans, and four spans, making thirteen spans 
dtbgether. . . 
. ~$hese~continuous girders rested on rollers on all their piers except one near the 

&it+e..ofx+h .iT .ij .__.C &, and to these central piers they were fixed. I n  the accident which 
:t:aok$pk~,.the F; ..-. . - ~. . girders turned over and fell on their sides, each girder becoming slightly 
cur+d, the;centre portion beiug furthest from the piers, and the ends curving torvardn 
tgei 'iers,-some irregularity s l ~ o w i ~ ~ g  itself iu the curve clt the first fitllen pier from the 1 .  1P, 
sou end. 

in the fourth and partly in  the fifth spans from the 
it had travelled some distance along the first set of 

its northern extremitj. The engine and tender 
eastern girders. The train consisted (counting 

one first class, tvo third class, one second class, 
class carriage and the guard's van had their 

entirely destroyed ; their lower frames were 
vehicles as well as t.hose of all the other. 

was no appeamoe 
theae fact6 is th*t 

had any warning of theaccident which took plaoe. 

IJ 
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otllcr e~lgi~(e"~a, vir., Sir J. Hawkshaw; Bidder, Mr. T. Harrisou, and Mr. Barlow. .' 
were cbnsulted; and it was remitted to Mr: Barlow and Dr. Pole to carry out the 
detailed investigation of the design. It further appears that thew gentlemen,  not^ . . 
being sati,@ed 16th their own judgment upon the question of wind pressure, consulted 
the '~st&~S~iit.r. Royal, who put his opinion inlo writing in a letter from which the 

.. -fillo~vili~-~:-~.i~~~n~i extract :-"WC know that upon very limited surfaoes, and for very 
-. limikd. ,ti&es, the pressure of the wind does amount sometimes to 401bs. per 

.' fi<nare f&t, or, in Scotlaud, probably to more. So far as 1 am aware, our positive 
" k~iowled~r.  as derived from instr~unental record, goes 110 further; but in studying 
'& the registers it is impossible not to see that these high pressures are momentary, 
" ,md i t  seems most probable that they arise from some irregular whirling5 of the air 
" which extend to no great difitancr, I should say certainly to no distance comparable 
" to the dimensions of t.he proposed bridge; and I think that the fairest estimate of: 
" the pressure on the eutire bridge would be formed by taking the mean of the 
.'- recorded pressures a t  one point of space for a moderate extent of time ae repre- 
" senting the mean pressures on a moderate extent of space a t  one instant of time. 
" Aaopting this consideratiou. I think me may say that the greatest wind pressure to 
'- which n plain surface like t.lm of thc bridge mill be subjected in ita mholo extant 
". is. l0 lbt+ er square foot." 

~ u r n i s h R  with this opiuiou, Messrs. Barlon and Pole report:-<. We entirely 
" concnr in-t.liis opiuion. which r e  consider highly authoritative and valuable, and we 

mar therefore safely adopt 10 lbs. per square foot as the side pressure due to the- 
" wind for. nd~ich Mr. Boucli hns to provide. We may now describe the means 
'- wvhicli Mr. Bouch has ndopted to provide against this side pressure :-The side 
" surface.of'each span rxpoded to the wind (bnt making ullowance for some parts 
'. which maT lie nesumed to bunr directly ou thc piers) is given by Mr. Stanart a t  

about 14,i)UO supe~licid feet. 'Fllis is for oue surface only. ;.c*.. the one first exposed 
to the wind: but behi11c1 t h i ~  thew arc three other similar surfaces, one al>out. 

" 15 feet away. the second about 120 fcet away. and the third 135 feet away. The . 
:' wind must rush p 5 t  tllese after passing the first one; and although each will be 
" no dogkt,; to :L certain extent, i ~ r  shelter from thoso in frout of it, me cannot 
" supPOFe that they will Le free from the wind's action. Possibly it would be a fair 
" esiimkte to'do~tble the surfact. of the fleont face, but as an outside estimate we have 
!" trilceu three times, 01, 42,000. To this has to be added 8,000 feet. for two trains 
.':which ngy be on the bridge, giving 5O.O(K) square feet of surface cxposcd to the 
"- hoiiiontal :action of thc wind. Allowing, t.herefore, 10 lbs. per square foot, we 
" getYa forceof about 225 tons." Their conclnaions, so arrived at, were adopted ill 
ttie repott signed 11. Sir J. Ha\vkshaw, Mr. Bidder, Mr. T. Harrison, and Mr. Barlow. 

Sir T. Bouch statcs illat thi8 report influenced his mind, and that in consequence he 
did not consider it necessary to makc any special provision for wind pressure in thc 
Ta Bridge. 

u t  & e  tLi& he loust liuve misunderstood the nature of that re ort, for as it  
pointed out that the presrjnres in gusts of wind amounted to 40 1 7, s. or more, it  
was obviousl~: n w s n r y  to provide for t l ~ c  pressures so arising in oach of the spans 
of -tIte:Tay BCid&:aud although the limited area of them gusts is described W not 

,-bei11g.at all-cbinparable to that of the Forth Bridge of 1,GW feet span, yet they might 
511 :. SffBct:be . .. ~ eclual to t,he x~hole area in thc 245 feet spans of the Tay Bridge, and 
'the~r:opdratiop.might take place upon any ofithe-spans. 
.--:.It m k t  not be understood, however, that yve'express ariopinipn -a: . the  sqfficiency. .. 
of i provisjoP~f~r~o?;y:~O~1bs. . ,..-. -,-C--r- - - - of. mindlljri;~s~e.inb~~1iirge-Span of .%,gm f&t: It may 
IFpreseng3anp@iiit of iforce.~mhich;~as:~pplied to tEe w h o l ~ ~ s u ~ ~ a c e , - w o ~ l d  rarely be 
ctxceeded8.tiut:. after hearing the evide&cgiven a t  this inquiry it occurs to us as 
pssib16 tkat---two or more gusts might act simulta~~eously on so large a spar), or 
.the*e:~night be n xind gust of 11n11sual width. .: -. ?. . -- . : . 
. ? >  . . ,., , . I : z  - ~ .*. ... .. .vI. .~ith':ia-view to obtain information 'on the subject of wind pressure from. the.--. 
~&kit.ai~~entii?-.-s~urces, .,%- , ~ ~ we applied to the Astronomer Royal, to Professor Stokes;.' 
snd '.to '-Mi."&;:B.?.Scott, 'the secretary to the Meteorological Council, and from the 
.&idencergif&i{i$ :these gentlemen we learn the following particulars. 

It-tippears - that-  the term mind pressure, ss now usually employed, means the force 
-produced: b j i h e  wind when acting against and a t  right angles to a flat plate or diac ; 
and it i s  ex r&sed in pounds per square foot. It can be arrived at  directly Ey the 
initrumhnt &&+B as 0sler.s anemometer,, which conskits of a flat plate or board 
ncting agaiilst a -8pri11g with u recording apparatus, that exhibits the degree of 



oompreseiou ,produoed on the spring by the action of the wind, or it can be deduced 
agph*$ate,13 from the " 8 t . M  @~WRPLTB," by which term is meant the height at 
xyhich.+'&l,urnn of fluid is maintained or supported by wiud pressure, or it can be 
dedt& ap roximately from the velocity of the wind, due allowance befng ~nsde 
for I: t of the barometer and thermometer, and the hygrometrical state of the 
air at the time, and its amount varies newly as the surface of the plate exposed to wind 
action. 

The relation between the pressure-8e obtained from a platc and the standard 
pressure. can only be ascertained by experiments, and diffcrcnt cxpcrimenters havc 
assigned. different values to it. Dr. Hutton inakea t,hc ratio 1.4, othors havc made i t  
8s high ss 2, but i t  is now considered to be 1.8. 
:The-.instMment used for measuring the velocit,y of the wind is thc rovolviug cup 

; 5- $./.l., - --- . 
.~u.~trwgenthown as Robinson's anemometer. It is coilsidered that a constant ratio 
e&ts"@t;j,een the velocity of the wind and that of the cups actuated by thc wind. 
That .ratio was suppvsed to be 3, but rocent carefully conducted experimcnt~s by 
Dr. Robheon place it, at. 2-28. Morc recent cxperimcnts indicato 2'4 ns thc ratio. 
A~&general average result, it is considered that viud &h a velocity of 20 miles per 
hour- pr&luces a standard pressure of 1 lb., or 1.8 lbs. per foot pressure on a flat 
&&d, .and that the pressure-increases as the square of thc velocity. 

The diagram, produced by the cup anemometer, ns thc apparatus is now nrrangcd. 
does not-enable the velocity in short1periods of time to hc aaccrtoirred with certaint,~ ; 
hence itis-not possible to determine by its means thc velocity in gusts of wind. 

Osler's anemometer appears to afford the most dircct and reliablc ncans of ascur- 
taining wind pressure on a flat surface. 

The high-eat record arrived at  by this instrument was 5 pressurc of 90 l l ~ . .  which 
o w u k d  'on the 9th of March 1871 at Bidstone. It is st.aterl that the iiwtri.n~ncut wss 
graduated .only up to 40 lbs., but the marker was driven on beyond to n clistancc 
cstimat$d:.to .represent about 90 lbs. -Excepting this onc result. thc greatest, pressuro 
ac tua l l j~~corded  is 50 lbs., which~.occurred in Calci~tta ; but, there arc ~i~imerous 
examples-gfpressures of 40 lbs., and between 40 and 50 lbs. 

Prof&sor Stokes -states that the position of the anemometer may materially affect 
the velocity and pressures recorded by it. It may be so plaecd as to hmc pmtial 
slteler, in which case the recorded result is too small, or it may iw placecl in the 
draft passing round some obstruction to windward of it. in mhich case the record i8 
too high. 

Pre'ssures deduced from mind velocities require to be received with great caution, 
firtYtly, bc56ause there is a doubt as to the accuracy of the estimated wind velocity; 
soiondly;. because there is a further doubt as to the relation between velocity and 
pressu:k&; - a n d  thirdly, because the pressure ia  supposed to vary as the square of the 
-velocity, so -that any error in the estimated velocity becomes greatly exaggerated 
when-turned into pressure. 

Some .instances of railway carriages being upset by \viud are clearly established in 
France,,-;India, and America, and one occurred in this country on the Chester and 
Holyhedline in 1868. 

The pressure required to orertun1 rnilra,v cninagca may be taken to -vary bet6een 
26 and_40:ltis; per square foot. 

A. -di@iiiction is made between the -pressures of gusts of wiud, andcthoue cub- 
: o~diniy:$eStructive effects which arisc Xrom cyclonic action or tornadoes, one of which 

ia cit@dr&-haeng occurrcd at  Walmer causing great destruction as it. passed along 
:.:over a.-&iltgvirying from 450 to 700 feet, but, it is not know11 whether the pressure 

was eq$dltblr6ughout the width a t  the same instant of time. 
.Another cyclone of somewhat similar charactar occurred in the Isle of Wig1:t in 

N%emb&r,- 1877. 
-The mrri-ement of the recording paper as generally used with Oaler'sanemometur. i s  

so .slow that. wind gusts have the appearance of being absolutely momentarj in 
their notion. but bp causing the paper to trawl quicker and by other obsen-ationr;, 

, the duration.of wind gusts is found sonictimes to oxceed half a minnte, though t h q  . - 

aro geherally of less duration. , . .. .- , 
t. M(bg&irist the evidence which tends to show high wind preasurcs there are III~UIJ- .:S< 
. . \  S . . .  

.- 
.I 

facts,re,c&86& in Nr. Baker'a evidencc of str~~ctures of various kinds continuing tc, ..P . . 
.,atSnd:tbough unable to bear high pressums. Smallncm of height or partial shelter -9 

-. - ?iiiz$p&& ,-'- . for-such- catcs, but w..regarda cngi~waiing 8truct1irel; placeci l~igh abovc the 
~ ~ ~ g r o ~ ~ r i d ~ ~ o r o ~ h e r ~ i s e  ill exposed. p&tji5nk. ~. there appearu alwoliite nwecrsifj- to pl.oride 

. .  . ,~~Tor . :~ :~ge~i ' r id  pressures. 
, ~. L .*. 

.. , . 
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- - VII. In  $he g-reat majority of rdilwiy struotu&s+ dtimely, those made in brickwork 
- and masonl'f., as well as iron bridges of moaerste height and span, special provision is 

not required for wind pressure, because the weight and lateral strength imparted to 
.~.~~h.:strnc$ures, in proviciing for the strains due to dead weight and load. is more 
-:it&. &$&it to meet any lateral wind pressures which c m  arise. Also, in girderr, 
::.G - .-.- to -considerable spans, the lateral stiffness-given to them to resist the tendency to 
:.oscillation . ~ ~ ~ a w e d  by moving loads a t  high speeds is generally sufficient to.:meet 

i-equirem%nts of wind pressures; a d  the. evidence of Sir Thom'SbB Bouch implies~ 
that, having~providd amply for dead weight- and moving loads in the Tay Bridge, 
he did not consider i t  necessary to make special plavisio~~ against wind pressure. 

. . 

y@!c*ti,+ ,VX~I. ~ h ~ r e ~ ~ r t  of Dr. Pole and Mri Stewart, who were engaged. in this inquiry 
.,af-streng+. : ifin. Sir 1%. Bouch, .after referring to the knowledge possessed at  the time of designing 

.t&& $iera:.states as follows : " For these ~*easona, in designing the bridge, a miximum. 
!- . r v i n d q r e ~ s u ~ e a  assumed acting over the surface of a Rpan and pier equal to 
-;about, 20'lb~,+er -square foot (being . lnore than double what Smeaton allowed for 
,F ..a &v higji3:ii;nid), and the dimensions were calculated for this pressure, with the . .  . 

usiai- mil;gin ,of safety;" It appears Dr. Pole and Mr. Stewart were wrongly 
"inforaed. on, ,this. subject, rta Sir T. Bouch stated that he did not make auy speclal 
.&ision foi-iiiiiid pressure. 
' - The :calctilatiops of the action of wind pressure on open-work girders necessarily 
&-o~.PP somb 5ssumptiona. In those made by Dr. Pole and Mr. Stewart, w d  also by 
:&IT; .Law (who-was employed by the Court), i t  is assumed that the pressures per unit 
'of :surf.& iroting upon the leeward girder, so- far as it  is exposed to the wind, were 
one-haif those acting on the windward girder. Snd  on this assumption Dr. Pole and 
&Er..Stetart ,calc.ulate that, with a wind pressure of 20 lbs.. the stress on the minimum 
.section ~ 

of,.%: .~ wind ties running east and west a t  the lowest division of the pier 
,Gonld be,-. 
, .with 30 train.on the bridge - - - - 5-21 tons per inch 
. ait,h. light passenger train over one pier - - - 6-79 ,, ,v 

.It is .to be observed that in making this calculatiou Messrs. Pole and Stewart have 
not.oonsidei&l the ties na performing the whole duty of resisting t,he wind, b11.t they 
have deducted from 20 to 25 per cent. of the total force, which they consider to be 
the resistance the columns mould offer to on amount of bending corresponding to the 
lateral motion assumcd. The resistance to bending is, withoutdoubt, an element 
contributing to the strength, so far as it c m  be rel~ed upon ; but having regard to 
th6 fact that thew piers mere composed of seven tiers of colurnlls connecmd together 
by bolts and puts, and that the base plate8 to which they were fasteued at   the top of 
the .masonrr were ouly held down at  their bases by bolts pastring through two courstw 
of~&ne;w&think that a reduction of 20 or 25 per cent. on account of the resistance 

k f  '&chlbolamns to bending is not admissil~le, a d  t,hat, W a matter of ordinary 
recaution, the calculation ought not to be so treated. But as this great reduction 

.-gas been made in the strength of the ties, no further doduction in the usual lnargin 
of safety (or the factor of 4) should on any account be pern~itted. 

The.mipiiqum~:sectio~~al area of the ties is utated in that report to be 1 69 inches, 
and the total atreis on the ties rr.0111d therefore be, 

with no train - - - - 5 2 1 x 1 - 6 9 =  8.80tons - 6.79 X 1'69 -- 11.47 ,; with -tliain- over pier - 
If tbes&st~esses.ibe mdtiplied by 4, the usual factor of safety, the ultimate stbngth 

required'in:the:ti6s would, uuder the assumed.,conditions, . be, 
- , .. - .....,. ;w~th~:~$~@@g. .~~ <.. :;k::. - -.:. . . - . ,. - . .  . - - - . % . >  ~ - : .  . ..' , . - - , .8RO X- 4 +:% f2:tons . ~ 

?~~?.~:~~~~~~tr~alln.~o~el:-~P1-er ,.:.:.. . . . - 1  . .: : -. , , - 11.~47 ;X:,.$! =$ ;45& ..:,, , 
,. .*.Fa>:: v<.w*;:5*?yc: . .-~..: .. :... . -.. 
rr,r;.~he~ult~mat~s8$rengf&g1v~wto:the<$.~~ii2~i~~~l~ ,.. . ,~~sr~. ,q7,+s .%,?-:w c.,=~z. .~hisil .-.. ibt;:the:~efb~~r~$$~@~;@~$g~esb~~tlia;li 
, :<#5,y~8::t~iigX~~~e~..;thB. , , .... .. . .  -., ..; '.~ci,-9d<&ons aasl&dd,;:.:But the 'me~~~~timate;:~@e~~th-6f sk 
-'of .:thes.tFe~test'e&'b;y'Mr: Kirkaldy without the lug* waa only 25.6 tons, and the mean 
,&eiigth:of( 14. tie bars tested with the lugs was 24.1 tons, of which six broke with 
'less tlihn::2'2'%ons, .four of the latter giving way at unsound lugs, and two of them 
breaking with -leas than 21 tons. 

The experiments were made un ties and lugs taken from the ruins, but no injury 
, watl apparentdn them from that cause, and we think the weakness found in them 
' was due to-.causes-to which we shall now refer. 

. . 

:.+.c&- g..7. - IX. .~h&':terieile - strength of the wrought iron -used iu the ties waa proved  by^ Mr. . 
-; :-. . '6&& . .  . S ~.Kirkaldy's~expriments to be 20 tons to. the inch, and, the minimum s e ~ t i o n ~ l  ares 

t 



of the -tie - lj.+rs as memured being 1.625 inches, 
&nu: -but th8-bearine surface of the pin was much 

they ought to have carried 32.5 
l e s ~  than the minimum sectional . -. - - .> 

--, ahd;  the pinubeing placed very near the extremity of the bar, it .m not 
:capable of developing the whole strength of the metal, which yielded by tearing 
or fracture a t  the pin-hole. 

Again, as regards the mat-iron lugs, the tensile stren@h of the metal obtained from 
the riverage. @f 14 specimens cut out of broken caat-iron columns was 9 .1  tons per 

uare .inch,. the weakest being 8.1 ton er square inch. Fourteen sast-iron lugs, to sq.~. 
rrhrch- the tie bars were attached, a n 8  rhicb form portions of the diagonal c rom 
bracing between the columns, mere tested in London. These tests were made by 
strains applied in the same direction as the lugs would be subjected to on the piers. Of 
these, 10 were found to be ~ound  castings, and four unsound. Of the sound castings, 
the strongest.bore less than three tons per square inch before breaking; the average 
2.8 tons. per square inch, and the weakest 2 .41 tons per square inch before they 
broke. 

We believe this great apparent reduction of strength in the cast iron is attri- .. 
but$hle~to ...t be.:nature of the fastenings, which caused the stress to be brought on 

&h&I@g&&ird+r side8 of the lugs injtead of acting fairly upon t.hem. Andws wish 
t&dir6ct 6Gntion specially to these results, because the employment of wrought-iron 
t.ies bolted to cast-imn !ugs is a mode of .construction frequently emplo.yed in other 
stnictures,;mid the deficiency of strength arising from it is not, we think, generally 
known. . 

. - 

As. ;question of ultimate strength, i t  may be urged that, if the weakest ties bore 
nearly 21 tons, the viaduct ou b t  to have'been able to resist 35 lbs. per 6qURre foot of 
wind-pressu~e, because, accon&ng to the calculations of Messrs. .Pole ao<.Stewart, 
:E lbs, -of .pre.mare would have been required to produce that strain. But Messrs. 
Pole and:St;Byart's calculati~n is based on the assumption that the columns and 

. .5~~~i<-d~~ri~~c$ingggbolts  bear 20 or 25 per cent. of t.he wind pressure, leaving only 
'75:zC,r~~-80:per~:cent. . . to be carried by the ties; i t  also ilssumes that all the ties are 
. .&&l,!$ .. ti'&tened up, that the columns are in their correct positions, and that 
.*every part.or .member of the pier is performing its exact roport,ion of duty. P .  These we conditions which can only exist withi11 the e astic limit of the mnterials, 

atid: the -el&tic limit of iron in tension is somewhere about half its ultimate st,rength; 
t.h@ limit brice. passed. .it is impossible to-say rrhat would be the relat.ion between-the 
strain8 in the different members of which the pier was composed. 

Mr. Kirlialdy's experiments show that the stretching or elongatioll of the ties. when 
tested with, tLeir fastenings, was greatly in excess of that due to the elastic action of 
that material ; a result attributable to the small bearing surfaces of the pins, gibs, and 

I cot@fs, .and .W the conical holes in the lugs. 
. ' -In consiaering. the construction of these piers; it is further to be observed that iny 
;e~~.ossiderP?&le$stretching . .. of the diagonal bracing, and consequent departure of .$he 
$&&&n$f%~~~~ th,e vertical, was a derangement or distortion. which i t  was especially :. -. - .>..> ,. ..- ... ..*- ,: . . 
i,lmp@ftanti@<avoid, .., - -  ~ .,.c-G. because such R movement could not take place without causing an 
:.%1k~ual~,b&i';1~ . ... .., ,.,. at the bases or at the joints of the columns where i t  occurred, and 
.:.~n<ght:eit&r .i;esult in fracture of the flanges or of the connecting bolt,s. 

And. if,.$+ this or any other cause, one of the outer columns became fractured so 
( L B  .h be%capable of bearing weight, the L-shaped box girder would have been 
'deprived of t,he support necessary to sustain the main girder resting upon it. The 
liability to accident from this cause is a direct consequence of the peculiar construction 
.adopted.in: these piers. 

The hexkgonal form given to the pier -had also tbe effect of throwing the main 
.duty. of. .r&&ting wind pressure up011 the cross bracing between the iuner 15-inch 
-icolumns. . ? T h e - c m s b i  on the four oblique planes formed between~:the 18inch . 
:gand:d:1'1'5;in~h = A .  . columns, and placed on those planes at an unfavourable:$eiti~l angle, ': 

-~-~~ontributij~~~proportionately much leaa resistance to lateral pressure. 
:-.33efo&- l&ving the subject of the cross bracing, we think it right to point out that 
'this part if the. structure forms a comparatively small item in the quantity of metal C- .. I . 

: and consequent cost of the bridge. The weight of the cross bracing in one of the high . . , , 
piers was stated approximately a t  5 tons, the total weight of iron in the piers being -. . . +  . 
76 tons, ind-i t  will be seen by the return of the quantities of iron work used by the ' .  I ?  . . 

. - oontrwtors, that out of a total quantity of iron of 10,518 tons, only 413tous is classed 
..under t.he head of bracing. .! > 

A: ~ & G ~ o i i l d ~  appear, therefore, that a great -increase of strength might have been given :<i$:.tb6! 'hr 
: :.. .. . .;:. o.wbracing on which so mu& depend8 in resisting wind pressure without 
?I~~&di$&%~irge percentage to the cost of - thc bridge, 



. , 

-~ke.,aiird-?f6r&:~uired ..:T..-.~.-..,+:zc. to overturn tlie piers as a whole, assuming that: there:were 
-no lioldmg-dom:bolte, . is estimated by- 

With m h i n .  With a Train oo Briw.  - 
. . . ~ lb. p?? equare foot. lb. per square foot. 

=&.#W - - - 36.38 34.33 
. . ? .  

. . . ...1:;&Ieiurs. Pole md Stewart - 
, . . - 

37'4 W 
- :1.h-~~th.$3$t.-~$fili,atea it is, of course, assumed that the cross bracing.-and other parts 
.iG of %de@it& st~ength. 

Theieliolding-down bolts passed through t ~ o  courses of stone ; and if the effect of ths 
additional weight thus brought into operation be taken into amount, together with a 
.f;ur allowance for the tenacity of the cement, the stability as against overturning would 
hare been sufficient to resist 40 lbs. of wind, if the cross bracing had been made strong 
enough%o;i@sist ~ ~ thac pressme. 
c An opi.riionb'a8 h e n  frequently expressed that tlie bases of the piers wore too narrow, 

.and.it-is clear t.hat the requisite stability could have been obtained more readily if the 
'$ridge hadbeen made for a double instead of a single line of railway ; but with iron- 
k i r k  bhcing of sufficient strength in all their parts, held domn by strong bolta, 
hedded: - ... deep7-in the solid mass of the piers, there is no doubt that t.he caissons are 
~ ide~enou&i ,~o  permit of piers being constructed adequate to perform all the duty 

, - . * ~ ~ ~ 4 .  . :. 
. . 

+F611.0f ,G X. Thercia no ab~olut,e knovledge of the mode in which the structure biLiko down; .. 
*'-..p . gJjyiilge. 1 ,the yide~lce -of persons who happened to be looking a t  the bridge at the time a&ks4ii1" 

. deschbing li hts falling into the river, and that these appearances lasted only a few 
yconds, but tbe &idence is not suficiently dear and definite to determine by it which : 
portion of-the bridge fell first. 

It is &&able in the ruins of the bridge that tho columns have for themost part 
.,se*14mted mher6 they had been bolted to the base pieces ; in two iers the separation 

igc.@id%ier~~of ;$01~mnS. 
B :4i%s:;@ken. p k e  higher up the pier, one being a t  the first an the other at -Lhe 

.. 

a , ;-;~t.~iekNiis:.=33 . ~. and 37, which were a t  the disconnected ends of the girders, the 
.masonry iC&onsiderably disturbed, and t.he stonework has been partly torn up where 
i i  'was faakned to the base pieces by the holding-down bolt9 ; this effect is especially 
ob.sewble on 'the windward sides of these piers. The fracture of the cross bracing 
.are ... in almost eTery instance a t  the lugs. 

.&& - -I-.::~ of-t c XI. The storm which occurred at Dundee on the night of the 28th December, was 1 %storm. - - 1 recorded on board the "Mars" training ship, lying near Newport, as being of the force 
of 10 to 11 of the Beaufort scale. and was especialiy characterised by ~ t rong  gush at 
intervals. The-evidences of wind force in the town of Dundee were not, however, such 
.aa.to. point t o  extreme wind pressure, but from the co~lfiguration of the land the main 
Torce:of.the gusts would probably take the line of the river. . .. 

;@4ealiogd XII. The .first indication of weakness in the bridge itself was the loosening of 
$:6f-~*-G:'.,nuinbe=,of'the.ties of the cross bracing, a fact observed by the inspector, Henry Noble, 

iri October, 1876. He did not communicate this fact to Sir T. Bouch, but procured 
iron &d packed the gib3 and cotters, using for this purpose more than 100 iron 

- '  packings.about:.J2 or g of an inch thick in different parta of the bridge. 
All  the- e$id&ce relative to the condition of the ties states that they were, to a11 

ii pearance, .in proper order a t  the date of - the. inspection .by General Hutchinson, 011 
<.3!6:~5th;;:2fii~:*d+2~th@ _ -...*.; SS:~  G>:..: ,. _ I .  Tebwtwy. 18T8,:2!F!& lomerii, which sGbsecp&l 4 enmed .. 
rz.fijgtKa$;31:e8u]&dI:fr0m $la&d aotid~;~and:was'~~mo~ff~piobsblF;d~&;.'~ sir ' . Bouch. ~ 

S**+?;. :3?z~.*.~:g->~-4p;~*&*..?*~~:,* .;<. . . $.,+ - -  .-:.. . ~. ,. 
- '  ~ugges ted&~~s$r~~ns- ;on  the ciosa-br%cirigjxo.duced liy,;storms of%nd. 

. ~ S i & T h i i ~ i i ~ ~ B ~ u c h  considers :?in: t h  louaenillg arose from the bending-of t'he pins 
.2~Gi~!the~&01e8r~hich had been left conical in casting the lugs, and i t  was, we think, one 
??of.the~cau@s:; but the small bearing surfaci+&etween the gibs and cottera, and the tie 

bars, only about -375 of a square inch, would tend to increase this effect, and it might 
havcbeen further increased by displacement~or movement a t  the ends of those s t rub - 
wherethe fitting was im erfect. rP Again, in October 1 79 four of the columns were aecertained by Mr. Noble to 
.be cracked with verticd clgck~, two of them being in the northern part of t h e  bridge 

 still . . standing, and one in pier No. 38 under the high girders. The inspector (Noble) 
-.bound these- columns round with wrou htiron bands, and communiaated th i s  

% .  fact to Sir T&oma~ Bouch, who came to t e work, and, in reference to other indicsi 
tions of.stpin~ngpointed out by the inspector, decided to have extra brscinga made 



for.-.&e: .p"m& 'part of.-- the bridge mrth  of the large girders. It has been ahead 4 . . ; $S.".: 

&anhon($aB&'&t:. the columne of the -whole bridge were filled after their erection wi 
coonmte, put in from the top, and concrete of this material; l u ~ l e a  

carefully managd, is liable to swell in setting ; from this circumstance, and from the 
unbqud of cast iron and concrete by cold, internal strains might heve 
&sen s~Eoie i t -  to produce such cmks.. Cracke of a like character have occurred 
in other~;@di:ts; apd when the fractug is; vertical it is capable of remedy, to a cou- 
Gdergbleeex@nt;-by--h~oping with wrought-iron bands. 
; 1a;this:Btate of the~wlumns and ties the storm of the 28th December 1879 occuq~ed, 

wo&d:neees~adY produce great tension on the ties, varying as the heavy gusts 
b.ore;upoi~..differqnt,pa& of the bridge ; and when under these strains the train came on 
-th&:viiaUC:ttI,bb+9gi.g . .~. .. ~~. :~. 

a larger surface of wind pressure to bear, as well as increased 
&+iglit' on"t&*jiiers, and accompanied by- tlie jarring action due to its motion along the 
'r$jriii'la; -:the. filial catastrophe occurred. 

Th~,distance a t  which the girders were found from the piers, and.the position of the 
wreckage. on the piers, issuch as woula-&ult from a fracture agd -sepa~t.ion taking 
p l~ce - in  'th.e.piers somewhere above the base of the columns; and such a fracture 
f igh t  haie&een from tmo causes : first.1 , by the yielding of the cross bracing, and E .  the consequent' distortion of the form of t e plers, which would throw unesual strains 
on .the flanges and connecting bolts; or,  secondly, fracture might have taken place 
in one of the outer leeward columns from causes similar to those which produced 
the fractures found in other columns shortly before the accident. 

.XIII. Sir T. Bouch states it to be hi8 opinion that the accident was occasioned by ~ , , i , i ~ ,  
-the:o+e&rning of the second-class carriage and the van behind. i t  by the force c 4  tee eaclae 
-:the. tviiiil, that they were m n t d  over against the girder, and that the force of the ofthe 
-blow given by these vd~icles at the speed at which the weye travelling, was sufficient. sceide"t. 
to destroy portions of the girders, and so occasioned t 2 e fall. But in this opinion we 
do uot concur, and do not consider that it is supported by the evidenco of the 
Engineers who were called on the part of the Raihay Company, Sir T. Bouch, and the 
Contractors, 

Dr. Pole; Mr. Stewart, and Mr. Baker, all of whom were caIled on behalf of Sir T. - 1 
.&%U&,-although . . . ~  .. they suggest the pomibility of some shock actsing in addition to the . ...*. .. :..pvlpvlnd~-pressure, all concur in att.ributing the first failure to the lugs of the crosa- 
--braoing; Mr. Cochrane believes that if the.columns had been strongly b d ,  strongly 
fitted; incl: stron ly held down by holding-down bolts the pier would have been 
standing.now, an! 'adds, " i t  is a question of cross-bracing, of course." Mr. Law also 
conaidera.'that:the structure yielded because the ties were inadequate. 

Such .being the nature of the c m  brought under our consideration in this inq.uiq, Codusioi 
we. hnve,to state aa our opinion, nrrivednt 

let. 'rhat there is nothing to indicate any movement or settlement as having taken Lbe 
.p lqe in-the foundations of the piers which fell. 
- 2ad; That the wrought iron employed wm of fair st.rength, though not of high 
l.ilu&litg: as regards toughness. 
;: -':3?&3'ha;t the ca~t  iron ws also fairly good in st,rength, but sluggieh I$ien melt& 
%&&$_.kij@ed- d i ~ c u l t ~  in obtaining sound castings. -. 
:~::.~4t&Zl%Lt the girders which have fallen were of sufficient streneh, and 2iad beet] 
::car:efullj~ studied in proportioning the several parts to the duty they had to perform ; 
.-in%h&:giiders some imperfections of workmanship were found, but they were not of 
a+u;,ac&rwhich contributed to the accident, and the fractures found in these girders 
were,.we. @ink, all mused by the fall from the tops of the piers. 

Sth.,!F&t.the iron piers used in place of the brick piers originally contemplakd 
were':~.@o.n~enough for supporting the vertical weight, but were not of.  a suficiently 

,.aubst&ntiaI~chaxa~ter to sustain, a t  SO great a height. girders of such m w i t u d e  as 
thoge-whi'ch fell. That the cross b m i n g  and ite fastening0 were too weak to resist 
$~e~lat&ra&action of heavy gales of wind. 

.L- - 'GtbiThit the workmaa+ip and  fitting of the several parts comprising the piers. 
-kere;~~inf'e&or in many respeote. 
- - -7th; TB&. although a large rttsff of- sea i sb t s  and inspectors waa employed, we-con- 
aider that:,a mfEdently strict supervision wae not exercised during the cowtq1ptiibn;6f 
: that.p&of &.e cork made at the Wormit foundry. We think that-the-g&$inquklity 
-..?of.-&ickse_se-& s0me:of the columns .the. conical holes cast in the lugs;.anci*.seved 
-$@W@t@@C!f workmqhip  whi&&%e been ascertained by.thie inquiry,:ought 
-&fQ$gp,i'e;v*~d* 
> ,  . -. 

, .  . 
~ ~ 

. . .. .~ . ~. B 4 



8th. That the ifrengements for the supervision of the bridge aft& its completion 
hem not s&tiefactoq, inasmuch ss it was intrusted solely to Henry Noble, who, although 
b._iFtellige?t ,m.aF and very competent in the clam of work to which he had been 
&uei;omed,, ..~ po&@ed -" -*.... .. no experience in structures of iron work, nor does it appear that 
~ i ~ i j + i ~ e 3 ~ c ~ n ~ d e f i , g i t e  instruction to report aa to the state of the iron work of the - - 

become aw&e that many of the ties 'of ihe cross 
1878, ought a t  once to have informed Sir T. Bouch 

Had he done so, there would have been ample time to have put 
before the occumnce of the storm which overthrew the . , , . ~  

:bFidge.. . , 1 :I.OtIi. ~ha t tbe . t i e s  of the cmss bracing had been tightened up and brought to-their 
~bei@g,lbeforc~th5date of the inspection by General Hutchinaon, and the fact that 
ima,ny of-them beca.me.loose so soon afterwards, was an evidence of weakness in this 

.structu& and of a departure from the proper inclination or batter of the 
; and we think that tbe loosening of the ties to an extent 

insertion of pieces of iron f or # of an inch thick indicated a 
form of .the pier, and rendered it aoubtful if the piers could 

when the wind action ceased. The employment of packing 
pieces un$er:~ch:circumstances might have had the effect of fixing the parts of the 
-structure where they were applied in their distorted form. ' '11th. That.$@withstandipg the recommendation of General Hutchinson that the 
speed of.t,he-crai~ns.on.the bridge should be reetrioted to 25 miles per hour, the railway 
'iximp&y~d~lri&t-enforce th3t rer~mmendation, and much higher speeds were frequently 
run'oh . ~ poportionii:~of .th-e.bridge. 

'12th.'ThktItl3e;faIl of t.he bridge was occasioned by the insufficiency of the. cro&--< 
-1jk6inkand i&?fa8teninm6to sustain the force of the gale on the night of December 
28&, y87.9, a;=&h*t theLbridge had been p~viously &Gained by o ther  ales 

% .  13th. Thnt:51t&oilgh t,he general bearing cf t.he evidence indicates t e cross braciug 
=-being the fii,parf to yield, yet it ie poasible that the fall of the bridge may have 
been occ+oned;by gfrscture, or partial fracture, in one of the outward leeward coIumns, 
pMduced by causes analogous to those which fractured other wlumns shortly before 
tho:sccident; for if - a  fracture, or partial fracture, of a dangerous character occurred 
in oneof these-columns, the extra strain brought on by the force of the gale, worn- 
paniecl.b tlie weightand tremor of the train, might have led to its final rupture. 

14th.. G h+t,the.first ! or southern set of continuous girders, covering five spans, was 
:ttie'-fir& that fellyafter the engine and part of the train had passed over the fourth pier, 
and.th+t the'&o:conaecutive sets of continuous girders, each wvering four spans, were 
.h suc~ession'.~biled off the piem on which their northern ends rested, by the action of 
the.. first set of.Gontinuous .girders falling over, and probably breaking some of the 

' supporting co&mns. 
15th. That the extent of the work which.fel1 must be attributed to the employment 

of long continuous girdere, supportea by piere built up of e, series of cat-iron columns 
of the dimensions-used. 

In  oonclusi&~.wb have to state that there is no requirement issued by the Board of 
. % d e  reqectingyipd pressure, end there does not appear to be any understood rule in 
the engineerin~~.pfofe~%ion regarding wind piemure in railway structures ; and we 
thewfore +*end that the Board of Trade should take such step! as may be $dr;~ 

- het.e~&blishment of rules for .that -purpose. ?..E f ~ r = t  . , ., .* 
'..~...i.w-I . '  .' e;xL~oi~r~~~m;men$,;befdre a n y  steps are -taken for the reconstruction: of the Tay . .~ ~ 

Briage;:@at:+;:caref&.exX&inaa6on . ::T..: should<-be:?made .of those p& of t&e  stycture 
l&t~stahdmg;.;e~peclally aa'ragardsthe;pierri,6thh a view to ensuring. mchdteratiow 
-&d;amendments as may be necessary to give to these portions of the work complete 
stability. And we transmit herewith a furthermport from Mr. Law on that subject. 

We have the honour to be, 
Sir, 

Your most obedient Servants, 
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TAY BRIDGE. 

R E P O R T .  

TO THE RIGHT HONORABLE THE PRESIDENT OF THE BOARD OF 
TRADE. 

SIR, London, 30th June, 1880. 

(1.) FOR reasons, into wh~ch it is not necessary to enter, I have thought i t  better to 
send in my own separate Report, mstead of jo~ning in a Report with my colleagues. 

(2.) The two Reports will be found to agree substantially in their conclusions. A 
statement of the points, on which we agree, and on which we do not agree, will be 

'found at' the end of this Report. 

(3.) Although this Report is only signed by myself, I have retained the plural 
number throughout, as it  would require some time to make the necessary corrections, 
and no misconcept~on is likely to arise therefmm. 

Colrlae oj  the Iiyairy. 

(4.) HAVINQ been hrected by an order dated the 31st December last, to hold a 
formal investigation, under the provisionsof the "Regulation of Railways Act, 1871,'' 

into the causes of and tho c~rcumstsnces attending an accident, which took place 
on the railway bridge crosslng the l r t h  of Tay, on the North British Railway on 

U thb twenty-elghth" of that month, we deemed it exped~ent to proceed at  once to 
-Dundee, for the purpose of making a personal mspection of the bndge, and a t  the 
same time of examinmg, whilst the facts were s t~ l l  fresh in their memories, any 
witnesses, who might be able to speak to the occurrences. 

(5.) Accordingly, on the 3rd day of January last the Inqu~ry was opened in the fir& 
' 

Assize Court a t  Dundee, which had been kindly placed at  our disposal. Mr. Trayner ~ a ~ ~ o ~ n *  
appearing for the Board of Trade, and Mr Balfour for the North Brltish Ra~lway 
Company. On that day, and on the followng Monday and Tuesday, a number of 
witnesses were examined, ch~efly in regard to the " clrcumstsnces attending " the 
casualty ; when finding that there were no more witnesses, whom the parties were then 
in a position to call before us, me adjourned the further hearing to allow time to 
collect full information as to the past and present condition of the structure, without 
which it seemed to us impossible to prosecute our inqulry into the " causes," which 
had contribute& to the acc~dent. 

(6.) W ~ t h  a view to obtain this information, we appointed Mr. Henry Law; a member ,steps taken 
of the Institution of Civd En meers, with directions to make a careful inspection of fogcc &W- 

the whole of the structure, an% to report to us fully thereon, and as to the probable .. . 
causes of the casualty. We also d~rectad him to select specimens of the wrought , 
and cast iron, and to forward them to Mr. Kirkaldy for the purpose of being tested 
a t  his establishment a t  Southwark. We alalso called upon the radway company to 
furnish us with detailed information of the weight, strength, and dimensions of 
different parts of the structure, of the forces which would be required to overthrow it, 
and of the muses to which, in their opmion, the fall of the bridge was due. Photo- 
graphs al~o..were ordered to be taken of the fallen piers and g~rders, as well as of the 
iwnains of the ,  engine and carriages, when they should have been recovered from 
the bottom of -&e river. 

(7.) Whilst waiting for this information, we were told that there were a number of ::;L- 
witnesses rit or near Dundee, who could give very imporhnt evidence as to the con- , . 

Q p066 D 



(lition of the' bridge before the wcident. We themfore wturned to Dundw, and from 
the 26th of February to the 3rd of March last, we were engaged emmining a number 
of witnesses, chiefly with reference to certain all defects in the matsrisls and P workmanship of the bridge, and to the p d  a t  whic tsgins were accustomed to croes 
it, Mr. Trayner and Mr. Balfour appearing as before. 

(8.) The information, forwhich 
the inquiry was resumed at  Westminster, 
until the 8th of May, Mr. Trayner and Mr. 
and Radwa~ Company reapectively, Mr. Bouch, the 
En ineer, and Messrs. Webster and 
Oil f es, & Co. On thls occasion a very large amount of evidence was taken, chiefly of 
a technical and scientific character, with the object of ascertaining the causes which 
had contributed to the fall of the bridge. 

(9.) Finally all the witnesses having been examined, and counsel heard for their 
respective-partlea, the Inquiry was declared to be cloaed ; and i t  now only remains for 
us'to state the concluwona, to which we have come, efter a most careful and anxious 
consideration of the fact8 contained in the evidence and documents, which have 
beendaid before us. A copy of this evidence, and of the more important documenlts 
will be found annexed to this Report, and to these we must beg to refer. The circnm- 
stances of the case are as follow. 

(10.) It seems that, a proposal having bwn made to build n bridge across the Firth 
of Tay opposite to Dnndee, Sir Thomas Bouch caused borings to be made, from 
which he was led to believe t.hat hard rock would be found extending across from 
side to side, at  110 great depth below the bed of the river. He accordingly designed 
a bridgc, which was to cousist of open lattice girder-work, and which was to be carried 
across the river on piera mainly consisting of brick, built up from the solid rock as a 
foundation. The scheme having been approved, a contract was on the 8th of May 
1871 entered into with Messrs. De Bergue & Co. to undertake the work. dfter the 
b t  14 piers on the south side had been built, and carried up to s height of 20 feet 
above high-water level, it wait found, on sinking the cylinders for the 15th and 16th 

iers, that what had been taken by t,he borers for solid rock, wee only a bed of 
fmrd conglomerate about 3 or 1 feet thick, on piercing which they came into mft 
mud or sand of unknown depth, the rock having bappeared. The discovery seems to 
have been made about May, 1873, for we have a report to Sir Thomas Bouch from 
Mr. Paterson, the resident engineer, dated the 29th of that month, in wh~ch the fact 
is first mentioned. 

ill.) The result of course was that the design had to be altered, and to meet tho 
dlfficul ,which had arisen, Sir Thomas Bouch propoeed that the area of the founda- "g tions a ould be considerably increased, and that light columns of iron should be 
substituted for the brick piers previously intended ; and there is a re ort from Sir 
Thomaa Bouch to the directors, dated the 11th December 1873, in whic he explains 
at length the advantages of the proposed changes. 

1 
(12.) In the meantime Mr. Charles de Bergue, the leading partner in the contractor's 

firm, had become so ill as to be unable to attend to business, and it became necessary 
to transfer .the contract to other hands. This was according1 done, and on the 
26th of June ,1874, a contract was entered into with Messrs. Hop %! 'ns, Qilkes, & Co., of 
Middlesborough, to complete the work, the new contractors agreeing to take over from 
Messrs. de Bergue the whole of the existing staff end lent, aa well sa the foundry 
works, which had been erected at Wormit, near the sout !I ern end of the bridge, and 
where i t  was proposed to cast some portiona of the ironwork required in the 
construction. 

(13.) The proposal to altar the piers from brick to iron seemdto have been made 
before the m n h t  wse signed mth Messrs. HO- Qilkee, & Co., but the ha1 
designs were not settled until afterwards ; for Su Thorn= Bouoh told us tbst they 
were settled in consultetion with Mr. Qilkee at  Middleaborough; asd there is a 
letter from Mr. Qilkes to Sir Thornas Bouch dated the 9th of June 1875, in whioh he 



speaks of the proposed " enlargement of the spans and oertain alterations ofl the 
piers," which he statae had, after " long and careful consideration,'' been a t  length 
decided on. The " enlargement " here referred to is that of the large spans crosslng 
the navigable part of the river, which as originally designed were to have a w~dth of 
215 feet from centre to centre, and 200 feet between the piers, but in the final 
plans they were to be 245 feet from centre to centre, except two, which were to be 
227 feet each. 

(14.) From this time the work progressed wlth great rapidity, a large number of Cotapbl l  
men being constantly employed both on the bridge itself and at the Worm~t foundry ; oj'hemk. 
andalthough some delay oocurred from the fall, during a heavy gale of wind, of two 
of the large iron girders, whilst they were being ralsed into thew positions, together 
with the piers on which it was proposed to place them, the bndge was completed, if 
not within, a t  all events very soon after, the stipulated t,ime. 

(15.) On the completion of the bridge thc usual notices were senl to the Boartl of ruapec(con 
Trade, and thereupon General Hutchinson was directed to go down and inspect 16. ~'~.Ol 
His inspection took place on the 25th, 26th, and 27th February 1878, end on the oficers. 
5th of Marc~followiug he reported that ho saw " no reason why the Board of Trade 

should-objectv-to the bridge being used for passenger traffic; he stated, however. 
that i t  wo&d " not be desirable that trains should "run over the bndge a t  a high 
" rate of speed," and suggested "25 miles an hour as a ltmit, whlch should not be 
*' exceeded," adding that " very careful attention w~ll  be requ~red to ascertain from 

. . .::-:time to hme that no scouring action is taking place in the foundat~ons," and 
that hc should msh, if possible, to have an opporbunity of " observing the cffects of 

a h ~ g h  wind when a train of carriages is running over thc bridge." 
(16.) Some delay occurred, owing to the upproechea not being fin~shed, buL a t  Q~,,,,,~~, 

length in Junc 1878 the bridge was opened for passenger traffic, and from that time br&e. 
trains continued to run regularly across it until thc evening of the 28th of December 
; last, when the accident; which we are now about to describe, occurrod. 

Aceount of the Beckht. 
(17.) On the evening in question the train from Edmburgh arrived in due course a t  p,,sage 

St. Fort Station, which is the last before crossing the bridge, and there the tlckets r h  tratn. 
of all the passengers for Dundee were, as usual, collccted. We are told that there 
were in the tram a t  that tlme, 57 passengers for Dundee, 5 or 6 for Broughty Ferry, 
5 for New ort, 2 season ticket holders, the engine driver, stoker, and guard of the 
train, and % other guards, making 74 or 75 ersons in all. The t~ckets having been 
collected, the train proceeded on its course, f ) .  eaving the St. Fort Stabon at 7.5: p.m., 
and on approaching the cabin, whlch stands a t  the southern end of the bndge, the 
speedGas slackened to enable the e n g L  dnver to take the baton, w~thout which he 
i s  not-allowed to cross the bridge. On receinng it, steam was again got up, and the 

--tjain p&seddon to the br~dge;  upon which tho signalman, Thomas Barclay, signalled 
the fact to tlie north cabin, and made an entry in his book of the time, mhlch he told 
UE -was 13 minutes after 7 o'clock. At t,his time it mas blowing a strong gale from 
about W.S.W.; almost dnectly across the bridge ; the n ~ g h t  was also extremely dark, 
for although there was a full moon, heavy clouds obscured its face. 

(18.) It Beems that a person named John Watt, a surface man in the employment of Fall ~fd' 
the North Britash Railway Company, had gone to keep Barclay company, and ww in b"dge9e. 
the cabin when the train pawed, and it is from  IN that me have the best account 
of what then occurred. Whilst Barclay was attending to his dutics, entenng the time 
in his book and-making up the stove fire, Watt rras ~ a t o h m g  the train from the wmdow 
in the cabb door, which looks northward down the h e .  Accor+ng to -him; when 
the train hid got about 200 yards-from the cabin, he observed sparks flying from-thc 

>wheels; and after they had continued for about three minutes, there was a sudd"11 
: brisht-flGh.'of hght, and in an instant there was total darkness, the tail lamps of t,he 
train, the sparks, and flash of light all disappearing a t  the same instant. On infonntng 
Barclay of what had occurred, the two men endeavoured at first to make their way 
alon the bridge, but h d i n g  it impossible to do so, o m g  to the violence of the wlnd 
whic % was then blowing, they got down to the side of the nver, and after a time were 
able to make out that a large portion of the bridge had been carried away. On further 
inquiry it wae ascertained that the twin had also fallen into the rtver, nnd tl1a.t eTeiy 
-pere.on in it bad perished. 
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hcription of tht! Bridge. 

(19.r in.-erdei to understand what had really occurred, it  mll be necessary that we 
should now give a general description of the nature and character of the structure. 

(S.) As finally constructed, the bndge, which had a total length from cabin to 
cabin of 1 mile 1,705 yards, was carried across the river on 85 piers, of which the 
first 14, counting from the south shore, were entirely of bnck, the rest being for the 
most part composed of iron columns. Starting from an abutment on the south shore, 
-it hurved to the left for the first three spans, which brought i t  a t  right angles to 
the course of the river, which here runs nearly due east and west ; i t  was then straight 
to pier 53, -hence it curved sharply to the right with a radius of 20 to 22 chains, 
until it  reached the north shore For the first three spans after leaving the south 
shore the roadway slightly fell; it was then level to pier 6, whence it rose with s 
gentle incline of 1 1n 353 to pler 29 ; from 29 to 30 the incline was 1 in 490 ; it  was 
then level for six spans, and at  pier 36 it begail to fall, the incline from 36 to 37 
being 1 in 130, after which the fall was extremely rapid, being about 1 in 74, until 
it reached the north shore. It mill thus be seen that from soon after leavlng the 
south shore there was a gentle rise tlll they reached pier 30, where the under slde 
of t,he bridge was about 88 feet above high-water mark; from there the bndge was 
level for six spans; and from pier 37 the fall was very rapid to the north shore. 

(21.) To allow for the expansion and contraction of the iron, the glrders, of which 
1 the bndge was composed, were not continuous thronghont their entire length, but were 

div~ded mto sections of four, fire, or six spans ; and whilst the span8 of each section 
were firmly rireted together, so as to for111 one continnous girder, the sections were 
quite dlstinct and separate. Each section was r~gidly attached to the top of one of the 
piers, by which it mas supported, whllst on the other piers it  rested on rollers havmg 
bevelled flanges. Where the section is ngidlr attached to the pier, it is called a 
6xed beanng ; where the ends of two sections meet, it is called an expansion joint; 
the others being called roller beanogs. 

(22.) Between piers 28 to 41, where it crossed the unvigahle part of the river, the 
gmders were raised 80 as to give additional headway to passing vessels, the lower 
booms of this portion being 113 a line with the uppcr booms of the portions north 
and south of it. The consequence mas that, whilst from the south shore to pier 28, and 
apam from pier 41 to the north shore. the roadway -as o m e d  on the upper booms, 
and therefore outside and on the top of the g~rders; between piers 28 and 41 it was 
carried on the lower booms, and therefore inside and on the bottom of the g~rders. 
These latter were called the high girders ; and as they were entirely carried away, it is 
to this part of the structure that our attention must be more particularly directed. 

The Hzgh &?ohs. 

: ~ ~ a r b & h  (23.) The h g h  rders consisted of 13 spans, of which 11 were W5 feet and two 
and " 

,diattonr.j 
227 feet each, ma i11g a total of 3,149 feet, or very nearly 1,050 yards. They were 
divided into three sections; the first, beginning from the south. containing five spans 
of 245 feet each ; the second, four spans, two of 245, and two of 227 feet each ; and 
the tlurd, four spans each of 245 feet. There were fixed beanngs a t  piers 31,35, 
and 39, expansion joints over piers 33 and 37 and at  the two extremities, and the reat 
were roller bearings. - 

F- at$; (24.) Thgfgirders, whch were of wroughttiron, were 27 feet high, the sides being 
co~.h.trchbn, 14.fet-lO.inch;es;ap& from centre to centre. .The .upper and lower booms on each 

@?!?&f.sidi;-wefe trough-shiped, 2 feet wide, and 15 or 16 inches deep, and were connected 
tbg8ther by-flat-&nsile bars in pairs nveted tb each side of t,he booms, as well aa by 
Z-shaped stru'ts. placed between the sides of the booms, and secured to them and to 
ttie tenaile.bars-at their mteraectlons. The two upper booms were braced together by 
wrought-iron beams wlth diagonal stays; but the lower booms, which in this part 
carned the permiMlent way, were connected by transverse wrought-iron, fish-shaped 
girders, set-about 5 feet 5 mchea apart, and firmly riveted to the upper side of the 
buoms The p d e r  over each span was complete within itse!f, the verhcal ends being 
of simllar construction to the booms, and 18 inches wide on the face. On the whole, the . 
girders appear to have been-well constmcted, and to have been carefully proportioned to 



the strains, which they had to bear ; and as there is no reason to suppose that the casualty 
wrqs due to any defects therein, it is not necessary to describe them more in detail. 

(25.) With the supports, however, it is otherwise, for the columns on whlch the  ice 
girders restea, have all, from 29 to 40 inclusive, given way, and in every case but F ~ S .  

two from thelr very bases; and it therefore becomes important to examme them 
construction with some care. 

(26.) We have said that it  was onginally Intended to bulld the piers, whlch supported Th 
this part of the structure, of brick ; but that, when i t  was fouud that the rock had i b u ~ ~ n ~ .  
disappeared, i t  waa determined to lighten the piers by mahng them of cast-iron 
columns, and at  the same time to increase considerably the area of the foundations. To 
obtain foundations for the piers, wrought-iron caissons 31 feet ln dlameter were con- 
structed on the shore, which, on bemg lined with 18 inches of brickwork were floated 
out, and sunk in their proper places. T h ~ s  was an extremely difficult operation, but 
appears to have been successfully performed. After a caisson had been sunk as low as 
was deemed necessary, the centre was filled up w ~ t h  concrete ; and upon this was built 
a hexagonal-shaped pier, measuring 27 feet 6 Inches from east to west, and 15 feet 
6 inches from north to south ; the lower part of which was faced with brick, whilst 
the four  upper courses were faced with stone, the centre, as in the case of the caissons, 
being filled with concrete. And at  the angles of the hexagonal pier were placed mx cast- 
iron base pieces, 2 feet in height, and secured to the pier by holdlng-down bolta passing 
through the two upper courses of stone ; and upon these were raised t,he columns. The 
arrangement of the foundations, the pier, and the base pleces m11 be best seen from fihptoa 
the plan annexed to this Report, which is taken from a drawmg in Mr. Law's report. anaezed. 

(27.) The columns, of whlch there were six on each pier, were all of cast iron and lhc  
hollow, the two outer bemg 18 inches, whilst the four inner ones were only 15 inches cobfm~u. 
in diameter each. They were budt up in tiers or sectlous, those on piers 28 and 
41, where the higher and lower girders met, conwsting of six hers, whilst those on 
all the plers from 29 to 40 inclusive consisted of seven tiers. Each tier was attached 
to the adjoining tiers, as well as to the base pleces, by elght screwed bolts, l+ inches 
in diameter, passlng through holes in flanges cast wlth and at  either end of each 
sectloll of columns. As to the thickness of the metal in the wlumns, wh~ch appears 
to have been altered dunng the progress of the work, we shall presently have a few 
words to say. The columns, a fk r  t h w  were erected. were filled with coucrote, not 
Indeed with a view of addlng to their strength, but to prevent internal corrosion. 

(28.) To prevent the columns from buckling or bendmg they were braced together The strulr 
at  every joint by wrought-won struts and ties The struts, which were horizontal, W. 

consisted of two channel irons, placed back to back, mhich were secured at  each end 
by l&inch bolts passing through lugs on the columns.* The rectangular openings 
thus formed by the struts and columns were stayed diagonally by flat tle bars, 
4+ inches broad and half an inch thick The upper ends of these tie bars were 
attached in -  the same way, as the struts, to lugs cast on the columns; whilst the 
lower ends were secured between two iron plates, 44 inches by Qths of an inch thick, 
called slmg plates, by gibs and cotters,+ the lower end of the sling plates bemg 
attached- by  bolts to lugs on the columns. 

(29.) At the end of each her or section of the columns, except where they rested on The r p ~ p t ~ .  
the base pieces, m m  an inner projecting rim or spigot, about three-quarters of an 
Inch deep, so as to allow each section to fit into the one below i t ;  t h ~ s  also, we are 
told, was not done ~ i t h  a view to give any additional strength to the columns, but 
simply to.prevent any sliding movement of one section over mother. 

,.- (30J They-.is another point in connexion with the columns, to which it is also 
I.,:iiipoirtt$ t+,call attention. The six columns, of which each pier consisted, were g u h  

-dlvidcd ilito.. two triangular groups, composed of one outer and the two next inner gezpd{ 
.'columns; and upon each group of three columns was placed a wrought-won L-shaped L girder, havlng its two ends resting on the inner columns, and its angle on the outer P*. 

By.the term "lags:' which in the Smkb word for "oars," are here meant projectmg pieces of iron, 
placed on the outside ot the ralumn, and in the angle between the Bwge and the shaft; they weve cnst w ~ t h  
the columns, and had thew bolt-holes ready mnde, as they iasued from the mould. 
i The p b s  and catters referred to consisted of wedge-bhaperl yleceu of iron, passecl through ahta both ~u 

the sling plated sod m the lower end of tie bar, and whlch, when d w e n  home, wived to tighten up thc tie 
bbr, knd thus to bring the prow hrnclng 10 its bcar~ngs. 
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crjlunin. Oeg,. ' too, to the inolination, or ae it is taohniaslly called the bamr, of 
12 mnhesgiven to each of the columns, that of the outer columns being towards the 
wntre m a plane a t  right angles to the line of the bridge, that of each p a r  of inner 
columns towards each other in a plane in the line of the bridge, the tops of the columns 
in each triangular group were brought somewhat closer together than the were at i their ba9es; whilst the two groups were aa far apart from one another at t eir tops 
as they were at their bases. There wae, moreover, no mnnexion between the two 

- L girders, so that each of the piers on which the bridge was supported may be said to  
have consisted of two three-legged stools, having no connexion with one another, 
beyond the ties and struts, between the inner columns, of which we have spoken. 

I+gttudyl (31.) TO complete the descr~ptlon of the bridge, i t  should be stated that upon each 
- gvdws. ; of the L girders there was a wrought-~ron cellular girder, runnlng north and south 111 

the line of the bridge ; immedmtely above which were thc lon~tudmal  latt~ce girders, 
fonning tho sides of the bridge. And, as this cellular girder lay in a h e ,  equidistant 
from tho centres of tlic three columns formmg oach triangular group at thew tops, i t  
mill be seen- t h a ~  tke whole of the s~pe~mcumbent weight was borne equally between 
the two outer and the four Inner ones, clack of the outer columns thus bearing double 

c . -,the weight of any one of the inner columns. 
.. 
-. 
i @+r*. ? (32.) Upon the upper s ~ d c  of the cellular gwder above referred to was bolted a 

m;?ssive cast-iron plate, a similar plate bemg bolted to the under s ~ d e  of ths 
longitudmal~lattice girder of the bridge; and between these two plates were placed 
the cast-iron rollers refcrred to above, each 5 inches in d~ametor and 2 feet long, and 
with flanges of thrce quarters of an inch deep ; except, of course, where there was a 
fixed- bearing. when the long~tudinal latt~cc girder was attached d~rectly to the cellular 
girder by screwcd bolts. 

(33.r Let us now see what was the condition of the bridge immediately after the 

. - 
amdent. , 

The ~ a + e t ~  (34) b d ,  first, as regards the girders. These, it seems, were lying in the bed of the 
river to -the east of, and at some distance from the base of the piers, harmg tuned  
over on their s~des, so that what had been the east slde was now the bottom, the west 
side forming the top. I t  appears from a plan, which was put in by the railway 
company. and which ail1 be found m the Appendix, that the girder d ~ d  not lie in a 
straight line, but that the three bections, of which it was composed, formed three distinct 
arcs, 6 t h  their concare sides t o ~ a r d s  the plers, being nearest to the piers at the 
expansion joints, and furthest from them at the fixed bearings. Thus a t  piers 28,33,37, 
and 4l,,vhere there were expansion joints, the distances of the gwder from the piem 
mere respectively 22 feet G inches, 21 feet, 25 feet 6 mches, and 23 feet; whilst 
at piers 31, 35, and 39, where there were fixed hearings, the distances wepe 
re6pectively 42 feet 6 mches, 51 feet, and 44 feet 6 mches. At the intermed~ate roller 
beanngs the distances nerc something between the two, the only cxcept,~on being 
opposite to pier 29, where the d~shnce  from the pler Was only 16 feet, a not 
un~mportant fact to which we shall presently hare occaslon to allude. 

1 
. "p't;y (35.) Secondly, as regards the plers. There was nothing to show that there had 
; @ndwlun1". been any movement or settlement in any of the foundabons ; but the joints of 

the mas~n.<~-.of- the- hexagonal piem had in almost every case been severely shaken, 
and in:-tyv~$!n&noes the-two upper causes of stone on the west side had been wrenched 
0fYand~ti1Cd.u~ on d. It %as, however,:to the columns that the greatest injury had 

.lie& done: a- these, from pwrri 29 to 40, haid been entirely carned away, with the 
excepbon of the two lowest tiers on 29, and the lowest on 30. In almost every 
Instance the bolts, wh~ch held the coIumns to their base pieces, as wcll ae those, 
wh~ch attached the several tiers to one another, were broken, and the tiers lay some on 
the picrs, but most of them in the bottom of the river to the eastward of the picm. 
In agreat many instances the whole or portions of the flangm had been broken off, 
sometimes carrying with them part of the shaft. What however wee chiefly h be 
remarked, wart-that the cast-iron lugs had almost all broken, whilst the wroughtlmn 
struts and ties for the m o ~ t  part remained unmnjured. This WRU especially noticeable 



on the pliers left stagding a t  the two extremities, namely Piem 28 and 41 ; where 
the'liugt-on the sides, facing the fallen girders, were almost all broken, and the ties, 
which had held the two 15-inch columns toget.her, were hangmg loosely from their 
ends. 

(36.) Thirdly, as regards the train. This consisted of the engme and tender, a third- 2% Prm.  

class carriage, then a ht-class, then two third-cl=, then a mud-class, and lastly 
the guard's- van. Of these the engine, the tender, and ithe four first carnages were 
found in the fifth or last span of the first section of the high girders, whilst the 
seconddam carriage and the guard's van were in the fourth, but close to its junctron 
with the fifth span. The engine and tender were on their sides, as well ns the last 
m e a g e  and the guard's van; but the four intermediate carnages were standing 
upright on their wheels, having, it is supposed, been floated after the accldent by the 
air enclosed by the roofs. 

Causes a s s i g d  fw the Camalty. 
. - .  . (37:-)' The next question to be considered was, to what causes the fall of the 

bridge was to be attributed. 

(38.) And first i t  may be well to state what are the views entertamed by thoseinost the 
deeply interested m the w e ,  the company, the engineer, and the persons chiefly con- ru~ttes 

cerned in building the bridge. It seemed to us that these gentlemen had a right to lllterrd'u'. 

haw their views fully and clearly stated, and their arguments carefully weighed and 
considered, for none could know better than they the nature and character of the 
strt~cture. 

(39.) We accordingly addressed:a letter to the company, asking them to what causes c ~ , " p f i y ~ s  

they-attributed the fall of {,he bndge; and m reply we were informed in a letter dated WWJ. . " 
, the 12th o f  March last that, " apart from the overpowering violence of the wmd." 

- they-wei-e "not yet aware of any circumstances which in themselves would account 
for the disaster." Up to this time, then, the company were under the impression 
that the fall of the bridge wae due to the violence of the wmd done; and t h ~ s  was 
the conclusion, to which they had come, more than two months after the casualty 
had occurred, during which tune they must have obtained full knowledge of all the 
facts, and have had ample opportunities of conferring with Sir Thomas Bouch, and 
the engmeers and o5cers of the line. 

(40.) On the 22nd of Apnl following Mr. Grothe, the resident engineer and manager '+fr. GwYe'a' 
for the contractors during the whole of the operations, was examined, and on being O~''N'm'~ 

.asked what in his opinion had caused the fall of the bridge, he stated that in all 
probabilitjr, when the tram was on span 32, the end of the girder at the expansion 

' -joint over .pier 33 had been lifted off its bearings, and having been blown .off the top 
-- .of .the.pier, i t  had come down smashing the pier below it. Everything, he said, pointed - 

to what he-had " heard called a simple smash, something falling from the top, and in 
its fall crushing everything below it; " and that this would have happened, no 
" matter what that pier had been made of, if it had been made of steel from top 
" to bottom." I t  is not very easy to follow Mr. Grothe's reasoning; but what we 
understood hlm to say was, that the acoident was not due to any want of strength 

-in the piers or their faatenings, but to the end of the girder at the expansion 
. jo@--ha+ing- been blown off the top of the pier, and to its then comug down 
. sm~sking;eve~thing below it. But it might be s a ~ d  in reply that, befora th. could 
'have hippixie the permanent way must have been fractured a t  that pomt, the 
-pei-ikanentS way being continuous, although' the girders are disconnected a t  the 
-0xpaniion jo.@tts; and that there is nothing to show that the permanent way had 
'beenbbroken 'at any of the expansion joints. Moreover, if the bridge had fallen m 
the way he supposes, by the end of the girder being blown off the pier a t  the 
expansion joint, and coming down, smashing the pier below it, me should naturally 
expect to find it, if not on, a t  all events near the base of the piers; but, instead of 
this, it is at a conaiderable distanoe from the base of the piers, in one place no lees thau 
51 feet from it. All, however, that we need say about Mr. Gr6theYs thepry is, 
thag it seemed not to have found much favour with any of the witnesses who followed 

' W ; f o r  none of them were prepared to support it. 
~. . ~ 
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! % ~ b & r  (41.) M& C+'f&t&e, m I have smd, gave his evidence on the 22nd Apnl; and on 
"&@h'a .~ . . the 30th of- the same month we have a new theory set up. On that day Sir 
9M"n' ' Thomas Bouch waa examined, and in answer to a question put by Mr. Bidder, 

what in his opinion caused the fall of the bridge, Slr Thomaa replied (Q. 16,798) : 
'* Well, I have thought a great deal about it very anxioudy, and my own opinion is 
*' fixed now ; that it was caused by the capsizing of one of the laat, or the two l& 
" carnages,.that is to say, the second-claes carriage and the van; that they canted 

over agarnst the girder." Sir Thomas was subsequently aaked by the court to 
-explain more fully what he meant, and he then gave the following evidence :- 

17,186. (The Cmnnrrsawner.) You have told us that you think the cause of the aeerdeut wm the tram 
wmrng rnto eolliaon with the gnder, with these tre+ I suppose?-Yes, I think i t  was mused by those 
two thrngs,-rug into colliaon wrth the ties oud berng caperzed by the wind. 

17.187. You do not mean that it came mto colhion with the boom, you mean that it m e  rum coll~sro - . , - - . . - . - - . 
wrth one of these ties ?-Yes, 1 think so, with one of the grrder ties 

17,189 Yo you think thn: thc mere breaklug 01 any one of these tres of the grrder would bo auffic~en 
to brrng it-down?-I do not know that the mere bleaklug of any one of them would be e n f i ~ e u t ,  but therr 
are serernl strutd and ues where th18 wond-clwb carringe ~lnd the van wem found, and I have had the whole 
&ng ssorre?ed a d m u l e  rnto a plan. 

-17,192. Do you think tbat taktng away t n o  of these t ~ e s  and struta them would be sufficrent t o  bnng t L ,  
bridge down ?-Most undoubtedly, w ~ t h  that mud. 

17,193. P u t  the wmrl mde. Do you thrnk thnt the breaking away of two of thobe t ~ e s  and strut. would 
be sumcient to bnnz  tlre brrdge down >-Yes. 

17,194. By cnttrng them thtonph Do you thrr~k thdt tlrnt would 'h sufficient to b ~ r n g  the br~dge down i 
-1 do. 

17,193 Yo~r tlriuk, ileretb~e, tl~nL t lw lrrdgt- \v* ao conatrucl8d that, if oue or two uf these t,wa ga le  
way, the whole of tlre bndge Iwtween the hrgh gtcdera would come down ?-I thruk so, t h t  I* 10 say, if you 
cut them 

17,196. So conntrnctnl thkt i f  one or the other of these ken gave  ay ?-l do not know ILS to olre, but 
certslnly two 

17,197. If two of them wrne down, the whole length of the budge between the 111gh gudora w o u l d ~ ~ m e  
down ?-Of course the ,mrder ccnrrng down .etids thc pier duwo, nod t h y  all go onr aOcr the othm like. 

&.-POIC'S,~ (42.) Slr Thomas Bouch gave hms evldence on the 30th Aprd and tbe 3rd of May, 
@h. '.i and on the 5th an entlrely new theory is started. On that day Dr. Pole, a gentleman 

of considerable ~clentific attamnments, who has throughout these proceedlugs been Sir 
Thomss Bouch's confidential advlser, having been present and heard all the evldence 
given at  Westmmster, was exammed, and on being aaked by Mr. Bidder, " What would 

you say was more probable as bemg the expl~cable CaU.88 of what happened to 
" the Tay Bridge ? " he replied :- 

18,607. As I wunot 1111ulc that a aLirrca1 iotee would hale broke11 down i l e  budga,-.uiy stnt~cal force that, 
tar m I know, could come apon if-I t h ~ n k  the rupture must hnve beeu caused by the super~dd~tron to the 

statreel force already exlstrng of aomethrng 11L.e a shock of aomo kind The hrrdge had been already strained 
~ ~ n s i d e m b l y  by the wrnd, as  uobaiy den~es;  and if I am right m herug unable to find m y  stslical force 
thatwas sufficrent to ruptwe it, I mu only coudude that there must hare been somethir~gsuper-added. and the 
moat reasonable suppob~tron to my mrnd a that that somethrng ahould have beeu m the nature of a shock, 
and I am led in a grent measure to t h ~ n k  that thrs 1s rendered probable by the faet whrch struck me a t  the 
very first moment I looked at the brrdge, and that is, that it is almost uor%ersally the cant iron that has bone, 
and not the m u g l t t  irou. I do not know the detnils, but the fact impreme1 rtself very strongly upon my 
mmd, tbat in all easer, tlreae tres hnve broken by a mptul% of the cast iron aud not by any frwturt. of the tres 
themwlves, and stnce we know that eaat non g~ves  way so much more read-ly under shocks than xronglrt 
won, and wrll rests statrcd preswre very well, it occurred to me, as an explauat~on worthy of eons~derntron, 
whether there m ~ g h t  not have been a shock rn nddrtron to the statical strarn which bloke those lug8 

(43.) That the theory set up by Dr. Pole was really quite different from that started 
by SW Thomas Bouch is clear from the answers, which he gave to the following 
questions, put to h ~ m  by Mr. Bidder :- 

: ~ ~ 1 8 , 7 ~ , ~ ~ $ 1 ~ ~ ~ ~ < d $ 1 e . n d  4 e d  you youroprnton sb IQ whetha the second-class c+Tiage,.if pr6jected agarnst 
rthe~leeward'~i~er~wouId~bri:akak~ostmts,~d~you~d that pou doubted whether i t  i*ould bFehk them altogether 
a ~ 6 f ' ~ b ; i i t t ; l h - ~ o S f f O ~ r ~ a t ~ o n s  as regards the Impact of those mesn'iages as a shock upon the b r ~ d  
606ueceasairl~ '%time that the struts were destroyed, d d  you ,--Oh, no. 1 rather based my 1 fic, en of the dld 
ehock on the eipqndrturo of au muo in a lateral d~rectjon on the cuetern g~rders, and I dtd not attach 
much welght to the posmbrlrty of the t m u  brenkmg down the grrders. I do not thmk we hare errdence that i t  

us the grrders tbat gsre way. I would rather ruclme to the optnron that it wrts the pter that gave way. I d 0  
5 +think there is any evrdeu~e to ahow that the rder gave way first. Of coume the destruction of two struts l' i f  the girder would m e  it to gire way , but do not think there 1s evidence thet that took place, and I 
based my opmion thnt the camages m getting off the line might have cwsed the deatruct~on of the bridge 
&er upon the expendtture of the v18 *rva m a lateral drreetron on the enstern grfder by the forable -tmt 
of the two earnages m that drrection. That is suffiaent in my mmd to amount for tlre destruction of the 
per ,  and a t  the %me t ipe  it doea not ~nvolve the previous de8truchon of the girder. 



18,74f..(cdf?neZ.Yo@and) Transmitting the etfact-into the columns of the piers ?-Tnmemitting thc effects 
-'hw the mlu,mnaof. the piers. The arr mwr must hare been ext~nguishecl, and if a cons~dc~ablc poltloa of 
'it diwrted-agc&$t the eastward girdcl, I do not he8 how we UIII the conclus~on that it n~uht have 
noted upon the p1er;ln d d i t ~ o n  to and in the Eame d ~ ~ r ~ t ~ o n  1 5  tliu btram d l c ~ l y  ex~btlug from the wlud. 
Thnt wss the last straw (8 ye1y heavy straw), w l ~ ~ c h  may hnw ca11ec.d I thml;. thc f ix tu re  of thccc tlob I - 
do not go furthcl than tlr&. 

- 
18,748. Then, ot any rntc, I uu(k1etnnd that in whntmer vny thaw C I I U * ~  operated, tllc effect of tlrmm, 

and the first absolutely fatnl d e c t  upon the bridge, wns the brerknge of one of th? colun~ub uf the ~ I C I  '-l'he 
breakage of the he. I do not t lmk  the colunlns would go firs1 I bald, IU nnsnel tcr NI .  Trayner, t l m  K 
considered t h ~ a  thc weakest part of the structu~e (yoint~ng zl out), and I rollbldcl that thr\ nould he the fitmt 
thing to go ' 

18,749. D o t o u  thmk that the shock of a t l u - o n  thm part of thc p ~ d e ~ ,  a h ~ e h  dkl not de'l~oy tlre p ~ d c r ,  
would be eapal~lc of inipnrl~ng buch act~on to that lower tw o h  to Jeatloy ~t?-Yr., 11 11 a.\s timmlttcrl 
%must the eastwa~d ade, bemuse rt would cmtolnly then IN tilm.m~ttod through the e.lht~nrrl ~ I I ~ C I \ ,  dud to 
the picrs upon whwh tlre gndeni ~estcd.  

18,750.. (Mr.,ll!ddw.) Any lstelal prc%u~c, 01 rruylate~al blow upon t h c p r d c ~ ,  nlest nltrmrbtclq, nluet it liof, 
lwtraum~~ttsd'absolntely uod~mm~bhcd to the lmve8t pler ?-Yes, 11 m u 4  bo bo, tile amount oi L I ~  a r w  13 su 
101 gc. 

(a,) Without accepting Mr. Bidder's somewhat doubtful theory that auy lateral yre* 
sure, " or any lateral blow upon the gwder, must ult.amately be transm~tted rilr~olatt~ly 
nl&ni~<shrj-tci.the lowest pier," it IS clear that, what Dr. Pole means, is, that the 

.c&&iroi -1igs broke, m consequence of the shock givcn by the carnage8 comnlg 
gainat  -the leeward glrder, and that the colulnns belng thus left unsupported, the 
bridge fcll. 

(45.) On the following day, thc 6th of May, Mr. Stewart, a mathematician and an ,I/, . ~ t c n ~  

engineer, who had assisted Sir Thornas Bouch ill clel;ign~llg thc bridge, and who, n l ~ i o ~ ~ n ~ ~ l .  
like Dr. Pole, had been present and a(1vls111g Slr 'l'liomas Bouch throughout the l ~ o -  
ceedings, was exainmned, and he agreed w ~ t h  Dr. Polc as to the causes, which had led 
to tho fall of the bridge He was then asked- 

19,0(33. And gene~nlly do you q r v o  w t h  hi, o\~dcncc, and 1115 opinion, th l~t  ~t 1erp11(v1 ~ I I I U L I I I I ~ ~  morr 
t h ~ n  ;my stat~ml w ~ n d  preswle, thnt you could hale Cxpwtcd to colllc llpoil LIlc hldgc, to h r o  canwad what 
happeued on the n ~ g h t  of the 28th 1)ccrmtm ?-Ye*, I do. 

19,004: Do you also same 1 ~ 1 t h  I I I ~ I  that the <hock of two of the ~ R I I I I I ~ ~ S  pulng .rt the I I I ~  of 25 m1le5 
~ I I .  Isogr, rf they cumc into colhuon a ~ t h  the g~rder, fupelimposcd upon all the uornl.rl atrmls upon lllc b l ~ d g ,  
would-be ~ulliclent to f a u s  n fullwe '-l!e~ tn~lrly 

(46.) Nr. $tern-art havlng stated that "the pier gav3 way, not from a moment of 
'force, but from a sheering action," hc was asked by Mr. Barlow- 

19,349. You seem very pcwtrve thut it wnb U nlae~rng wtlou ; ~ 1 1 1  )ou tell ua why you thmh it p v e  wry 
fiwn a 3heenng m t ~ o n  ?-I tlunk a gnrc wo t ron~ u a h e e ~ ~ n g  IIL~IOII  ~ I O I I I  C Y ~ ~ ~ I I I I I X ~ I O I I  of tllc b~ldgc. I MW 

1, aucl ns DI. Polo r e y  d~htiuetly exphued, K b ~ l ~ ~ v e  the tlea welt the fimL t lu i~g to g i ~ c  WUJ. 

19,360. TIm lowe~ ttes L-I wnuot tell whwh of them. 
19,351. Thelower !lea w011ld bemore strained In proportion to their st~eugth,  would they uol !-The) \vouhl 

bc eomcwhnt mole stnuned. 

(47.) He was then asked by the court- 
19,368. ( TILC Cnmmustoner.) As I u n d e ~ d m d  )oa, you say yoa bcl~c\o that t lm usunlly war duc ic n 

-sheering nction rnused by the greet pressure of the w ~ u d  '-Yes 
19,869. -And ac t~ng  ull~mntel!. upon tile tles and breaklug thc t w ,  nud the11 l e m ~ n g  ~ I I P  mlumnl IIII-UP- 

portsd, an i t  were?-Breakmg first the tlea, and tlron lbe colamnb would h YCI y wenli, aud would go ourer. 
19.370. A s  it hhs been described, ns n pnw of ru le~s  ?-Yes. 

(48.) Here, Mr. Stewart, in @pealsing of the ties, evidently meant the cast-iron lugs, 
for he was asked- 

19,384. (ColnqelYollrr~rd to Lhc mtmas . )  I thought I u n c l c ~ s t d  ) u u  to q t h t  tllc firat par1 of t h c a l ~ u c t ~ ~ i c ~  
thnt, m yom mind,:gaw wnj wu-the lug '--Tlw first p s ~ t  ol'lhr pier tlint ~ I I \ C  1c1y. 
' 19,385. Then. thnt fractule of the lrgs rmm not due to m y  ahcmlug m l o n  thcle ?-'l'he~o 1s e coulu,~on 

..in,@.rms. The s l ~ e + p ~ g  netton is, in fnet, rho l u k ~ a l  act~ou carried d o m  to the base 
19 386,. Ihrnbi~cpklng of the actual frncture of tlre lug Itself, whrch I u~alrrstood you tu wy  www the 

:-pr&~k!,~eli; In y-Eu! i ,pinb~~, fird gave way; them was no s h e n ~ n g  action there, was t l ~ e ~ e  ?-That vius the 
&=I$< ofiwbst-is fnlled in%ngneenng sheer~ng action. 

':,IY;387 .S!W~t:not~n fact a duect p1111 that fractured thut ?-Ye*, it ww 
. .?19,888 Tbnt is d i i e ~ e c t  (tom what ib usually underztoal to br u. s h e c ~ i t ~ g  nettoo ?-It 14 the d i o e ~ n ~ g  o\cr 
o f  the whole p e r  that I am s p d ~ n g  of, not the shecnne aet~on on the lug. I am spcak~ng of the IntnxI 
force wh~ch IS unlfonuly leasted III every p ~ e l  fmm top to hottou, nnd whlch 15 trrusferled into n tena~le 
train on the ties. I t  18 engllreerlng dtfficulty. 

19,889. (The Conmnusionev.) I f  the luge had been stronger thm the tm, perhaps thffi nccidcut m ~ g h t  not 
have occurred?-I cannot sup t h a t  I think the force W& pat enough (I! my rlew was correct thnt t l ~ e  
train left the line) to have done a great deal more damage thuz deskvyrug the pler. 

19,390. But e t  any mte it r o u U  have been an element ot security, IE the lugs lrad k e n  bt~ongcr?-Or c o n e  
@err? is alaays a weakest p i u t  m erery structure. 

19,391. Aud that you cons~der to hnve been the weakeet po~ot?-I thlnk so. 
Q 2066. E 



on the pliers left stagding a t  the two extremities, namely Piem 28 and 41 ; where 
the'liugt-on the sides, facing the fallen girders, were almost all broken, and the ties, 
which had held the two 15-inch columns toget.her, were hangmg loosely from their 
ends. 

(36.) Thirdly, as regards the train. This consisted of the engme and tender, a third- 2% Prm.  

class carriage, then a ht-class, then two third-cl=, then a mud-class, and lastly 
the guard's- van. Of these the engine, the tender, and ithe four first carnages were 
found in the fifth or last span of the first section of the high girders, whilst the 
seconddam carriage and the guard's van were in the fourth, but close to its junctron 
with the fifth span. The engine and tender were on their sides, as well ns the last 
m e a g e  and the guard's van; but the four intermediate carnages were standing 
upright on their wheels, having, it is supposed, been floated after the accldent by the 
air enclosed by the roofs. 

Causes assiglted fw the Camalty. 
. - .  . (37:-)' The next question to be considered was, to what causes the fall of the 

bridge was to be attributed. 

(38.) And first i t  may be well to state what are the views entertamed by thoseinost the 
deeply interested m the w e ,  the company, the engineer, and the persons chiefly con- ru~ttes 

cerned in building the bridge. It seemed to us that these gentlemen had a right to lllterrd'u'. 

haw their views fully and clearly stated, and their arguments carefully weighed and 
considered, for none could know better than they the nature and character of the 
strt~cture. 

(39.) We accordingly addressed:a letter to the company, asking them to what causes c ~ , " p f i y ~ s  

they-attributed the fall of {,he bndge; and m reply we were informed in a letter dated WWJ. . " 
, the 12th o f  March last that, " apart from the overpowering violence of the m d . "  

- they-wei-e "not yet aware of any circumstances which in themselves would account 
for the disaster." Up to this time, then, the company were under the impression 
that the fall of the bridge wae due to the violence of the wmd done; and t h ~ s  was 
the conclusion, to which they had come, more than two months after the casualty 
had occurred, during which tune they must have obtained full knowledge of all the 
facts, and have had ample opportunities of conferring with Sir Thomas Bouch, and 
the engmeers and o5cers of the line. 

(40.) On the 22nd of Apnl following Mr. Grothe, the resident engineer and manager '+fr. GwYe'a' 
for the contractors during the whole of the operations, was examined, and on being O~''N'm'~ 

.asked what in his opinion had caused the fall of the bridge, he stated that in all 
probabilitjr, when the tram was on span 32, the end of the girder at the expansion 

' -joint over .pier 33 had been lifted off its bearings, and having been blown .off the top 
-- .of .the.pier, i t  had come down smashing the pier below it. Everything, he said, pointed - 

to what he-had " heard called a simple smash, something falling from the top, and in 
its fall crushing everything below it; " and that this would have happened, no 
" matter what that pier had been made of, if it had been made of steel from top 
" to bottom." I t  is not very easy to follow Mr. Grothe's reasoning; but what we 
understood hlm to say was, that the acoident was not due to any want of strength 

-in the piers or their faatenings, but to the end of the girder at the expansion 
. jo@--ha+ing- been blown off the top of the pier, and to its then comug down 
. sm~sking;eve~thing below it. But it might be s a ~ d  in reply that, befora th. could 
'have hippixie the permanent way must have been fractured a t  that pomt, the 
-pei-ikanentS way being continuous, although' the girders are disconnected a t  the 
-0xpaniion jo.@tts; and that there is nothing to show that the permanent way had 
'beenbbroken 'at any of the expansion joints. Moreover, if the bridge had fallen ln 
the way he supposes, by the end of the girder being blown off the pier a t  the 
expansion joint, and coming down, smashing the pier below it, me should naturally 
expect to find it, if not on, a t  all events near the base of the piers; but, instead of 
this, it is at a conaiderable distanoe from the base of the piers, in one place no lees thau 
51 feet from it. All, however, that we need say about Mr. Gr6theYs thepry is, 
thag it seemed not to have found much favour with any of the witnesses who followed 

' W ; f o r  none of them were prepared to support it. 
~. . ~ 
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!WTM&S (41.) M& C+'f&t&e, m I have smd, gave his evidence on the 22nd Apnl; and on 
"&@h'a .~ . . the 30th of- the same month we have a new theory set up. On that day Sir 
9M"n' ' Thomas Bouch waa examined, and in answer to a question put by Mr. Bidder, 

what in his opinion caused the fall of the bridge, Slr Thomaa replied (Q. 16,798) : 
'* Well, I have thought a great deal about it very anxioudy, and my own opinion is 
*' fixed now ; that it was caused by the capsizing of one of the laat, or the two l& 
" carnages,.that is to say, the second-claes carriage and the van; that they canted 

over agarnst the girder." Sir Thomas was subsequently aaked by the court to 
-explain more fully what he meant, and he then gave the following evidence :- 

17,186. (The Cmnnwawner.) You have told us that you think the cause of the aeerdeut wm the tram 
wmrng rnto eolliaon with the gnder, with these tre+ I suppose?-Yes, I think i t  was mused by those 
two thrngs,-rug into colliaon wrth the ties oud berng caperzed by the wind. 

17.187. You do not mean that it came mto colhion with the boom, you mean that it m e  rum coll~sro - . , - - . . - . - - . 
wrth one of these ties ?-Yes, 1 think so, with one of the grrder ties 

17,189 Yo you think thn: thc mere breaklug 01 any one of these tres of the grrder would bo auffic~en 
to brrng it-down?-I do not know that the mere bleaklug of any one of them would be e n f i ~ e u t ,  but therr 
are serernl strutd and ues where th18 wond-clwb carringe ~lnd the van wem found, and I have had the whole 
&ng ssorre?ed a d m u l e  rnto a plan. 

-17,192. Do you think tbat taktng away t n o  of these t ~ e s  and struta them would be sufficrent t o  bnng t L ,  
bridge down ?-Most undoubtedly, w ~ t h  that mud. 

17,193. P u t  the wmrl mde. Do you thrnk thnt the breaking away of two of thobe t ~ e s  and strut. would 
be sumcient to bnnz  tlre brrdge down >-Yes. 

17,194. By cnttrng them thtonph Do you thrr~k thdt tlrnt would 'h sufficient to b ~ r n g  the br~dge down i 
-1 do. 

17,193 Yo~r tlriuk, ileretb~e, tl~nL t lw lrrdgt- \v* ao conatrucl8d that, if oue or two uf these t,wa ga le  
way, the whole of tlre bndge Iwtween the hrgh gtcdera would come down ?-I thruk so, t h t  I* 10 say, if you 
cut them 

17,196. So conntrnctnl thkt i f  one or the other of these ken gave  ay ?-l do not know ILS to olre, but 
certslnly two 

17,197. If two of them wrne down, the whole length of the budge between the 111gh gudora w o u l d ~ ~ m e  
down ?-Of course the ,mrder ccnrrng down .etids thc pier duwo, nod t h y  all go onr aOcr the othm like. 

&.-POIC'S,~ (42.) Slr Thomas Bouch gave hms evldence on the 30th Aprd and tbe 3rd of May, 
@h. '.i and on the 5th an entlrely new theory is started. On that day Dr. Pole, a gentleman 

of considerable ~clentific attamnments, who has throughout these proceedlugs been Sir 
Thomss Bouch's confidential advlser, having been present and heard all the evldence 
given at  Westmmster, was exammed, and on being aaked by Mr. Bidder, " What would 

you say was more probable as bemg the expl~cable CaU.88 of what happened to 
" the Tay Bridge ? " he replied :- 

18,607. As I wunot 1111ulc that a aLirrca1 iotee would hale broke11 down i l e  budga,-.uiy stnt~cal force that, 
tar m I know, could come apon if-I t h ~ n k  the rupture must hnve beeu caused by the super~dd~tron to the 

statreel force already exlstrng of aomethrng 11L.e a shock of aomo kind The hrrdge had been already strained 
~ ~ n s i d e m b l y  by the wrnd, as  uobaiy den~es;  and if I am right m herug unable to find m y  stslical force 
thatwas sufficrent to ruptwe it, I mu only coudude that there must hare been somethir~gsuper-added. and the 
moat reasonable suppob~tron to my mrnd a that that somethrng ahould have beeu m the nature of a shock, 
and I am led in a grent measure to t h ~ n k  that thrs 1s rendered probable by the faet whrch struck me a t  the 
very first moment I looked at the brrdge, and that is, that it is almost uor%ersally the cant iron that has bone, 
and not the m u g l t t  irou. I do not know the detnils, but the fact impreme1 rtself very strongly upon my 
mmd, tbat in all easer, tlreae tres hnve broken by a mptul% of the cast iron aud not by any frwturt. of the tres 
themwlves, and stnce we know that eaat non g~ves  way so much more read-ly under shocks than xronglrt 
won, and wrll rests statrcd preswre very well, it occurred to me, as an explauat~on worthy of eons~derntron, 
whether there m ~ g h t  not have been a shock rn nddrtron to the statical strarn which bloke those lug8 

(43.) That the theory set up by Dr. Pole was really quite different from that started 
by SW Thomas Bouch is clear from the answers, which he gave to the following 
questions, put to h ~ m  by Mr. Bidder :- 

: ~ ~ 1 8 , 7 ~ , ~ ~ $ 1 ~ ~ ~ ~ < d $ 1 e . n d  4 e d  you youroprnton sb IQ whetha the second-class c+Tiage,.if pr6jected agarnst 
rthe~leeward'~i~er~wouId~bri:akak~ostmts,~d~you~d that pou doubted whether i t  i*ould bFehk them altogether 
a ~ 6 f ' ~ b ; i i t t ; l h - ~ o S f f O ~ r ~ a t ~ o n s  as regards the Impact of those mesn'iages as a shock upon the b r ~ d  
606ueceasairl~ '%time that the struts were destroyed, d d  you ,--Oh, no. 1 rather based my 1 fic, en of the dld 
ehock on the eipqndrturo of au muo in a lateral d~rectjon on the cuetern g~rders, and I dtd not attach 
much welght to the posmbrlrty of the t m u  brenkmg down the grrders. I do not thmk we hare errdence that i t  

us the grrders tbat gsre way. I would rather ruclme to the optnron that it wrts the pter that gave way. I d 0  
5 +think there is any evrdeu~e to ahow that the rder gave way first. Of coume the destruction of two struts l' i f  the girder would m e  it to gire way , but do not think there 1s evidence thet that took place, and I 
based my opmion thnt the camages m getting off the line might have cwsed the deatruct~on of the bridge 
&er upon the expendtture of the v18 *rva m a lateral drreetron on the enstern grfder by the forable -tmt 
of the two earnages m that drrection. That is suffiaent in my mmd to amount for tlre destruction of the 
per ,  and a t  the %me t ipe  it doea not ~nvolve the previous de8truchon of the girder. 



18,74f..(cdf?neZ.Yo@and) Transmitting the etfact-into the columns of the piers ?-Tnmemitting thc effects 
-'hw the mlu,mnaof. the piers. The arr mwr must hare been ext~nguishecl, and if a cons~dc~ablc poltloa of 
'it diwrted-agc&$t the eastward girdcl, I do not he8 how we UIII the conclus~on that it n~uht have 
noted upon the p1er;ln d d i t ~ o n  to and in the Eame d ~ ~ r ~ t ~ o n  1 5  tliu btram d l c ~ l y  ex~btlug from the wlud. 
Thnt wss the last straw (8 ye1y heavy straw), w l ~ ~ c h  may hnw ca11ec.d I thml;. thc f ix tu re  of thccc tlob I - 
do not go furthcl than tlr&. 

- 
18,748. Then, ot any rntc, I uu(k1etnnd that in whntmer vny thaw C I I U * ~  operated, tllc effect of tlrmm, 

and the first absolutely fatnl d e c t  upon the bridge, wns the brerknge of one of th? colun~ub uf the ~ I C I  '-l'he 
breakage of the he. I do not t lmk  the colunlns would go firs1 I bald, IU nnsnel tcr NI .  Trayner, t l m  K 
considered t h ~ a  thc weakest part of the structu~e (yoint~ng zl out), and I rollbldcl that thr\ nould he the fitmt 
thing to go ' 

18,749. D o t o u  thmk that the shock of a t l u - o n  thm part of thc p ~ d e ~ ,  a h ~ e h  dkl not de'l~oy tlre p ~ d c r ,  
would be eapal~lc of inipnrl~ng buch act~on to that lower tw o h  to Jeatloy ~t?-Yr., 11 11 a.\s timmlttcrl 
%must the eastwa~d ade, bemuse rt would cmtolnly then IN tilm.m~ttod through the e.lht~nrrl ~ I I ~ C I \ ,  dud to 
the picrs upon whwh tlre gndeni ~estcd.  

18,750.. (Mr.,ll!ddw.) Any lstelal prc%u~c, 01 rruylate~al blow upon t h c p r d c ~ ,  nlest nltrmrbtclq, nluet it liof, 
lwtraum~~ttsd'absolntely uod~mm~bhcd to the lmve8t pler ?-Yes, 11 m u 4  bo bo, tile amount oi L I ~  a r w  13 su 
101 gc. 

(a,) Without accepting Mr. Bidder's somewhat doubtful theory that auy lateral yre* 
sure, " or any lateral blow upon the gwder, must ult.amately be transm~tted rilr~olatt~ly 
nl&ni~<shrj-tci.the lowest pier," it IS clear that, what Dr. Pole means, is, that the 

.c&&iroi -1igs broke, m consequence of the shock givcn by the carnage8 comnlg 
gainat  -the leeward glrder, and that the colulnns belng thus left unsupported, the 
bridge fcll. 

(45.) On the following day, thc 6th of May, Mr. Stewart, a mathematician and an ,I/, . ~ t c n ~  

engineer, who had assisted Sir Thornas Bouch ill clel;ign~llg thc bridge, and who, n l ~ i o ~ ~ n ~ ~ l .  
like Dr. Pole, had been present and a(1vls111g Slr 'l'liomas Bouch throughout the l ~ o -  
ceedings, was exainmned, and he agreed w ~ t h  Dr. Polc as to the causes, which had led 
to tho fall of the bridge He was then asked- 

19,0(33. And gene~nlly do you q r v o  w t h  hi, o\~dcncc, and 1115 opinion, th l~t  ~t 1erp11(v1 ~ I I I U L I I I I ~ ~  morr 
t h ~ n  ;my stat~ml w ~ n d  preswle, thnt you could hale Cxpwtcd to colllc llpoil LIlc hldgc, to h r o  canwad what 
happeued on the n ~ g h t  of the 28th 1)ccrmtm ?-Ye*, I do. 

19,004: Do you also same 1 ~ 1 t h  I I I ~ I  that the <hock of two of the ~ R I I I I I ~ ~ S  pulng .rt the I I I ~  of 25 m1le5 
~ I I .  Isogr, rf they cumc into colhuon a ~ t h  the g~rder, fupelimposcd upon all the uornl.rl atrmls upon lllc b l ~ d g ,  
would-be ~ulliclent to f a u s  n fullwe '-l!e~ tn~lrly 

(46.) Nr. $tern-art havlng stated that "the pier gav3 way, not from a moment of 
'force, but from a sheering action," hc was asked by Mr. Barlow- 

19,349. You seem very pcwtrve thut it wnb U nlae~rng wtlou ; ~ 1 1 1  )ou tell ua why you thmh it p v e  wry 
fiwn a 3heenng m t ~ o n  ?-I tlunk a gnrc wo t ron~ u a h e e ~ ~ n g  IIL~IOII  ~ I O I I I  C Y ~ ~ ~ I I I I I X ~ I O I I  of tllc b~ldgc. I MW 

1, aucl ns DI. Polo r e y  d~htiuetly exphued, K b ~ l ~ ~ v e  the tlea welt the fimL t lu i~g to g i ~ c  WUJ. 

19,360. TIm lowe~ ttes L-I wnuot tell whwh of them. 
19,351. Thelower !lea w011ld bemore strained In proportion to their st~eugth,  would they uol !-The) \vouhl 

bc eomcwhnt mole stnuned. 

(47.) He was then asked by the court- 
19,368. ( TILC Cnmmustoner.) As I u n d e ~ d m d  )oa, you say yoa bcl~c\o that t lm usunlly war duc ic n 

-sheering nction rnused by the greet pressure of the w ~ u d  '-Yes 
19,869. -And ac t~ng  ull~mntel!. upon tile tles and breaklug thc t w ,  nud the11 l e m ~ n g  ~ I I P  mlumnl IIII-UP- 

portsd, an i t  were?-Breakmg first the tlea, and tlron lbe colamnb would h YCI y wenli, aud would go ourer. 
19.370. A s  it hhs been described, ns n pnw of ru le~s  ?-Yes. 

(48.) Here, Mr. Stewart, in @pealsing of the ties, evidently meant the cast-iron lugs, 
for he was asked- 

19,384. (ColnqelYollrr~rd to Lhc mtmas . )  I thought I u n c l c ~ s t d  ) u u  to q t h t  tllc firat par1 of t h c a l ~ u c t ~ ~ i c ~  
thnt, m yom mind,:gaw wnj wu-the lug '--Tlw first p s ~ t  ol'lhr pier tlint ~ I I \ C  1c1y. 
' 19,385. Then. thnt fractule of the lrgs rmm not due to m y  ahcmlug m l o n  thcle ?-'l'he~o 1s e coulu,~on 

..in,@.rms. The s l ~ e + p ~ g  netton is, in fnet, rho l u k ~ a l  act~ou carried d o m  to the base 
19 386,. Ihrnbi~cpklng of the actual frncture of tlre lug Itself, whrch I u~alrrstood you tu wy  www the 

:-pr&~k!,~eli; In y-Eu! i ,pinb~~, fird gave way; them was no s h e n ~ n g  action there, was t l ~ e ~ e  ?-That vius the 
&=I$< ofiwbst-is fnlled in%ngneenng sheer~ng action. 

':,IY;387 .S!W~t:not~n fact a duect p1111 that fractured thut ?-Ye*, it ww 
. .?19,888 Tbnt is d i i e ~ e c t  (tom what ib usually underztoal to br u. s h e c ~ i t ~ g  nettoo ?-It 14 the d i o e ~ n ~ g  o\cr 
o f  the whole p e r  that I am s p d ~ n g  of, not the shecnne aet~on on the lug. I am spcak~ng of the IntnxI 
force wh~ch IS unlfonuly leasted III every p ~ e l  fmm top to hottou, nnd whlch 15 trrusferled into n tena~le 
train on the ties. I t  18 engllreerlng dtfficulty. 

19,889. (The Conmnusionev.) I f  the luge had been stronger thm the tm, perhaps thffi nccidcut m ~ g h t  not 
have occurred?-I cannot sup t h a t  I think the force W& pat enough (I! my rlew was correct thnt t l ~ e  
train left the line) to have done a great deal more damage thuz deskvyrug the pler. 

19,390. But e t  any mte it r o u U  have been an element ot security, IE the lugs lrad k e n  bt~ongcr?-Or c o n e  
@err? is alaays a weakest p i u t  m erery structure. 

19,391. Aud that you cons~der to hnve been the weakeet po~ot?-I thlnk so. 
Q 2066. E 



Mr. b4err 'a  (49.) -On the same day Mr. Benjam~n Baker, an engineer of coneiderable srmnenoe, 
QPa&'. 4 was examincd, and he concurred generally with Dr Pole and Mr. Stawart, that it was 

the lugs which first gave way ; and in answer to questions put to him by Mr. Bidder, 
- said- 

19,433 You uoticrd, 1 th~uk,  when you were thcre, what lurs b e n  ~eferred  to by n good mnuy wntuessea, 
\I&.. that flw rrst-iron luga are mostly bioken ?-Yob 

19,434 1)oca that gwc trnv aidication to you1 m n d  N. to the lrntore of the f s ~ l u ~ ~  7-1 thmk it ~ud~cates  
I d t y  clcnrly thnt the weak point an, III the Ings. The Ing= l d e d  fint, and t,hoy would be peculislly l i ~ h l c  to 
h11 by lea\on of n bhork. R e  know tlmt the slightest .hock would hrcak a lug, of course. 

I9,43S Chven cast aud H  ought WOIL of app~oxi~nately equal teubilc st~eugth,  the cab1 uon would bo the 
Iual to Fa11 iuide~ s bhock, would it not >--Yes, of couise. 

(50.) And then he 1s asked- 
l!),l94 You, I belirve, h.\\ r had the o p p o t f ~ ~ u r t ~ ,  have vou not, of seeing the rnai kwgb on the g i d e t ~  and 

the other matter. ul~on 11 hie11 evldmrc has hrrn g w n ,  so thal )ou nie able to fonn an opiniou nw to whethev 
the) U P I P  don? b> thc orrrtuinti~g of the a r r u q e s  oi not, htrt iwsummg as a mattel of fact that the two 
l a~ . t  wrrutpa  of till. tlnui polng nt, adj ,  25 ~ e ~ l e s  m h o u ~ ,  cl~d owl tuln and iuu mto the leeward girder, 
mould the 5uddr.n nllr~tment of tbeii momentum, iu nddttioil to ihe no~mal  strarns e a u 4  h j  the storm upon 
the IN idge, i n  tour jud,~mcnt 11r n 41ork sofficiel~t to acw mt foi the fa~lure nf the h~ idge  7-1 do not thmk thst 
rvot~ld have hurt the g u d e n  at nil, but I can inlngine rliat in * rery high btntc of tensmu the lugs would a t  
~ l i a ~  tlme. with thcu pecuhm iiohl~ty to fail. w ~ t h  e compnrntrxely dight jnr, very prohrrhly fad wlth n very 
d1g11t shock 

19,495. (T/u Comrnissw~ie~ ) You th~lrk the legs volild f d  fioni the tlnnmitted ahock 4-Yes, ce~tainly. 
I < A I I  C M E I I ~  iuiagtnv that tile blow wns tinowuttnl to thr bottom of the pler, in the snme way thnt a man fslling 
on im torehend finetu~es hrs skull The shock i n  my opnion, wonld uut hui t the prders 

(51.) Mr. Baker then, in ansTer to questlonfi put to him by Colonel Yolland, gives 
the Eollomng emdence : he 1s asked- - 

19.5iO Supposing, f o ~  Instnnee. !o~r hnd plncml roewelf nt the centrc of ontt of these 245 feet spsnb, sutl 
cut the two cmmal lntt~ce bar- in tuo, do \OII rmqine that tho bridge would hsve come down?-Ceilainly 
o t  U 1th111 the lost ~ I V L ' I \ C  rnonthr I hwl to t~gl i te i~  up tho w n t ~ e  ci~agonals of a budge of about thlb #pun, 
w h d ~  were pe~fwtlp 4ick 

1 . 1  Wonld juu go .U t:u n. to m y  ~ h n t  if you rut  the two rentre lattice l ~ n i s  in ench grder,  ihst 
wcwld !lot h ~ i n g  it down L-'l'hal would not brmp 11 d0w11 I will tell you what I hme donr. I- hsrc  
iuu o\rl a prde r  upon nu e u g m  with erer? one of the n e b  lolnta unl~vrted 1 d ~ d  eot know it nt the tune. 

(52.) It 1s needlem to say that to have " ever1 one of the web jolnthl unnvetod " IS a ' 

very different thing from havlng two of the lattlce ties and s m t s  cut. 
(53.) Labtly, he was asked by Mr. Barlow- 

19,572. You hnre told i s  that )ou nttribnte the eomlng down of the l~nduet  to the givtng wn of s lug ,  but 
vhat  made the lug g m  w q  , nos it urdue p r e s w c  of the nmd, or do you attribute it to a s g ock or ~ n r  >- 
I thmh lint undue pw9ur r  of wind alone, becnuse my o p ~ n ~ o n  19 that. tslr~ng the streugth of thr hndge upon 
the bsu. of 311 Kirlir\lcl!'s rryerlnmntq thcrr u r h  a [actor of sufrfj of hotwecn 2 nnd 3 ,  nud theieEore I Lhmk 
thrie wns n pretty wic ie  stlain upon the lug, nnd then there wna souie p. 

19,5i3 Sucb ns would be occns~oaetl by nhnt '-It ni~gbt be occasioned, 116 h& been snggpstd, by the 
t i a o  .t~lkrug the p ~ r d e ~ .  

9 c Commrrsmnei ) 0% it mlght ha\e  been from defective work?-It mlght be from a thousand 
- t lnnp 

.. ... 
F6rcc.1 (54.) It will thus he seen that nccord~ng to those most nearly concerned in building 

-?legpdfh the bntlge, and their advisers. two, and only two forces am alleged to have caused its ham awed- .-*+",$,&. -fall. uamcl~; the n-md, d i c h  all admlt was apnme factor in brmging about the acc~dent, 
and the bhock by the tram stnking against the glrder. It may be well, therefore, -to 
see what eevldence there is that the train ever dld strike the leeward girder before the 
bndge began to full ; and, if it did, whether it m any way contributed to the,accldent. 

. W ~ C C ~  'i (55;).  The theory, that the train contributed to the fall of the bridge, proceeds of 
ieim" F"' cdurse on-the nssumptwn that the southern sectlon of the high dere, in which the ,-fir8t P 

- tram.was found, fell first. If the northern or the middle section fe first, the tilting of 
=. - 

r 
the trmn-agamst the girder, even if it did take place, could not have been the cause 

.-- -> . - -  -. . .of the fall of 'the bridgc. If indeed we could asoerbam with oertginty in what dire- 
- t~ons  the rails a t  the expanwon joints over piere 33 and 37 were bent, we should 

know of course, which uechon fell first; for if we found the rails a t  the southern ends 
of the middle and northern sections pulled over to the east, we might safely conclude 
that the southern section had gone first; on the other hand, if the rads a t  the northern 

. ends of the middle and southern sections had been pulled over to the eaat, we should 
= .  

- -know that the northern section must have gone first. We therefore directed that an 



&mpt should~be - d e  to raise the girders at these two points, and that photographs 
thereof-8hoddibe taken and sent to us. Unfortunately, however, the ends of the 
girders '-at these -two egpansion joints were found to have been so much broken up, 
that. it  -was not poss~ble to determine the quest~on w ~ t h  certainty. Only one plece 
was raised ^m a tolerably perfect state, the northern end of the m~ddle sect~on at thc 
expansion joint over pier 37 ; and from the photographs, whxh have been sent to 
ue, the rails there certainly appear to have been wrenched to the eastward, thus 

-favouring, as far as ~t goes, the idea that the northern sect~on of the high girders fell 
firnt~ 

(56.) The evidence of the eye-mtnesses of the occurrence was also not quite conclusive Eodcser 
on the point First there was Mr. Alexander Maxwell, junior, who toltl us thut, when ?f @ye- 
the bndge fell, he saw three distinct flashes, and that these seemed to be travcllmg from 
the south to the north, as though the southern sectloll had fallen first, draggmg 
the other two m succeaslon after i l .  On the other hand, there was a Mr. W~lliam 
Abercrombie Clark, who saw the accldent from very nearly the same spot that Mr. 
Maxwell saw it, and who also speaks to three flashes, but he says that t h y  were all i~t ,  
the extreme north end of the prders Next we have Mr. W1111am Robertson, an 
engmeer, and-ex-Provost of Dundee, who told us that he saw "two columns of spraj-, 

-brilliantly illummated," somewhere between the summit of the bridge and the north 
end of the high-g~rders. and consequently at the northern sectlon. Last1 , we have B the evidence of Mr. Peter Barron, a carnage inspector in the employ of the aledonian 
Railway~Company, whotold us that he saw the hghts of the train 011 the " southernmost 
part of the high-glrders ; " and that, when they were some two or three spans f rou  
the southern .ell& of the g~rders, he observed a port~on of t,he g~rde r  at about one or 
tGo spans from the north end o down, then shor* after another portlon fell, and 
then the liglits disappeared. ff, indeed, this gentleman's cvidence 1s to be relied 
on, it is clear that the northern section fell first, then the mlddle, and last of all the 
eouthern sect~on with che tram upou it. 

(57.) Other circumstances also seem to favour the conclusion that the northern Wlm./bcra 
sectlon:fell first; for instance, all the sections, as mc learn from Nr. Law, appenr to be &+'"g Or< 

set about l8 inches over to the north shore, and the colu~uns also for the most part tiub purnl. 

incline m that direction. as though the fall had been m that d~rection. There 18 

also a fact connected with the speed of t.he trams and thc gradients of thc bndge. 
&.which we .shall presently have to refer, and wh~ch seems to point m that direction. 

A n d  if it really was the case that the northern section went first, there is an end-of 
these .gentlemen's theo6es that the fall of the bridge was in any way duc to tho tram 
having struck the leeward glrder. 

(58.)-It was Bald, however, that there are marks on the g~rder  which show that the . ~ ~ r k s  on 

train struck the leeward grrder before the br~dge begm to fall. It seems that Mr. 'hr. ' e ~ r J  
Thomas Napier-Armit, who has been employed under S1r Thomas Bouch's instructiom yUdp" 
to w s e  the fallen g~rders, having d~soovered certaul marks or mormgs on one of the 
lattice 'bars- of the leeward girder, Mr. Charles Ifelk, Sir Thomas Bouch'a ass~stant, 
W@ sent down to Dundee to examme and make a sketch of them ; and this sketch was 
brought in by hnn during the progress of the inquiry. Subsequently other lattl-ce 
b& with s ~ m ~ l p r  marks and sconngs upon them havmg been discovered, SW Thomas 

-Bduoh c@stfuotid, a plan, which he has forwarded to us m a letter dated the 27th 
-May ultKo, after the.conclusion of the examinatsons, and which he says confirms hls 
theory " that-at least the guard's van and the second-class carnage next it had been m 
" contact with the east girder, before the bridge fell." The plan shows a number of 
marks or scoringa on the inside of eight consecutive lat t~ce bars, wh~ch we are told 
formed part of -the leeward g~rder  immediately in the rear of where the train was 
found. The marks or scorings are parallcl, and cover about a foot of each lattice bar, 
Me' .lowest-being..about 1-1 feet and the highest about 12 feet above the llne of the 
:rW. - 'm,e,&re-;told, however, by Mr. Dugald Drummond, the locomot~ve supe&t(?n- 
dent ,jf t,&' -: 

.. .. 
& -  ,company, that the top of the second-class carnage, by which these marks 

'ak:-&ppose&@:ha?e ..- . . beem made, would be, as nearly as poss~blu, 10 feet above the 
?rails;- sbthat.it-is-somewhat difficult to understand, how it could, when the bridge was 
.upright, by bemg tilted aga~nst the glrder, i s  is suggested, have made these marks 
-dT ?wr@gs a t  a -height of from 11 to 12 feet above the rails. Moreover, to make 
.these marks .up_on- eight wnsecutlye lattice bars, the carriage must have passed over 
three bays or :openlligs, each more than 25 feet wide; and if the carnage was a t  the 
time leaningwith any force against the girder, we are a t  a loss to understand whj, 
seeing. th+t it:w&~i.ouly 22 feet long, it  did not fall through one of these openings; and 
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if i t  was not-leaning against the girder 6 t h  my for@, it ie equally difficult to 
underetahd-ho~- i t  could have contributdto overthrow the bridge. 

(50.) But-mipposing tbat the second-class carriage and guard's van did tilt, as is 
~uggestcd, aga~nst the leeward girder, 1s there any reason to suppose that it could 
hare donc ~t any harm 7 We were told by Mr. Dugald Drummond (Q. 18,183) that 
the second-class carriage was a very light camlage, very lightly constructed, and that 
it-mns lu fact the onlp light carriage "in constructron, and of itself, that there was 

--*c in tho train." To suppose then that the top of such a carnage could have done so 
much i n j u ~ , t o  the bridge, as to have caused more than 1,000 yards of i t  to f a l l l -pms  : 
in the highcstdegree ~mprobable ; we are rather disposed to concur with some of- the 
wltue~ses. whothought that it wonld have "gone off like match-wood," w~thont doing 
the ~hghteat ~n jury  to the gwder. 

! (GO ) And after all, what is the character of these marks or scorings, which we 
are told p w  eev~dence of a shock of such terrible force? Mr. Arrn~t was asked by 
-Mr. Bidder to descnbe them. and hm answer was (Q. 17,491), "They are black, and 
" in passmg your finger over them you can feel that there is more than the pint-- 
" that even- the iron bears a graze; there arc hard grazes, the heads of the rivets 
" are v e q  hardly rubbed : In passlng your finger over you can feel a dist~nct hollow; 
&'. and over the heads of the rivets there has been a v e g  hard graze indeed." Mr. 
Meik's-endellcc n s  to the same effect; on being asked by Colonel Yolland, (Q. 17,34l-), 

* '  Are the% scorings that you speak of indents m the iron ?' he answered, " Not bxactly 
'l indents; 'the p a ~ n t  is a11 scratched off. There are some scratches in the lron too, but 
" they arc not deep."-(Q 17,342 ) " A thlrty-second part of an inch, or a srxty-fourth 
" part of an inch ;-I did not measure them, but they are very shght." It is certainly 
inconcciya61e that a blov, which r a s  hardly more than suffic~ent to take the paint of,  
and n-hrclZ$frF-Neik .a ckil  engineer and a very competent witness, was not prepared 
to say had -scratched the won to the deptb of one sixty-fourth of an mch, and wh~ch he 
descr~bcd- as "very shght," should haw produced such results. It seems to us thal 
these marlis.or.scorings could hardly have been made, bcfore t,he bridge had begun to 
fall ; nnd that cven if they had been, they were not suffic~ent to have caused the fall of 
the brdge. - It seems more probable that thty were made by the train, after thc-bndge 
had.begun t o  fall orer. when the tram mould necessarily be thrown upon t.he leeward 
-gil?er<nd-not hav~ng yet lost all its forward mot~on, it would not unnaturally make 
such marks:as me see. 

(61.) I t : h s ,  -indeed, suggested that there r e r e  other marks lower down, whlch 
might havebeen made by the frame of the carnage, wluch is 'much stronger than tho 
upper part of it; and our attent~on was called to a photograph of the second-class 
carnage, mh~ch showed $he after buffer on the r e s t  s ~ d e  to have been much injured ; 
and it was suggested that this mlght have been done by the ya rd ' s  van, when the 
second-class%arriage was brought up by the fore part of the frame sb lung  the lattice 
a .  But if so, the fore p u t  of the frame, where it is supposed to have come agamst 

t h e  lat t~ce bar, should have shown marks of the collision, but it seems from the 
photogqqbs .to .be quite uninjured. There is therefore no reason to think that the 
frame of.&edca~age.ever came m contact with the girder, a t  all evcnts before the . - .  - 

. , . .. -- br~dge~b$+@ to fall. 
:, - s&ti>$ ' . (62.)- There'isalso the fact that, when the engine was found after the casualty, the 
- '' ien9zm.bhn throttle val+k>:w~ full open, the reversing lever " standmg m the sixth notch froni .: . tormd. f 

I " full foyyiarcl gear, or in the thml notch from centre " Now, if any part of the 
train had left the line or been tilted over against the leeward girder, as is suggested, 
before the bndge  began to fall, there can be Itttle doubt that the engine-driver 
wodd ha& s(.e<it, a6d have at  once reversed the enmne full s~eed .  so & to brine. 
&e.train ito r&t -as soon as poss~ble ; and. the fact thatvhe had n i t  done so, strongl; 

I-. 

C - - eonfirms,ns~ mdhe opin~on that the train .must have been in position on the rails, when 
, % '- . ,_- -- , 

, - --ttie,*br1d.'I6$6rbt-ge~an to give may. 
: ..1 .- - ... - .- r - - (6~~):%%<&ggcstion then that the train struck the leeward guder, before the 
..- . T- . 

A -= ; -. .bridge; beg&, to fall, and that even if it did, it would have contributed to its fall, 
,a- * S- ':::be~ijg:-in .. . . -our-.6pmion d~bproved, the next quest~on to be considered 1s whether the 
, >- - . ,--* 

P . 5  -.. -. .accidi3int~canffa~r1y be attributed to the violence of the gale alone. 

, , Wind l'renm~ree. 
i:: . . .&@e (G4.) In  a papcr prepared by Dr. Pole and Mr. Stewart, a t  the metance' of Sir ,:3;-z?!$* -- .- Thomas Bouch, which will bc found in the Appendix, and in w h d  the stab~llty of the 
:<+&&;;.% L 

, . - .. . >I . . . . -* ::. 2.- ;- 



bridge and its capacity to resist the pressures, which might be brought up011 it, arc 
very full~idiscnssed, we are told that "the ord~nary source, fiam which estimates of 
" the force of the wind have been umally taken, is the well-known tal)lc prcucn~cd 

by Smbatbn to the Royal Soc~ety in 1759, m h ~ c l ~  gweh a p l~wure  per qnare  foul 
of 6 lbs. for high winds, 8 or 9 lbs. for very high mmdu, and 12 lbs. for i~ stun11 
or tempest. There are," they say, " stdl h~gher fiprca for grcal 6tol%lh (11. 

" hurricanes, but it is stated that these are of doubtful antl~onty, and only : ~ J J J ~ )  

to tropical meteorology." They then proceed nu follo~w: "Referring to 111~ 
authentic records of wind pressure gauges in the heavlest storms that haw occui~ecl 
for maoy years, i t  ha8 been found that up011 very l~ in~ ted  u~~rfaces, and for very 

" lim~ted times, the reasuro of tlie wind does a~nonut somctnnc~h to 40 11)s per 
a quare  foot, or m kcotland probably to more Bnt the 111-11 111i,1101111~.. who 

have studied these gauges, have arrived at  :L coilfidonl o p l r ~ l o ~ ~  t11:it such l i ~ g l ~  
" pressures y e  only momentary, arislng from somc 11~reg111nl. 1r-1111hgs r~t the :m, 
'G ,wllich ettend to no great distance. And ~f it 1s conb~tlcred :M a p r c t ~ o t l  matter 

what a lateral pressure of 40 lbs per square foot really i11eans, md  ~r lmt  &ect it 
must produce, common exppnence must reuder it very donl)tful vvhethcr my xuch 
pressure can be sustained by objects ordmarlly osl~oscd to the mlud's x c t , ~ o ~ ~  " 

For these reasons, they say, "in des~ginng tlie bridge, a max~inum \v111d prciisurc wan 
-1' &used, :a;ct,ing over the surface of n span a d  pnr, equal to about 20 l b ~  per 
U square foot, (bemg more than double what Srnmton a.llowci1 for a very h ~ g h  nrnd ;) 
'(and the dimens~ons werc calculated for this prcssurc wlth the usual 111argtl1 of 
'' safety." 

(65.) Slr Thomas Bouch indeed did uot cnilorsc t l~o  p.trttemcnt of Dr. I'olc and *SW i"hon~us 
Mr. Stewart that "in des~guing the bridge, a maximum wind 1)wssure was asa~~~nct l ,  

acting over the surface of H, span and pcr ,  cqt~al to about 20 lbs. per scjuam 1V870S 

foot ; " €or ho told us in answer to questions put by Mr Trayner and by tllc C'ourr, 
(Q 16,939 and 16,940) tliat ~n dealg~llug the 1)ridgc 11e 1 1 r d  11ot i n ~ d e  any ,111olvance for 
wind pressure " specially." What d e e d  Sir Thomas Bouch's oplnion was, as to the 
mm~mom wind presmre, mhen he des~gneil thc Tay Urldge. we do not know. We are 
told, however,-that on the occasion of Sir Tl~onias hanng des~gneil a 11nrlge to cross 
t h ~  Flrth of Forth, the Astronomer Royal was appllcd to for ~ l ~ f o r ~ n a t ~ o n  as to tl~c. 
amount-of > n d  pressure, for which allowance bhonld be m d e ;  and 111 reply the 
,~ , 
Asbonomer'Royal ~. stated, m a letter dated the 9th of Aprd 1873, that, allhough "upon 
-U very l imi t3  surfaces, and for rery limited tlmes, the pressure of the wlud does 

&ount'sometimes to 401bs. per square foot, or m Scotland probably to more," y r .  
that, looking at  the character of that bridge, which was a suspension bridge w ~ t h  two 
spans of 1,600 feet each, the greatest amount of pressure, to wh~ch it !vould probably 
be subjected on its whole extent, would, in 111s opinion, not be moro than l 0  lbs per 
square foot. Sir Thomaa Bouch told us that, after the receipt of that Report, he had 
a " different Idea of the force of the wind " It 16, however, to be obaervcd that that 
%port 1s dated-Apnl 1373, nearly t ao  years after the contract with Nesars. De Berguc 
for the building of the Tay Bridge had been sigucd, so tliat, although it may h a ~ e  had 
somomnfluence on h18 mmd, mhen he was altering 111s plans, it  could have had none, 
,when he was designlug the bridge. 

(66.) Mr. Baker, q a m ,  who seems to have devoted much tline and attent~on to thc 111 Huher'a 

sibject of -d presburee, and who 1s also a c1r.11 engineer of emlueuct!, told us that for "ern. 

-the l& 15 years he had (Q. 19,480) "looked very carefully for evidenceof any structure 
" capable of stanhng an un~form pressure of 20 lbs. per square foot which had been 

blown  down^," and that he had never found n smglc instance; (Q. 19,467) tliat there 
were hundreds of buildings in t h ~ s  country. tha.t would be blown down m ~ t h  a pressure 
of 201bs. to the square foot, and miles of mall on the edges of cl~ffs ancl on o ell 
domnsiwhich would be blown down with R pressure of eveu 131bs., and +hch g X[ 
remained standing for 30 and 40 years ; and that in h s  opm~on tlie pressure over one 
span of the hlgh glrders could hardly have exceeded 15 lbs. per square foot, and he 
r idi~ided:~<mere idle talk the idea of " a  mind pressure of 40lbs. or anything lllie it." .. - 
-- (67.)No+it appeared to us that, iu order to arrive a t  a correct judgmeut as to M U S , , ~ , , ~  

:*ether thgviolence of the w ~ n d  alone could have overthrown t h ~  bridge, it mould be I O ~ J ~ P . I ~ *  

-well to obtain the best informat~on aa to the greatest known pressure of the wind, nut1 
to see how f i r  art agreed with the oplnions wh~ch had been expressed by Sir Tho~uas 
Bouch, Mr. Baker, Dr. Pole and Mr. Stewwt. We accordingly apphed to the 
Astronomer -Royal, to Professor Stokes, of Cambridge, and to Mr. R. H. Scott, of the 
Meteorological- Oflice, who kindly attunded, and gave us so~ue vcrr valuable t ~ t d  . .  
idte&iting-bdence on the subject. 
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.pmf~b&~ (68.) Accordmg to Professor Stokas, who hss given muoh attention to the aubjad of 
'*he#''! the motion of flu~ds, more perhaps than m y ' p e m h  m %hie country, there are two 
,HWS. measures of wind pressure, whtch it is most imporbant to dktmguish, but which are 
Hemres very fre uently confounded, and that very serious errors frequently result therefrom. 
dwq One of t ese pressures 1s that, whch would be measured by the he~ght  of a column of prcsavrv. R 

fluid in an mverted syphon tube, the mouth of which is exposed to the direct action of 
-the wind; this he called the " standard pressure." The other is the pressure on a plate, 
which can be measured by an Osler's anemometer-; what, he e l d ,  happens-in t h ~ s  case 
is that " the atr in passmg the edge breaks into eddies, which, mixing wii&:th@-afill-air+ 
behlgd, drag.~t  along." producing a partial yacuum behind the plaG. 'He told- th&-. 
it had been-found from experiment that thb pressure on a plate is much gea te r  'thah 
the.'. staudard pressure," measured h chstatically ; according to Sir Henry James i t  i~ 
1U(I per cent greater, but Professor Aokes thinks that it  would be safer, on an averagc 
of the best ~utlloritles, to take it a t  80 per cent. 

-7Mooty; of (69 ) Professor Stokes, howerer, told utt that it  1s much more common to measure . 
mnd. the force of the wind by its velocity, and that this is done by a Robinson's cup 

memometer, whlch registers the number of revolutions, which the cups make round an 
asls in a glTen time. He said that the usual practice was to allow a factor of 3 for thc 
relatio~l of the velocity of the cups to that of the wind, but that he thought that *c 
should not be far wrong if we took it a t  2.4. This would no doubt give a somewhat 
lower speed for the w~nd than that usudly recorded at, observatories and stations ; but 
eren \nth t h ~ s  reduction he thought that there was no doubt that velocities of 100 
m~les an hour were not unfrequently attained, more espec~ally in gusts 

.$:YJ (70 ) It becomes. therefore, very important to translate velocity into pressure, or 111 

other aords to aecerhn the relatlon subsisting between the velocity and pressure of thc 
se!oc:ty a d  
.+,,ed8,d,~ wind. Now Professor Stokcs told us that i t  had been found by expenment that n 

velocitv of 20 miles an hour gives a standard pressure of 1 lb. per square foot, 
that h i  had cplculated whdt it would be by theory, and that the results were almo~L 
exactly the same. And as the pressure varies with the square of the velocity, if n 
velocitt df:20':miles an hour gwes a shndard pressure of 1 lb. per square foot, a 

--velo& of 60.m1les an hour would g m  three hmes three or 9 lbs., and a velocity of 
. . 100 &lea :an! hour of five tlmes live or 25 lbs. per square foot. Th~s ,  howcver, 
. . would be.the--standard pressure. Sdding, therefore, 80 per cent. we get the pressure 

on a plate.f&a,-velocity of 60 mlles to be 16.2 lbs., and for 100 miles to be 45 lbs ; 
. or, accdrding to Sir H ~ n r y  James, 18 lbs. and 50 lba. respective1 

Durattnnl (71.) ProSsaor Stokes was pre~sed very st.mng1y by Mr. g tdder as to  whether 
such v~olcnt gusts as these, which would produce a pressure of 50 lbs on a platc, 

'afhagh 1 would no1 be only momentary, and whether they would extend over more than a few 
p s m c r .  feet in width ; but he answered (Q. 16,243) " a  very heavy gust m11 not be a merc: 

momentary thmg, though it will not be of any great duration ordmanly ; ~t m11 
sometimes go on- for two or t,hree m~nutes blowing very heavily mdeed." And a.+ 

regards ertelit Professor Stokes bhted that, when we hear of " a  heavy gust being 
confined to,%mery narrow track," he considered that " narrow" meant having a breadth 
.of a few- hnridred yards, of mh~ch he said there were many instances on record. 

, .  .',He added.&i&t"th6re would probably be a relation between the duration and extent of 
" ia ~+ir~.and.thus~one;which had lasted for ha@ a minute, would probably " extend over 

~:co~s~de~bl'e~spa~~-lat-kmlly." 
(72.) Thislvcrf-valuable and interesting evtdeuce of Professor Stokes as to thc 

force. the ilufat!on, and the excent of a gust of wmd was fully confirmed by the apmion. Astronomer,Ropl; who was then asked by S I ~  Thomas Bouch's counsel, how he could 
reconcile thst'oplniou with tlie oplnion given by h ~ m  in 1873, that the maximum 
pressure over the area oi one of the spans of the Forth Bridge would probably not 

: exceed l0 lbs. per square foot. Mr. Bidder contended that the term " very limited .- 
spaces" must mean a point or only a few feet, but the Astronomer Royal stated that 

.-that.wus no.1 a t  all h ~ s  meamng, and that it might mean 100 or 200 feet, or even 
;;6ofS.-and- t-hnt-in his opmlou you m ~ g h t  have a maxlmum pressure of 40 or 50 lbs. 
. ovei: an arda of7'245 feet, the extent of one of the spans of the Tay Bridge, but that 

~t d ~ d  not.necessanlp follow that you would have the same pressure over 1,600 feet, 
wh~ch was the length of one of the spans of the Forth Bndge. He said that the 
circumstances of the two bridges were qmte different, and that that had materially 
influenced his opmon; that the Forth Bndge, which ww a suspension bndge, might 
be pusbed on one side by a hlgh press=, and would, when the pressure was taken 
of?', return to its original position, without havmg sustained any injury; but that it 
+odd be yulte d~fferent with such a bridge as the Tay Bridge, standing, 8s he 



described it, " on high stilts," for if once blown on one side and out of position, it 
oould not recover itself, but must come down. 

(73:) Mr. Swtt, indeed, seemed disposed to put the velocity of the wind even nl., 1 'irotes 
higher than either the Astronomer Royal or Mr. Stokes had done, taking a factor oprruorr. 

, of .3 insteid of 2.4 given by Professor Stokes; and he ave Instances of some vcry 
violent storms, amongst others one that had occurred at  % aliner, where for a mdth 
of 450 feet to 700 feet it had carried everything before i t  He also told us that about 
the time when this bridge fell. the velocity of the wlnd at  Glnbgow and Aberdeen, 
-aa recorded by anemometers a t  those places, with a factor of 3, was for some minutes 
little, if a t  all,.less than 100 miles an hour, giving therefore. according to Mr Stokes, 
a standard pressure of 20 lbs., or a plate pressure of about 45 lbs. 

(74.) We think, therefore, after the evidence of these gentlemen, that therc can ~ ~ o 6 a 6 l e  
be no reason to doubt that there may be wind pressure8 of 451bs. a id  even 501bs 
in this country; and the d~fference between them and Messrs. Pole, Stewart, and Baker ;:$wI,esa 
is probably due to the latter having taken the standard pressure instead of the pressure 
on a plate; a standard pressure of 25 lbs. being. as we hare seen, equivalent to H. 
plate pressure of 45 lbs. according to Professor Stokes, and of 501bs. according to Sir 
Henry James. We may add that the ractice in France appears to be to allow 55 lbs 
for wind pi~ssure, and in the United E tates 50 ibs. And although there seems to be 
no.settled.practice in England on the subject., Mr. Brunlees told us that he allowed 
30 lbs. for wind pressure, and even Mr. Baker himself sald that he allowed 28 lbs. 

Storm of 28th Deeernbm . 
(75.) But although in rare and exceptional cases there may be a wind pressitre of 40 it* C/W- 

and even 50 lbs., and for which, therefore, it would be proper to provlde, it does not rach- 
a t  all follow that the gale of the 28th December last was a storm of that exceptional 
character. 

That it waa a very violent storm can admit of no doubt, for some of the witnesses 
speak of i t  as having been more violent than any that they had ever before experienced 
on the Tay. On the other hand one gentleman, a Mr Charles Clark, living on Magdalene 
Green, .near the northern end of the bndge, and who has been in the habit of uoting 
itnd registering the state of the weather a t  Dundee for the last 14 years, told us 
that during that time he remembered about four storms equally violent But perhaps 

-t.he most reliable information as to the violence of the wind on the evening m question 
1s to be found 111 the evldence of the officers of the tralnmg ship " Mars," whlch 
was a t  the time lylng a t  anchor in the Tay about three-quarters of a mile to the 
east of the bndge; and as the mnd at  its helgbt was blomng nearly stralght 
down the river, it may reasonably be expected that they would feel the full force 
of the gale Accordmg to Captain Scott, her commaiider, it was blowing a whole 
gale, with what he would call a force of 10 (12 being the maximum), and 111 the 
squalls, ha sad,  it waa, perhaps. from 10 to 11. He told us, however, that he had 
c;sperien0ed.more severe storms, even in this country, and one or two " quite eqnal 

 force in the last two or three years," during the tlme that he had been btationed 
.:in t heTay .  Captain Scott also told us that he had had a great deal of experience 

the West Indies and the China Seas, and that dunng hls career he had frequently 
iegistered storms of the force of 11 to 12, rely much more violent than that of the 
28th of December last ; as he observed, (Q. 1308j 'a there 1s a marked difference in the 
" registering, the higher you go in  figures, the more marked 1s the difference ; there is 
" a vastly greater difference between the figures 11 to 12, than thew is between the - 

" figures 9 and 10." Captan Scott's evidence was confirmed by Edwaid Batsworth, 
the Gunnery Instructor, and by Hugh McMahon, the Seaman Instructor, on board 

,?he .. "Mars," the two men by whom the log was kept. There was also'mother very 
.*competent witness, Admlral bougall, who spoke of the extreme vlolence of the gale on 
: t l k ~  .night in question ; and who told us that its force as compared with those 
-&hicb-he hakencountered in the China and West lndlan Seas, would be in about) 
t E  proportion of 75 or 78 to 100, or about three-fourths of their mtensir,y 

(76.) Whilst, then, we are quite prepared to admit that it was a very vlolent storm, 
there is nothing to show that it waa exceptiond in its character, or that it  had anything 
like the intensity of a West Indian cyolone or a Chinese typhoon. A storm, ~ h c h ,  
according to Captain Scott, had been equalled in its intens~ty b one or two others, 
~ h i a h  had omurred during the last two or three years, and accodng to Mr. Clark, by 
no less thag-four within his own memory, 011 h t  hardly to have overthrown a bridge 
m t h g  18 inofiths of its having been openet if only rwonable provision had been 
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taken agclbistit; . It becomes therefore important to ascertain what provision wae made 
against r i nd  -pressure, or, in other words, what amount -of lateral force would have 
been required to overturn t,his bridge, assuming it to have been properly constru'cted. 

Fwez ~ e p c ~ e d  to  owtzcrit the Bridge. 

(77 1 d c c o ~ d ~ n g  to Dr. Pole and Mr. Stewart, assuming the bridge to have been p m  
- perly constrncted in all respects, it mould have required, if not held d o n  at  its base, 

a laterai'force bfB4g-lbs. to the squarelfoot, applied a t  right angles to its direction, 
to haw-orei.tiirned it; and mth  holdmpdown bolt,s, from 60 lbs. to 70 lbs. According 
to Nr La+.$ forcc of a httle under 33 lbs. would ham been ~u5c1ent to overturn 
~t without holdingdown bolts; and wlth holding-do\vn bolts, rather more than 64 lbs. 
Theso estimates. ~t m111 be seen. do not differ very much, and it may therefore bo 
fan$ assumed that, if the bndge had been properly constructed, and in accordance 
\r it11 the plans ,and spec~fications, ir m-ould. have requ~red a force of from 60 1bs. to 
7Olbe a >plied d~roctly at nght angles to have overthrown it 

(78.) b e  -cPn see now n hy it \\-as that Sir Thomas Bouch's Counsel nas so anxious 
io *how th i t  the maximum wind pressure over thc area of olic of t,hcso spans must 
have hcen so ctniall, and thst. thr term "very l ~ m ~ t e d  surfaces" must have meant a 

. l ~ o ~ ~ t , - o r - a t  t.& most oiily n few fcct. and not some hundreds of fect,, which may well 
,be c~lletl a ? v e y  limited surfacc " con~parcd to the whole wldth of thc stornt. For, if 
the maxinnim wind pressnrc orer one of thcse spans was only 10 lbs to t . 1 ~  square foot, 
nnrl the- force rcqmrcd to ox t~tlirow the llridgc xas  from 60 lbs. to 70 lbs , we ~hould 
have 11;d a-factor of safcty of bctwccu 6 and 7, 15-h~ch woultl be a good margln ; and 
rwn  if the manmum prcssurc: was 201ba., thcre ~ o u k d  still be n factor of safety of 
orer 3 01; the other hmil, I£ the niud pressure over an entire span could ever be as 
much as 40 11)s. or 50 1bb.. thc margm of safety would be r~d~culoudy small, not a half, 
and the l~ndgc  from thc first would have hecii qiute unsafe, the usual factor of safety 
we arc told being 4 or 5. 

(79.) Aasum!iig, howerer. the bnilge to have been properly constri~ctcd, and to have 
lwe~rcapaljlt%f resisting a wnd pressure of GO lbs. to 70 lbs., it 1s (lifficult to sec how 
the \vmJ S I O J I ~  coultl haw overthromu it, even if it had been at  its maximum of 40 lbs. 
rtl-eyai 5ij:llis;!o the aquare foot. It would seem therefore that we must look to 
~omething-b~~6nil  the merc 11-iiid pressure to account for its fall, and this WC are told 
16 to be fouud in certain faults and defects in the construction. 

Charges': ( N . )  111 the conrsc of thc cxammatlons at  Dundee. charge8 of a very grave and 
#li conipronns i~~~ cliaractcr were made as to the quality of the iron, and the workmanship Dundee, 

at the Wormit Foundry, wh~ch ~t was necessary to inquire into, seeing that it was at  
the W o ~ m i t  Foundry that all thc column6 for the high prdera mere cast. And although 

- all .thesc charges mere not fullv established, enough has in our opinion been provcd 
I t~iL:ihow tligt there were defeftb introduced mto the structure, xhlch should never 

h a r ~  bee11 thew, and n hich certainly d ~ d  very seriously affect its stahllity. We will 
proceed to inquire what they rere, and whether they are not sufficient to account 

--'for the acc~deni. 
ieW~-- . - -  (81.) And first as regards the irou, whmh was s a d  to have been of inferlor quality, * nlid- from r h ~ c h  me arc told ~t would not be possible to obtam good cnstmgs. It seems 

that the ~ron=was for the most part Cleveland iron, scnt specially from Middlesbrough 
bv-Aiemrs.'. Hopkms, G~lkes, & CO , thc contractors. Like all Cleveland iron, it was 
$ore . slu&ish than Scotch, aud requlred to be ralsed to a higher temperature 
to &ke ~ g ~ f l ~ w - t r e e l ~ ,  without n hich it would be lmposs~ble to get good castings, 
c&-icii1aizlj:tln;:the lugs and protuberances on the columns. The result was that 
:It-:'~~aa;iiq~$p6~~la1* w t h  the Scotch workmen, who were accustomed to work . F -_ 
rw@;a=more :. cfi~ctile irietal, and they complained that a sufficient quantity of Scotch 
-scci;ap was not 'mixed with it. Even Xr. Beattie, the engineer, who had for some 
ilme the -control of the foundry works at Wormit for the contractore, seems to have 
thought ttiat the mtroduction of some more Scotch scrap would have, been desirable, 
and suggested that this should be done, but his suggestion was not acted upon. The 
result was that the iron, although shown by Mr. Kirkaldy's tests to be f a d y  good in 
qual~t j  , gave, owing to its blugg~sh character and to its not bemg su6nently heated, 
in many cases very defective castings. Thus, there were not ~n f requen t l~  found In 
the columns, what are called "cold shuts," caused by the metal becomrng chilled, 



before it had got round the mould ; so that, when the two upper edges came together, 
they would not unite, but left a longitudinal fracture m the side of t.he column. Scabs 
also merb -formed by the sand of the mould becommg displaced, mixlng nlth the 

:metal, and floating to the surface, leav~ng an unsound place in the column, wlllch 
- occaslonally seems to have been filled up mith lead or a mater~al called "Reaumo~it 

egg," a m~xture of resin, steel filmgs, &C. Owmg also to the flask or core of the 
mould having been allowed to shift, tlie colnmns were frequently cast of very uneqr~al 
thicknesses. It is true that many of the columns, m mhlch these defects cslsted. wcrc 
broken up,; some, however, were passed, and were ~ntroduced into the structure; to 
what extent i t  1s impossible to say, the greater part of the columi~s of the lngli prdertl 
being st11l;at the bottom of the nvrr. Therc is, however, conclus~rc c\-idciicu that soinc 
of %he fallen columns were very defectwe, having scabs and unsouud places m them ; 
and specimens were produced showlug the metal on one sule of the column to hwc  bcen 
occaslonally only 8tb.s of an inch thick, whlle on the opposite side it mas a* nluch as 
lsthu thick.. Indeed Sir Thomas Bouch adm~tted that there were sonlc of the 
col~l~nns, whch ho would not hare allowed to pass, had he known of the~u. Unclcr 
ord~nary c~rcumstances, where there is a Inrye margm of safety, such defects 111 the 
cast~ngs miuht not bc very important, thc margin of safety bemg i~~tended to co\er 
t11.em ; but ?n the present case, where the inargln of safety was absurdly s~nall, thcy 

- ...c ani~ot.altogether be overlooked. ...- . -.. - j82;)--Buth6as 111 the lugs more especially that the prmcipal defects cxl~rctl. 'I'llq ( h ~  hp. - were,-as-me have said, cast mith the columns; owlnp, however, to thc S ~ U E R ~ ~ ~ I I I C S X  of 
tho metal, it d ~ d  not readlly flow Into the pockets-or ho l lo~b  left to f& tllc lugu 
Thc cvnsqluence waa that many of the lugs came out in an ~mperfoct stdtc. aud 111 

some cases an at,tempt was made to " burn ou," as it  1s called, a frebh lng 1)y 
making a mould for the purpose, itucl pouring in a sufficient quirntlty of rnoltcn 
iron. It is o b ~ ~ o u s ,  howerer, that pcrfect cohesion between the parts could hardly be 
obtained m thls manner, for, as the mrtal cooled, it would necessarily &hr~nk, 1oa.vn1g a 
space bctween the lug and tlic flange, or betwcen the lug ailcl the shaft,, and there 

-was,smng evldence that this waa so. We were assurcd, howcver, that nono of the 
-colnmns,.cin-.ivhich lugs had been so burnt, wore introduced into tlic structuro; alrd 
that they had only becn used to raifie the glrders into poslt~on, and had then been 
wmo\,ed. 

183.)-But;it ivau 111 cast,~ng tlic.' holea," through wh~ch the bolts, wh~ch heltl the ends //o/,r rub6 

of the struts and t ~ e  bars, passed, that the reatmt inistakc was in ad^'. Thew  hole^ WHIW l* 
c ad  in the logs, and were already iuibd~, W % en they issuocl from the mould. TVc \\ere 
~~~~~~~~~~cvcrthat it M almost impocbll~le to pievent thc workmen from casting the holes 
conlcal, as thc cores can then bu inwe readily removed; and accorcllngly wo find that 
the holes 111 the lug6 were for tllo lnost part, if 11ot entirely. cast oonical. Tlic result n as 
tL%t the bolts, instead of having o plan surface to rest upon, as they would havc had, 
if the holes had been dnlled or made cylindrical by riiinng, or drilling, bore only 011 
one edge, and when a stiwn came upon them, they would of course gxe, untd they  go^ 
a lie;i'~~l-lne uuon tlie sides of the hules. That this was a defect. and a very serious - .  

?&$efedt, i&6-?a&iithl by Sir Thomas Bouch hmself m the follon-lng answek, whlcl; 
?lie gave to the- queshons put to h ~ m  by the Court :- . .- " -- . -5. : 1fii.5;. ( T h e  Commusruncr lu the /fii'llnrss). T u ~ i  101d us also tlint the bolt bole> ought 10 lrmu 11.d lhc ,S, r/ronros 
,' mica its. 7011 shy, perfectl) squale tr pnr.dlel *-The\ ought to hnre been. l~ouch's . - l i,13X. And 11 ?ou llwl known they s e r c  not, you wuuld hnm hnd thenl i~.ucd oi dr~llc~l?-I i?:~taialy rrl,f~,lcr 
' would. l'lolnbly l t  I l~nd known i t  enrlie~, bdorc innch of tbc bridge ivns O I I I I ~ ,  1 h u l d  IIRI-e 11dd thein & p o r ~ .  . 

squarecl-I n11gItt have hnd them rimed out, b.lt l wonld hnvc anlculated the erlengtll of the lug h lo re  I k x ~ n  
tu lahc-lhc metal ouL 

1:,139. When yov liad tliem cast, you could ! I . L I ~  lrurl the hale, w-t rathe1 am:bllct, and you coul~l hxsc lr,ul 
tlwm rinlcd ont ?-Yes. 
I 17,140. Thnt would have becn better 7-Tl1~t nould I w e  l w n  better. I t  I >  not ~u tllc yxwtieation. The  

' ~~speci l ie~t ion .%. . says that the holes in the flnnges ine to be J~illwl, nnd i t  certa~nly ir an omlss~ou in the ~ p c i f i -  
, cgion tu FHi. 11:. the holeb 111 the lug. X I C  0011ccrnd 1 thmk 11 Rns a 1:1n infe~cncc t h t  the liolca bl~ould im\e 

been drillrcl. 
--- - 1i.141. Surely-it.nn? intended t h t  the liol?~ to conbin the b l l s  should not l= w~~ical?-Yes. 

;17,14?. It "All bolrstu hemade of Low 3 h o i  iron, or such other m8ke ne shall bc specially snnct~ouccl 
by the,.eng~neer,~nnd to he nealg fisiabpd, 11eMf aid nut, and not plolectlng more thau + uo mch through the 
nuts , to lm cnrcfullj io~ged and mewed, and miule to fill the bolt holes "?-Yes 

17,143. bn 1 suppose t l te~e 1s no doubt wlrstever, if that liad lmeu c a m d  out, you r~ould Lute had thecc 
boU- holcq with t l ~ c  side.; ~mrfectly l e ~ e l  a d  peifenly prullel '-Most decidedly. 

17,144. I t  nns a dcfwt not to havc tllrrn 80,-It n-ns 
17,143. The def& I understod jou to be illis; that tltc bolt. would give tdl they got a fa~c  h i m g  upon 

- 
the s ~ d e s  of the b l e s  ?-Y cs. 

- (84:) It should also be observed that the holes from belng csst would be neces- B o l t s d i d ~  
~-ady.irre~lar-in shape-and position, and as it would be quite ~mpossible to cast .them J F t ' W -  . . . . - .. I' Q9B6.. .7 

. - F 
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,3cher 
defects. 

quite true to size, they were made l+ inohes, while the bolts w b h  went 
them were only 14 inches in diameter. The effect of these three thing% 
the gimng of the bolts so as to get a bearing on the sides of the holes, the irregularity 
of the holes in shape and position, and the holes being larger than the bolts, was to  
give a certain amount of play to the ends of the bes and struts. whlch held the 
columns in position Moreover the conical form of the hole converted the hold on 
.the lug Into a wrenching strain on one side of it; so that it was found, under Mr. 
.Kirkaldy's tests, that, when the force was applied m the same direction as when in 
' position on the column, and by a steady pull, and without any shock, the lug wag 

able to bear only one third of the pressure, which it should have done according to the 
amount of its s ec t iod  area 

(85.) Another serious def3ct in the construction of the bridge was m the formabon 
of the &nge holes of the outer or 18-inch columns. It seems that the holm in the 
flanges of the inner or 15-inch columns were drilled by a machine, and they would 
consequently be true to posihon and cylindncd in form. When. however, they came 
to make the 18-inch columns, the machine. which had been employed for drilhng 
the holes in the 15-inch columns, would not serve for the 18-inch columns, and it was 
not thought necessary to make a machine expressly for the purpose. The consequence 
was, that the flange holes of thc 18-inch columns had to be cast, with the same results 

. as in -the case of the holes through the lugs, namely, that they were conical in shape, 
imgular in size and position, and gave p l a ~  to the bolts psssrng through them, which 
thus ceased to be steadying pins to the columns, and bore upon only one edge of the 
holes. According, too, to Mr. Beattie, under whose superintendence these columns 
were cast, the holes were cast 14 inches in diameter, whllst the bolts were 1A inches 
(Q. 10,048) This was the more serious, seeing that each of the 18-inch columns had 
to bear not, only double the superincumbent neight, that any of the 15-inch columns 
had, but d 6 0  the greater part of the wmd pressure. 

(86.) Our attent~on was also called to other  defect^ in the construction ; as for 
Instance. that the t,ies were securcd by screwed bolts instead of pins. so that they 
J-ielded mth  a much morr moderate s t ra~n  ; that the glbs and cottcrs were in many 
cases roughly forged. and tthe slotted holes for their reception were roughly formed, 
which would cause a slackening of the tics by thr yielding of so many badly fitting 
burfaces ; that the btruts mere badly fitted, and d ~ d  uot abut agalnst the columns; and 
chat the attachment of the L girder to the IS-lnch columns was very imperfect and 
insecure. The result of all these several defect8, and especially of the play and 
bendmg of the bolts in the holes. would be to loosen the ties, so that, when a lateral 
pressure came upon the columns, they would be less capable of offenng a resistance, 
and would very readily get out of shape. 

. - Supemuion at the Wwmt Foundry. 

: (87.) And here it may be well to inquwe what kind of supervision was exercised 
over the works a t  the Wormit Foundry, where these columns were cast, for it is diffi- 

L.- . cult to understand, how the numerous defects, to which we have called atwnt~on, 
P - ~ , . bhould haw been allowed to pass, if there had been proper and competent persons to 
.. -- superintend, the work. 
 he Gm. (88.) And firat as regard8 the contractors. The person, who had the cluef control 
IscrCtors of the works, on behalf of the contractors from first to last, was Mr. Grothe. Under v h i m  were two ch~ef assistant engineers, namel,~, Mr. Frank Bmtttle, who went to 

the works a t  the latter end of 1873, and remalned there until about 12 months before 
the br~dge was opened; and Mr W. G. Camphuis, who went in August 1873, and 
remamed until October 1878, some months after the bridge had been opencd. From 
July 1874 to Aprll 1855, a man named Hercules Strachan was the foreman moulder; 
and after.$e-:>?+s. ,dismissd and until the works- were completed, Fergus Fergusou. 
.The.pi.act~cG,&eq.ms- to have been for the columns, as soon as they came out of the 
moulda, to 6e passed-over to the dressers to clean them and take off any excresceuces; 
they then w n t  into the turner'b hands to turn the flanges, and m the case of the 
15-inch c o l u n ~ n ~ ~  to drill the hole8 m them; after which, if they were considered 
sufficient1 sound, they were pamted, and were sent off as they were needed to the 

hnP. %Tom 160 to 200 of the columns were made by Hercules Straohan, the rest 
by ergus Ferguson. 

(89.) Mr. Grbthe had of course the general superintendence of the works, but 
according to his own account having no special knowledge of ironwork, the W o m t  
Foundry was put under the management of Mr. Ehttie, xho, we me told, had 



Mt eqerienbe in b w o r k $  Mr. Beattie had other duties to perform, and could 
not t h e d o r e  be much a t  the foundry; nor does he appear to have tested the 
aolumns by hydraulic pressure or in any other way, which would have insured the 
detection of any unequal csstinge, and any defects m the columns ; he trusted to 
what he could discover by lookm at them externally, and tnpping them with a % hammer. When however he left, t e inspection of the foundry was entruuted to Mr. 
Camphuis, who it is admitted had no practical or spec~al knowledge of ironwork, md  
his duties m connexion with the foundry were consequently "more of an adminis- 
trative than of a technical h n d  ;" to use Mr. Grbthe's own words. " HIR " (that, 1s. 

. - G '  Mr C6mphuis') "duties were to see to the stores, and to anything that was wanted, 
- c' and- to exerolse as much judgment as he could in going over the castulps, but he 
" .was not a practical foundry man " The result of course was, as Mr Grothc adm~tted. 1:lrujvr f@ 

that the chief responsibility for the columns belng turned out in N properly sound fire- 
condition, at all events after Mr. Beathe left, rested m t h  Fergus Ferguson. the foreman l,,ml~~h,, 
moulder. That t h ~ s  was a oonditlon of thlngs, which ought not to have existed, can 
admlt of no doubt whatever. It is true that Fergus Ferguson and the rest of the 
workmen were paid, not by the plece, but by day work : at  the same tlme he would 
naturally be disposed to pass columns, which a more independent person would not 
have deemed-sufficiently good, for the fewer columns he broke up, the greater testimonj 
woul& it::be to-his skill as a workman. Mr Grothe told us that he discorered a 

' - oolimn,  which had been passed to go Into the bridge, and which he ordered to be 
broken up, oming to defects which he found in it. T h ~ s  w a ~  whilst Fergus Ferguson 
was the foreman moulder, so that in that Instance Fergus Ferguson must eaher 
have knoGingIy passed bad work, or have passed it w~thout examining it. Practically. 
therefore, there was no supervislon of the works on behalf of the contractors, a t  all 
events after M< Beatbe left, and the answers which Mr. Camphuis gave to the quest~ons 
which were.put to hlm on the subject, showed how unfit he was to have the supermten- 
dence of the works, and how incapable he was to have detected any defects whlch 
might liave exlsted. 

-(90.) What then was the suverlntendence exerclsed bv S1r Thomas Bouch and S w r r r m l  
- -. liisa&stants over the foundry A r k s  a t  Wormlt ? So far"as me can see. none what- 

.-, *ever:.-- The-person immediately under Sir Thomas Bouch was Mr. Paterson, a gentleman Bot,c,, 
,. ;no iloubt;of ;large experience, but perhaps somewhat too adranced in years for a work hts ofims. 

of. this'kirid.. He had su ofhe a t  Dundee, but resided, we are told, a t  Perth, h n ~ m g  
.-certain dut~es connected wlth the rallway statlon there. Under h ~ m  were txo  

gentlemen, .Mr. Ralph and Mr. Butler. Now neither of these gentlemen hao heell 
produced before us. Mr. Paterson, we are told, is paralysed, and therefore could 
not attend; but where Mr. Ralpli and Mr. Butler are, WC do not know. There m-ew 
also H Mr. Wemyas, who we are told is now in South Australltt , and Mr h'oble, whosr 
duties mere confined to the brickwork and earthworks. As a fact, however, not one 
of these,gentlemen, so £ar as we are aware, ever made it a practlce to inspect the work. 

.at the Wo+pt Foundry, to see whether the columns were or were not properly cast, 
:or -wliether. the bolt-holes, on which so much depended. were or mere not cylludr~cal. 

:Sir Thom&.Boiich seems to have left ~t to Messr~ Hopkin*. Gilkes, & Co. ; they left 
-it $a Mr.. Grothe, and he left it to Fergus Ferguson. With such supervislon, or 
&her we should sap rmth the absence of all supervision. we can hardly wonder that 

- the columns were not cast so perfectly as they should have been, and that the fatal 
defects in the lugs and bolt-holes should not have been pointed out 

(91.) The best proof, perhaps, of the total want of any effective control and Thrck~~cro 
supervision over the work is afforded by the contradictory statements made by the mefa1 mthe 
witnesses BB to the person, who finally dec~ded the thickness of the metal, -whvhlch 'ol'g"bNs. 

was to be put into the columns. Fergus Ferguson, the foreman moulder, told 
.us .that.-the -specified thickness both of the 15 and of the 18-inch columns NAS 

- t o  6e l ipch,.hut that he had cast them all above that, some 1; mch, some l; in011 
(Qt 8034)j .and on being asked by whose authonty he dtd it, he said, (Q. 803.k) 

.-'*.I-- just--took it upon my own responsibility to do so I thought it better to gnre 
an extra th~ckness than have them the other w a y . ' W h e n ,  however, Mr. Grotlw 
came t o  be cxammed, he stated (Q. 13,727) that Fergus Ferguson had not taken 
it upon hls own reeponslb~lity, for that he (Mr. Grothe) had instructzd 111111 to 

- do it ; he said, (Q. 13,728) " Ferguson's words would be exactly my words, bccausr 
I took it U on my responsibil~ty for the very reason he states." Further on he stated 
(Q. 13,731f that the first orders were that the 15-inch columns were to haw 

-1-inoh- t h 1 c . h ~  of metal, and the 18-inch -columns 12 inch ; but that, thatswas -after- 
-""ds @tei*ed, d - o r d e r s w e m  given that they should all hwe l-inch of metal. He 
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was-then asked whether this applied to both desoriptiom of columm, and he answered, 
Yes. I had.no doubt myself that the l-inch metal would not be sufficient for that 
column, but as the diameter of this column (pointmg to the model) is larger, and as 

$' the upward pressure of t.he metal, when it 1s poured into the mould, increases, 
'* of course, with thc size of the core, without saying anything about it, I told 
'c Feiyus Ferguson to make them 1; inch, in order to allow for any inequ&t.y, 
'. which I was almost sure would take place, in consequence of thc increase 
" of the slze of the core." It was stated by counsel that, when Mr. Grothe said 
that'he "had no doubt that the l-inch metal would not be sufficient," he meant 
t.hat hc thought that it would be sufficient; t,his may be so, although it hardly seems 
to agree n ~ t h  the latter part of his answer. When. however, Sir Thornas Rouch came 
to be examined. he stated that it was by his orders that the 18-inch columns had 
been made-l$ ~nclies thick; nnd Mr. Stewart told us (speaking from an eutry which 
he inadc in 'his diary a t  the time) that, to the best of his belief, and so far as his 
knowledge m&, it was on the 6th of Apr11 that B r  Thomas Bouch " decidcd to make 
the ontcr columns 1-t and the inncr columns 1 Inch t,liick ; " but whether Sir Thomas 
Houch gare the order for i t  to be done. is not quite so clear Whether then the 
incrense in the thlckness of the columns was made by Fergus Ferguson on his own 
responsibility, or by I f r  Crrothe on his responsibility, or whether Sir Thomas Bouch 
ord~red it ; or, again, whether i t  was both the outer and the inner columns, the metal 
of which was increased in thickness, as Fergus Ferguson said, or whether only the 
out&- columns, are questions which are left in the greatest doubt. The statement, 
however, that 1s made that e~ther  hfr. Grothe or Fergus Ferguson should, as agents 
of the contractors, hare taken it upon themselves to increase the th~ckness of the 
columns,  ith hoot communicating the fact to 91r Thomas Bouch, ueems somewhat 
s t m g e ,  seerng that payment was to be made according to the melglit of the metal 
fiupplied, and that an increase of 25 per cent, in the thickness of these coIumns wocld 
increase tlic cost coi~aiderabl y. 

(92.) And nom let us see nliat steps were taken to maintain the bndge. in on efticient 
state. I t  seems that. after the br~dge was completed, an arrangement was made by 
thc compapy.~\-~tl~ Sw Thomns Boiich. r , h ~ t  in consideration of no annnal payment to 
1 1 m  of 100/., he should co~~tinue to watch over its cond~tion. The company's engnicer 
was t o  h n ~ e  charge of the permanent way, but all below it, including of coume the 
piers. was to be under Sir Thomas Bouch's supervision ; and that arrangement was 
m force vhen thc acc~ctent occurred Sir Thomas Bouch's ch~ef anxiety appears to 
have been. not SO much for the iron vork of the bridge, as for the foundations of 
the pier6 ; and accord~ngly Mr. Koble, with a staff of men, was placed at  his disposal 
for the prposc of taking soiind~ngs. and of filling up any holes that might be found 
;bout the piers by the scour of the nver. As a fact this proved to be a very necessary 
precaution, and large quantities of stone and ballast were, under Sir Thomas Bouch'e 
directions, t h r o m  into the river round the piers to prevent the foundations being 
undermined. 
- (93.) It seems that so early as September 1878, the railway hav~ng been opened for 
passenger tr&c in the prezeding June, Mr. Noble, whilst employed m &lung these 
soundings, heard vhat  he described as a chattering of the tie bars, and on climbing 
up the plers he found some of them loose. He accordmgly purchased some stnps of 
Iron, and without, as he says, communicating the fact to anyone, put in small pieces of 
the iron between the gibs and cotters to tighicn up the tie bars. He continued to do 
thls from tlme to time, and had, he told us, in t h ~ s  way ~ntroduced about 150 pachng 
pieces, before;th_.fall of the bndge took place. Whls t  so engaged, Mr. Noble also 
~ ~ i s c o ~ e r e d - ~ ~ d C e - ~ f ~ -  t h e  columns under - the high girders and three in the northern 

. -$~ion-:o£iihZ:lifie~chcked, and he immediat& yook steps to have them encircled 

.L 
: :--.'*th w&gllt:iron Lands, in a way whlch seems to have met with the approval of Sir 

8-= . -' Thomas Bouch. 
C?~<.NO@V (94.) I t  should here be stated that Mr. Noble had no knowledge of ironwork, his 
c -duhea. spec~al duties were with bnck and earthworks; moreover his regular occupation a t  

this time was to superintend the new line of railway, which was to connect Newport 
87th the bndge. His time for t&ng the soundmgs seems to have been about the 
equinoxes, and it was then apparently that he employed himself in putting in these 
packing pieces; but he was not directed by Sir Thomas Bouch to look aftor the piers, 
nor indeed does anyone sgpew to have been ordered to do so. It was a mere voluntary 
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aot on Mr. Noble's part. Whether Sir Thomag Bouch himself made any ins ection of 
the piers during this time, does not clearly appear; his attention seems to gave been 
more particularl~ dmcted to prevent the scour of the rlver from underm~nmg the 
fouhdations. 

(95 ) It was contended, howevcr, that, wl~etller ~ I I I H  wcls 80 or not, thc step taken by h / thc t  
Mr. KobIe m mtroducing these packing pleces bctn-eel1 the g h s  and cotters was thc r'? 
proper step to take, and that it had the effect of tlglitcn~ng up tlie t ~ e s  and of brlng~ng ,,,,,,c,,, 
tlie columns to their bearings. It was said that tho columns, being rigldly bolt,cd rhr trr ~ , 6 , . ~ 9  

down at  their bases, would by their own clast~city return to them origmal posit~on, as 
soon as the force, wh~ch had deflected them from the vert~cal, had ceased, and that 
it was then that the ties would chatter. their attachments hav~ng betn cxtcnded: 
but that, when the packlng pleces had been inserted, the t ~ e  bars, be in^ shortnned. 
would renew them hold upon t,he columns. But t h ~ s  argument proceeds upon the 
assumption that the columns were rigid throughout t h e ~ r  whole length and r1,~ldly 
bolted to their base plates ; but this can hardly be s a d  to have been the fact, seeing 
that the bolt holes of the flanges of the 18-inch collimns were conical. and that the 
holes mere vons~derably larger than the bolts, wh~ch would allow a large amouut of 
play. If, too, a column had once got out of shape, it is not easy to see how t l ~ o  
merely putting in of a packing plece with a hammer could have brought it, wlth ~ t s  
superincumbent load, back Into postnt~ou. It is more lllrely that it would have con- 
.firmed it-inTlts.distorted fonu 

(9G.) And here it may be well to refer to a soniewhat ex~raordmary statement., i / / ~ ~ ~ , i , ~ -  
which nras made by Mr. Stewart, the gentleman urho ass~sted SIT Thomas Bo~tch in  wruwot '  
prepartnng thc des~  na for the bndge, who was his principal adv~ser during the buildmg, ;~'''~~,~/~II 
and who has been 'i is nght-hand man throughout all these proceedings. Mr. S t e m 4  
stated that the loosening of the ties l' would add to the strength of the structure," as 
well as to its stabil~ty. Mr. 131dder eudeavoured to make out that t h ~ s  bu gest~on that 
it would add to " the stability of the structure " had not o r i p a t e d  w ~ t h  5 Cr. Stenart, 
but that it t a s  due to what he called "the adroitness" of Nr. Trayner That thcrc 
may-be no mmtake on t,hm po~nt, it may be well to quote what thc mtness s a d  111 

iinswer to questions put to him by Mr. Trayner. 
19,139 (Mr. ' f i aym)  Wthout troubling yon for tltar, let me put to you tlu. ~ U B Y W O U  . U ~ ~ O . I I I ~  thr-#h 

li* 16dsCn'nl to Ug r i tent  of U qunltcl of :m 1nc11, would t l ~ a t  11~1r  rnnlet~nlly ~~Hccktl, In your o p ~ a ~ o u ,  tllc 
: ~ t n b ~ l ~ t y  o l  the &tl',letule "--Xot in tlrr lea-l. I urny U) i t  1s n \'a) ~ c ~ n ; r ~ L ~ b I c  tl~~n:: t h t  tltc Iooaen~t~g of 
,the t w ;  wtnewlt.:t beyond what Dr. l'olc nlal I r:tlrulntcd. would ~ d t l  In lhe +trengfh ol' t l ~ c  at~ect~lld., 1,) 
bringmg lot0 p1.1~; f i ~ s t  of all, the watnnco of the eoln~nos to hendmg to n g~eute! extent. I t  nlw ~ I I I I ~ .  the 
d i a p m l - t ~ e s  some~vh& mom Into p13~'- 

19,140. Do you ntuu to any tllllL t h  Iouaelllllgv of thaw tic. to llie exteut of n quarter of all lwh  1~01lld 
have m d e  the ht~uctnlc mote s t ~ b l e  tlu~n it u c i .  W ~ C I I  ~t W,W neuly t~ghtly h m c d  up'-Acco~d~ng to tlw 
cnlcnld~ons, .24 u mnttcl of fact, it sould. 

19,l 11. T11c.l i t  I\.&!! a 1111shc!ie to tlghtan thrlll up l-Toll luny 111.1\1 thnt i t l ~ e l ~ n e ~ ,  lf y011 I l k .  
19,145. Is not it tbc neewan? ~nfe twce  from nhnt you h a w  sntd >-No, because I think it 15 not D t l m , ~  to 

Ir d q ~ n d e t l  on. I f  one rxten~la r qualter of nn mcl~, o t h e ~ r  luny ovtcnd half ZIII ~ n e h  
19,1$3. TnLc t l ~ c  hjputl~c~i. tbnt 15 put to jou, r h ~ t  the& r~c-bnia wele g i \ u ~ g  tc the cltent d ,I q11rlk.1 of 

an inch,-!lo JOII soy tbnt Wuld ndd to the \ t i~bd~ ty  of thc s t~ur tu l r ,  or t h t  it would dcat~.rct flout t l ~ a  *tul1111t! 
of the j t rnc tn~e  '-Of Conlsc you maur tlda no11 tbc one opphlte (po~nllng to the model) ? Tt would ~uld to 
the si&l~ty.of thwst~ectnle. 

, (97.). The-%itness then wont ou to say, that " I€  Sir Thomas Bouch conld havo put 
. . 
?';in some kind of spring that would have a yleldmg of a quarter of an mch, it would 

hare addeil to the strength of the structure." He was then asked,- 
19,147. Thnt l d n g  m, I .m e1111ou~ to Loow whether !oo cnn snggrst any lemon uhy  the ~ I I I I C L I I I ~  wnc 

m& less xtnble by the t~gh teu~ng  up of tli13~0 barn and u:akn:g tliu strnctu~e nq I I ~ I ~  n5 it nu, a h e u  (ienrld 
&tclunson snw ~t ?-No, 1 do not Suppose I Cnll. 

19,148. I t  wns a waste of cuelgy, urus not 11, to tryl~tcn them I I ~  when the lrsult \\.I, to 1ww1 L I I ~  ~ L ~ I I I I ~  
of the h idge lTou rnnnot sug&wt uo? reason for that ?-so, rt Is \ely b ~ r d  to . ~ n m m  tlleso l h l o ~ o p b ~ a ~ l  
quebtlons. 

1&140, I n  n gcne~nl bcnse, doe> not t l ~ o  shbl l~t?  of budge dcpeud on the ~ ~ g d ~ t y  of It8 c o l ~ ~ n ~ n % ,  to a 
l i q e  extint  nt least ?- ~erorildy. 
: If &. S@yart's theory was correct, the stab~lity of a ship'a masts would be 
$&&&..by tlie loosenmg of the shrouds. 

.(g&) Before-me leave the question of maintenance, it may be well to say a few s,,~,!~, 
,words.in regard to the speed, a t  which t r a m  were a l l o ~ e d  to cross the bndge. fh~.frarnr. 
It hm been s a ~ d  that 11' General Hutchinson's report of the 5th of lliiarch there 
was a recommendation that it would " not be dealrable that trains should run over 
the bridge at a high rate of speed." and he suggested " 25 mlles an hour as a limit, 
which should not be exceeded." This seems to have been interpreted by the servants 
of -the C ~ m p a n ~ !  to mean that from station to station they were uot to go at (I greater 
&rage sieed than 25 miles an hour, and this they seem to have done. Seeing, . . . 
. , F 3 



however, that they had, in approabhing the ceBh at %either ,end tn redme the q e e d  of 
the trsiri-h some two or three miles an hour in order to tslce the baton, and 
had then to mount an incline before reaching the summit, it 1s obvious that, if they 
did the distance from cabin to cabin a t  the rate of 25 miles an hour, they must have 
been going through the high girders, where it 1s level and on the summ~t, a t  a 
very much greater speed. No complaint, mdeed, was made of the speed of the 

c.traina,go~ng bouth, for they had to mount a very steep inclme of about 1 in 74 from 
the'north cabin, until they had passed over four spans of the hlgh girders, and then 
nn inclinej of 1 in 130 for another span before reaching the level on t,he summit, they 
l~nd therefore no means of get.ting np a high rate of speed, until they had got some 
dmtance acrosR the high girders. But w ~ t h  the trains gomg north it was hfferent; 
starting from high ground on the south shore the roadway falls for the first three 
spaus. r t  m then le~-el for the next three, after which it rose by a gentle incline a t  first 
of 1 in 353.. and then of 1 in 490, until it  reached the second pier of the h g h  
uliders. whence ~t nPas level for NIX  pans, and then fell for the first span a t  the fate of .? 
l 111 130. ancl for the last four spans very rap~dly a t  t,he rate of 1 in 74. ITow the 
evidei~ce of the englne dr~rers  n-as that they were gettmg up speed all thc way from 
leaving the south cabin. and that it waa only after crosslng the summ~t, and when 
the) llntl got 011 to the lncllne to the north, that the brake was put on. It is obvious, 
therefore. that thc trams going north must have attained a very high rate of speed 
befol;t: j)ilttmg on the brake to go down the incIme. 

@$~{fc-:t (99:) -B& the beat endence a s  to the speed, a t  wh~ch the trams pctssed through 
., .v-Prow,t . 
7 . @OLP+&O,L 

the.h~gh girders. was gmen bp Mr William Robertson, ex-Provost of Dundee, and 
who is albo an engineer, and therefore able to speak w ~ t h  authority on the subject. 
He told us that he had frequently hmed the trains going north to go from end to end 
of the htgh girders in G0 seconds, wh~ch would glve us, (the distance being 3,149 feet,) 
a speed of 35 78 miles an hour ; aud that on two occasions he had timed it to do the 
drstrtnce in 50 wconds. wh~cl, would be a t  the rate of 42.94 miles an hour. 'It was 
attempted to be shomu that the trains referred to could not have attained so great a 
rate of speed. but it fiecm8 t.o have been forgotten that for the last five spans of the 
high g~ide~*s  on the north there I> an ~nchne at first of 1 m 130, and for the list 

. .. . . four spans of 1 in 74, in golng down mh~ch of course almost any speed could have been 
- e 06railed. A5 ;( proof that er-Provost Robertson thought the speed dangerous, it niay - 

> . . be ment~oned that, althuugh he had a season ticket to go both ways betx-een Dundee and 
his re.ebideuce at  Sewport. he ceased before the bndge fell to travel northward, while 

I stdl contn~utng to use ~t golng qouthrmrd 
Effect ?f (100 ) And liere it nldy bo nientloned that, according tu the evidence of the engme 
puttcngkn d n v e ~ ,  the brake was generally put on, mhen going north, a t  about the third or brake on 
Rmt,, i;t.b3n fourth span from the end of the high girders, that 1s to say, when they had got on 

: ofhtgh . to the nortliern sectlvn. dud mere descendmg the steep gmdlent of 1 in 76. Now, 
,. )nrdmj .. - n a b o u t  going c p t c  ihe lengrh of saying with Mr. B~dder that the .is mvo, which 
>-.- - - . 
.. -. wo$d thus be lost, must ultimately be transmitted absolutely undiminished to the: 

R: - lowest pier. there can be no doubt that, applymg the brake, when the train was at its 
- m h~gltest spced, must hare put a very sevcre stram on the plera, which would have been 

arr led down the culumufi to then bases ; and as t h ~ s  generally took placc, when the 
. - .  

,. 
train was on the northern dect~on of the high g~rders, and would be repeated by every. 
tram going north. the colulnns of t h~b  sect~on would, by being subjected to these heavy 
strains, be meakened, and mould probably be the first to glve way. These con- 
alderat~oqs give some strength to the statement, to whwh the evldence seems to pomt, 
that it was:the northern section which went first. 

;+,- . . . . ,-. .- ' I ' r~w Came of the Fall of the Bridge. 
-. 

: :;~&&i;;' -- :=. . . -. ['iloli);-&lthciugh ~ .%--,. then.this biidge,-iff+ip&ly copstructed in accordauoe with the plans 
-6amtcd9. %:and epe.61ijcgtgons, mi&, as we are told, htiG been capable of resisting a l a m 1  pressure -* :Mdj< :, . . 

g ?nuzw: -- 
: . of- from 60=XS..to 70 lhs. per square foot, and a very much greater wind pressure thnn- ' 

was probably brought to bear upon it on the evening of tho 28th of December; it 
by no means follows that, constructed and maintained as we have seen i t  to have been, 
a very much lower pressure would not have sufficed to blow it down. With tts conical 
bolt holes m the lugs and m the flanges of the 18-inch columns ;-with ib lugs, shorn 
by experwent to be unable to bear more than onethlrd of the pressure due to their 
sectional areas;-with the wmd ties, by which the columns were held in pos~hon, 

'1dose;--w~th no effective supervision of these cast-iron columns and their aLtschmente 
to see that they were domg their work properly ;-with &U these and the other defecte, 



whwh we have cdledfa&mtion, can there be my doubt t h t ,  what caused the 
ov&hrow of &he bridge, was the pressure of the wind, acting upon a structure badly, 
built, .and bay maintained. 

(102.) What probably occurred was this. The bridge had probably been stra~nod ~ , , h , , ~  
partly by previous gales, partly by the great speed at which trains going north were molwa rot 
permitted to run through the high girders. The result would be that, owmg to t,he 
defects, to which we have called attention, the wind ties would be loosened ; so that, 
when the gale of the 28th of Deoember came on, a rackrng motion would be set np 

. . between the two triangular groups, into which the sur columns forming each pter 
were d~vided. This would bnng a great additional strain upon the wind t ~ e s  between 

t h e  15-inch columns whlch connected the two groups of columns together, and whwh 
would recelve comparatively httle support from the t ~ e s  between the outer 18-inch 
and the t.wo nearest inner columns, owing to the angle wh~ch they made w ~ t h  tllc 
line of pressure. The s tmn,  too, upon the lugs being greater, as you dcscentletl 
the columns, the places, at  which the columns mould naturally e v e  may, woultl he 
near their bases ; unless, indeed, a weaker spot should display ~tself hgher up, as 

.appears to have been the case in piers 29 and 30, where the tno lowest and the 
lowest tiers respect~vely are still standing. Whether, mdeed, the lugs or the bolts 
went first,:-it i s  impossible to say; but as soon as one went, an additional strain 

-.wopld.be.6ro.ugbt upon the other, and the columns being thus w~thout support, would 
%aturally~ftill over to leeward, as some of the w~tnesses descnbed it. Illre a pair of 
rulers. 
- (103.) That the separation took place near the base of the columna seems clear .%,,n~nrcn~ 
from the position, in which the three sections of the high g~rders were found lymg in the 9~~~ 1/11 bmr qf lk  
bed of the fiver, each describing an arc, with its concave slde towards the p~ers, b e ~ ~ ~ g  CO,mM. 

furthest off where there was a fixed beanng, and nearest where there was an expansion 
'oint; whlch is what might naturally be expected, if the fracture occurred near the 
base; for the g~rder, being free at  the expansion jomts, would much more readlly slip 

- off .the.top of the culumns and fall to the bottom as the b n d p  inclined; whereas, 
. . i t -de fixed-bearmgs it would be held on, and so carr~ed further out. The fact, too. 
-. th i t  :hpoiite to pler 29 the g d e r  is nearer to the plers, than it 1s at the next 

expimslon jomt, seems to confirm t h ~ s  new;  for the fracture 111 that case took place. X& 

-we have sem, above the second tier from the base, so that at that pler the columns 
would have five tiers ~nstead of seven on which to tuin, and would consequently not 
be carned so far out. 

Dqects in the Desigv~. 
(104.) Apart, however, from all these defects in the construction, to which me have ins~rficcemc 

@ed attention, which are sufficient in our opinion to account for the fall of the 114@r9176 ?f 
bridge, -the question remalns, whether there are not some defects in the design whlch atadritty. 

-must sooner or later have brought ~t down. We nere told, indeed, that i t  aab no part 
.df ourduty.-to say how or in what manner the bridge could hare been strengthened, 
that there ~e1-6 a hundred ways m which it could have been done, but that this was 
not the question, and that all that we had to do was to say, whether it  as strong 

-endugh: A bridge, however, which with good materials and workmanship is computed 
6 be able to bear only from 60 lbs. to 70 lbs. of lateral preesure per square foot, and 
which may be subjected a t  any moment to a mnd ressure of from -40 lba to 50 lbs., 1 can hardly be said to be sufficiently strong, for t ere may be latent defects m the 
material or the workmanship, for which we are told that it is usual to a l l o ~  a factor 
df &ety of 4 or 5 ; and it is therefore not right to build a structure m~th  so narrow 

-a;m&n of safety. We shall therefore proceed to point out what are, in our opin~ou, 
':the defects m- the design, whlch it will be necessary to avoid if the bridge is to be 
.i-ei?i;listr;ictkd. 
4 
-1 :(105) -.A-nd h t  it is very greatly to be regretted that Slr Thomas Bouch, when he Mwfoks 
W% designing the bridge, did not take greater paius to ascertain the nature of the 'hebonlrgs. , -: . 

.foundations, on which the piers were to rest. It 1s aald that he was deceived by the 
-borers, not of course designedly, for they would have no object in so doing. B11t 
-what right had Sir Thomaa Bouch in a matter of so much importance to trust solely 
to the word of the borers? It is idle to suppose that, if he had looked a t  the core 
which was -brought up, he would not have been able to aacertain, whether it was the 
same rock, which is to be found on each side of the rwer, or that a bed of conglo- 
.me.& oou&hcge-byn mlstaken for it. And if he had found that they had come .- . - 
mion.& bed of conglomerate, it was his duty to have pierced it m t h  a view of ascw- -- -, - 
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hining whether it was capable of supporting the brick piers, on which he designed to 
place his bridge. Had the sold rock existed, s s  wm too hastily supposed, a t  a 
masonable dcptl! below the bed of the river, so that bmck piers could have been built 
11p from the bottom, no doubt the bridge would have been standing atthe present day. 
On the other haud, had it been b -no~n  that below this t h ~ n  bed of conglomerate the 
bottoin wabonly soft sand and mud, either a d~fferent cles~gn would have been made, or 
the bridge would hare been carrted across at some more favourable spot. The mlstake, 
in our opin~ou, nas a very grare one, aud for whmh there is no excuse. 

i &  h (106.) Thc uest question to be considered is, whether the hexagonal form of the 
mh&h l,ier, and the v a y  In \\-h~cli the columns were arqanged upon it, was cdculated to grve 

thc requ~slte amount of stab~llty to the st.mcture. To use General Hutchinson's words 
-"IIO onc can my that z broader base would not be a deswable thing." Now, m 
what map conld this additional base have beeu @yen ? 

Chin~t.,. (107.) And first, as regards the calsaons They were, as we have seen, 31 fcet in 
dlame~er. There seems, homerer, to be no reason why they should not have been 
constructed 111 an ellipt~eal form, say 31 feet long by 28 feet broad, mh~ch would have 
plvcn- about the same bearing surface for a foundat~on, wyould have been more cas~ly 

-- su11k;in- the rwer from offcrmg a less resistance to the stream, and mould have- 
i < . .-. . - -nfforded,a much longer base east an6 vest, on rhich to build the piers which were to 
. . . i!al~y-the columns. 
i f  - (10s.) _4gain, t,he hexagonal arrangement of the columns mith two outer and four 

)l. - lunrr CO~UIIIIIS was not advisable AS has been already pomted out, owmg to -the 
prezsj wrde1.s. n h ~ c h  formed the sdes  of thr bridge. bemg placed mdmay between the outer 

C 

and the two nest Inner columns, tlic t\vo outer columns had to bear as much as the 
four inner columns together, or half the supcr~ncumbent weight, so that each of the 
outer columns had to bcar oue quarter of the melght, whereas the ~uner  columns had 
ouly to bcar one elghth of ~t ; added to whlch the outer columns had to bear the 
greater part of the lateral mind pressure. And although the inner columns mere 
l ~ m c h e a .  n-hilst the ontcr ones wem 18 iuches III d~ameter, tlils was by no means 
s&clent -to compensate for thc extra strains, n hicll the outer columnfi had to bcar ; 

Land it certa~nly scems that it  woultl have been better to have had two outer columns 
instead of only one on each srde. I t  would haye given n wider base. and therefore 
increased stab~lity to the structilre: ~t n-ould also have had this advautags, tlmt lf 
one of the onter columns had failed, the bndge would not neeed~ idy  have fallen, 
whereas ~~ith:only one outer column on each side, thc fa~lure of any one of then1 would 
musc it to fall a t  ouco. Thib cons~derat~on scems not to have been d~sregarded 
by Sir Thomas Bouch, whcn l ~ u ~ l ~ l ~ n g  the Beel.th Viaduct, for althoughm that structure 
there were o n l ~  hlX columns to each p m ,  they were arranged in two praIlel Iines 
across the bndgr, four of them as outer and raking columns, and two only as innor 
ouer, tbc conrerse of thc arrangement In the Tay Brdge, whore there were only two 
outer and four mner ones. It certamly therefore appears that it would have bocn - 
ltcttcr, if iu buildmg tlic Tay Und e there had been eight colum~~s to each p m ,  
arranged like thobc IU the Bcelah $ laduct m two parallel lines, and mith two outer 
columus on each side and fonr 111 thc ccntre ; m d  this arrangement seems a t  one time 
to:hare -been ~ntended R7hy it vas not carried out, has not in our oplnion becn 
&tlcfacto.rily explained 

i C ~ t s , o ~  (109 ) It' \rab said mdeeLl that the caisson, w ~ t k  a cllameter of 31 feet, would not 
4%+:" haw borne a per,  wh~ch would have carried the columns m the way suggested ; but . . 
~ ' ~ 0 r c c r 9 b t  a glance a t  t'oc plan v 111 show that this 1s not the case, and that a pier rn~ght casl!y : 10l1~)1,11s. 0 

bpre been constructed, n h c h  would h a ~ e  carncd the eight columns m two parailel 
l~nes, L_ hml ._,_ .~ 6-itb . the outer columns placed a t  the same d~stance from each other, as the 
oiite?'cplu'irins-nrrere -- .- .~ r.,-.._. . .. in the bndge as actually constructed, namely, 21 feet 10 Inches from 
cent?e:to:centy& Indeed, i t  was admtted by Mr. Grothe (Q. 13,667) that they had 
a.;!.p~:.$pac$~~on~t%e top of the caisson for budding up brickwork suffici@nt to support 
eight col'uinns. It was olijected, however, by Slr Thomas Bouch, that m that case the 
outer columns would have had them foundat~on on the brick rim of the caisson, whilst 
the inner columl~a n-ould have rested on thti concrete, and that that would not have 
beeu safe, brickwork and concrete not being, a8 he sad,  homogeneous. Sir Thomas 
Bouch, however. could hardly have remembered, when g m n g  this snswer, that the 
hexagonal piers, which carried the columns, were faced in the lower part with brxk m d  
ui IIJO uppcr part with stone, and that the whole rested on the concrete of the 
cusson, ihc centre of the hexagonal p e r  bemg also filled with concrete. We do not 
therefore think that there is much In tlus object~on. - 
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p0.) Another advan e, which would have resulted from the columns being O * w a d  Y amngsd  in two parallel ines of four each, would have been that the wind t ~ e s  ttes. 

meeting the outer with the next inner columns would have acted directly in the 
;line -of the U-mssure ; instead of aa in the actual structure a t  an anple of 45". so that ~~. ., 
they gave very little support to the inner columns 

(111.) Another great objection to the design was that the L gnders, which covered 
the tops of the two triangular groups of columns, were not connected, as they should 
have been, so as to have formed a continuous girder over the tops of all the columns. 
~his.would have given great additional stabihty to the structure by blnding all the 
columns together. As i t  wm, the two groups were held together m e r e l ~  by the struts 
and ties between the columns, which were therefore liable to get out of shape. 
There was not a witness, we believe, unless it NaS Mr. Stewart, who did not say that 
the connexion of the two L girders a t  their ends would have given Increased stability 
to the structure. 

(112.) Another defect in the design wss the omlssion of the spigot upon the lower 
tier of columnrr,~~n consequence of which there was nothing but the pinching action of 
the flsnge bolts to prevent the columns from shifting their positions on the base 
pi-8. It was said by Mr. Baker that the mere weight of the columns with the 
load, which they bore, would produce such an amount of frict~on as to render them 
&.nmovable onhheir base pieces, but he clearly overlooked the fact that, according to 

-'&G- ~i lc i~ t i t iohs  of Dr. Pole and Mr. Stewart, a pressure of 20 lbs. of mnd would 
-'&E& to relieve the outer wmdward columns of all pressure, and. to bnng a tenslle 
strain to bear upon the flange bolts. 

(113.) But the atest defect of all was in the cast-iron lugs, to wh~ch the ties and 
struts were attrsc ed, and in providmg not only that they should be cast with the 
columns, but Gith the holes ready made. It is to thls, and to the casting of the holes 
in the flanges of the 18-inch columns, and to not seems that these holes were made 
properly cylindrical, and that the bolts fitted them accurately, that the weakness of the 
piers- and the fall of the structure 1s mainly due. We have dwelt a t  length on these 
poirits, whilst -&scussing the quest~on of construct~on, but they belong also to thls 
;part iif the subject, for it was part of the design that they should be so cast. 

-: .(114.) -ButZperhaps the best way of showing the defects of the Tay Bndge will be 
-by-&mp@ng it with another somewhat similar work erected by S I ~  Thomas Bouch 
some time before; we refer to the Beelah Viaduct, situate about four mdes from the 
town of Brough, and which carries the South Durham and Lancashire Railway across 
one of the wild mountam gorges in Weatmoreland. The descnpt~on of this viaduct 1s 
taken from a work by Mr. W1ll1a.m Humber, ent~tled "A complete Treatise on Cast and 
Wrought Iron Bridge Construction." The viaduct, which is 1,000 feet long, is carried 

:on "15,piersof -varying heights, according to the sect~on of the valley," each of the 
::~p~.zbeing:6.0zfeet from centre to centre. Each pier was composed of " six hollow 
-<'- columi i~~ p$ced in the form of a tapering trapezium, and firmly bound together with 
, &is r d e r s y  distances of 15 feet per endicular. and by horizontal and diagonal 
i. +-&Ug t a o n - t ~ e  bars." Tho columns, w ich as we hare already stated, are arranged 

.-in- w'o parall&lines of three each, have an extreme distance of 50 feet from centre 
to centre on the base, tapering towards each other as thcy ascend, until a t  the top 
immediately under the latform girders, they are 22 feet apart from centre to centre. 

The taper" we are to P d, " isgiven m the foundation plece a t  the base of each column, 
which fomdation piece 1s firmly bolted to a stone base, the upper surface of whch 

" is bevelled- a t  such an angle, as ~ l l  produce the taper requlred for the columns. 
" Thus the  columns have all their flanges square to the centre line, wh~ch simplified 

+be fitting?vety materially. The depth of the stone foundat~ons, varled according to - -  
'<;the hatn're<of.the ground, and the height of the plers, but in almost all cases they 
"-.went-dod-to the solid rock." 

(115.) " We-ire told that " it 1s a distingulehmg feature III this viaduct, that the 
I'. cross, or distance girders of the piers encircle the columns, which are turned up a t  
" &at point, the girders being bored out to fit the t~lrned part with great accuracy. 
" No cement of any kind was used in the whole structure, and the plers when corn- 
" pleted, and the vertical and horizontal wroughh~ron bracing8 keyed up, are nearly 
5' aa rigid aa though they were one eohd plece." Further on the author says, "The 
" fitting was all done by machines, which were specially designed for the purpose, 
'* and finished the work with mathematical accuracy." 

Q l066 G - 



' and (116.) * L -  The flanges of the columns were "all fmed uv and their edges turned, 
c--. .= ~ e s . 8  . . ~d every column was stepped into the one below it with a li about of an inoh 

'. in'dep&;'the lip and the socket for it bang entually turned and 1 ored. That podon 
of the column against which the cross girders restad was also turned. The whole of 
these operations %-ere performed at one time, the column being centred In a hollow 

, .- S. mandril-lathe. After being tuined the columns passed an to a drllling machine, in 
, < - .  which all the holes in each flange were drilled out of the solid simultaneously. And 
, :. 
. .-- 

; L< as this was done rmth them all in the same machine, the holes, of course, perfectly 
-. . .- .- . .- - *a . co inc2deden the columns were placed one on the other in the progress of erection. 

. - +* '&nilw~cire was taken mlth the cross-girders, wh~ch were bored out a t  the ends by 
.. . <. machines des~gnod for that purpose. Thus, when the pieces of the viaduct had to 

'- be put-together at the place of erection, there was hterally not a tool required, and 
'- nei~er.chipping or filmg to retard the progress of the work." 

Conr$urasort 
g"~"o (117) It true that at the deepest part this viaduct stood 195 feet above the 
s t n t ~ t w , ~ .  ground. Look at it.. however, with its spans of 60 feet each;-its columns, of which 

four.are outer raking columns, with a base of 50 feet, tapenng up to 22 feet at the 
top ;-its hor+ontal cross-girders encircling the columns at every 15 feet ;-its holes 

. . .  .= .- . .- all carefujly drilled, and all the work done with mathematical accuracy bv mach~nes 
X . dE@lled fiir the purpose. And compare it with the Tay Bridge, m t h  its spa~s_of~ .  

W5 feet ;-as SIX columne, with a taper of 12 inches in a height of more t h m  80 feet; 
and witlionly oue instead of two raking columns on each side;-its cast-iron lugs 
witeh the holes cast with them, to which the ties and struta were attached ;-its two 
L girders unconnected with each other ;-its conical boltholes in the flanges of the 
outer columns. And the only conclusion to which we can come is, either that the 
former was extravagantly strong, or the latter inordinately weak. 

+emops, (1.16.) Sir Thomas Bouch was asked by Mr. Barlow, why he dev~ated from the 
9mhby Thaws Sir plan which he had adopted in the Beelall Vraduct, and he then gave the following 

rather remarkable evidence. 
17.214 ( X r .  Brrrlmo ) Do IOU rrmembe~ what descrlphon of horizontal tres were used in pour Beelah 

\ ia&t ?-he&. 
17,216. Wrnt did the hoalzoutul ties cons~d  of; from the drawlug I hnve been they appear Lo consist-of 

girdera ylneed qwte m 0 8  betwoo the columns '+-Thnl 1s from column to column ; yes, aud the trea go Into 
them. 

17,216. In th~s strurtula you departed from that construction ?-Yea. 
17,217. T h y  d ~ d  you d e p t  from thnt constructron?-I m only te l I  you this, that I had a d~fferent idea 

of the forec of the-wrud nt that trme M o l e  I got the report on the Forth Bridge. 
li,218 (The Co~,mmrssun,cr.) Is thnt the only Feason why you did away w ~ t h  those ttes ?-They went so 

ruuclr more expenswe, t h ~ s  m% n sn\-rug of money. 

(119.) Mr. Humber says that the Beelah Viaduct wss one of the lightest and 
cheapest of the kind. that has ever been erected. Apparently, however, Sir Thomas 
Bouch was of opinlon that a lighter and cheaper structure would do for $he Tay 
Bndge, although one span of the latter was more than equal to four spans of the 
waduct, so that for the same length of girder, for which 30 columns were considered 
necessary in t.he viaduct, the Tay Bridge had only 12, and those of a very inferior 
constqction. 

Respwibility for the Accident. 
R ~ I & I S I -  (120.) The conclusiou then, to which me have come, is that this bridge was badly 

des~gned, badly constructed, and badly maintained, and that its downfall was due to Sir k'tmm 
~ ~ d a .  inherent defects in the structure, which must sooner or later have brought it down. 

For these defects both in the design, the construction, and the maintenance, Sir Thomas 
Bouch isi'in-our opinion. mainly to blame. For the faulta of design he is entirely 
resgonailjle. For those of construction he is prmcipally to blame in not having exer- 
clsea tkat. supervision over the work, which would have enabled-him to-.detect and 

~ apply aremedy to them. And for the faults of maintenance he is s l ~ o  principally, 
~f not entirely, to blame in having neglected to maintain such an inspection over the 
structure, a6 its character imperatively demanded. It is mid that SE Thomaa Bouch 
must be judged by the state of our knowledge of wind pressures, when he designed 
and b u l t  the bndge. Be i t  so, yet he h e w  or might h v e  known that a t  that time 
the engineers in France made an allowance of 551bs. per equare foot for wind 
pressure, and m the United States an allowanoe of 50 lbs. And although there 
seems to have been no agreement amongst English engmeem ss to the allowance roper 
to be made. Mr. Brunlees told us that he allowed 30 lbs., and even Mr. Baker a P lowed 
28 lbs. Sir Thomas Bouch was building a bridge on somewhat new prinoiples, and in 
a po&on where it would be peculiarly expoaed to the action of westerly and south- 
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@lee; and not only doe8 he meke no sllawanoe for wind pressure, but 
sotnally builds the bridge weaker m d  lighter and with mder spans, than in his 

P r e ~ o m  works. .-To have b u l t  and designed a bndge which, if properly construckcl 
-m all respeh, would only have borne a lateral pressure of from 60 lbs. to 701bs. per 
'square foot, when a pressure of 40 to 5li lbs. of wlnd was quite possible, was a grave 
error of judgment. Whether, too, the calculation of its stabihty, or the maxlmuin 
pressure of the wind be or be not erroneous, matters very little ; the bridgc fell m J 

g4e.of wind- which, though violent, was -not one, wh~ch could not and ought not to 
..hqe beeh ippjyided against ; lt fell solely by the actlon of the wind ; elther then the 
marg&'of safety was too low, or the defects tdo great. In  nelther way can Sir Thomas 

:&uch escape his responsibdity. 
(121.) We think also that Messrs. Hopkins, Gdkes, & CO. are not free from blame fie+ptur- 

for having allbwed such grave irregularities to go on a t  the Wormlt foundv. Had halet/ g'th 
-competent persons been appointed to superintend the work there, mstead of itR belng Contrno(ors. 
ibft almost %holly in the hands of the foreman moulder, there can be llttle doubt that 
the columns would not have been sent out to the bndge wlth the senous d e f e c ~ ,  

have been pointed out. They would also have taken care to see that the 
-boltr;holes in.,the;lugs and flan es of the 18-inch columns were cast truly cylindlical, - .  
o~-ifith~~.Q6auld-:not be done, t ey would have called the attention of the engineer or 
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: 2 h i s t l s l s ~ - k  to fKe fact; but that does not appear to have been done. The great 
--bbject ieegs to .have been to get through the mork wlth as llttle delay as possible. 
Githout seeing.whether i t  was properly and carefully executed, or not. 

- -(122.)' Th& Gompany also are in our opinion not wholly free from blame for havlng The Haa/wot, 
dowed the trains to run through the high girders a t  a speed greatly in excess of that, f i m ~ * ~ .  
&ch General Hutchinson had suggested as the extreme 11mit. They must or ought 
6 have known from the advertised time of running the trains that the speed over the 
summit was more than at the rate of 25 m~les an hour, and thex should not have 
allowed it, until .they had satisfied themselves, which they seem to have taken no trouble 
:to do, that-that speed could be maintained mthout Injury to the structure. 

(123.) I t  remams to inquire whether the Board of Trade arc also to blamc for ThcBoardV 
.havmg allowed the bridge to be opened for passenger traffic. as and when they did. T7udc. 
Lf)t us see.theh what are the duties which the Legislature imposes upon the BGard of 
Trade in oonnexlon with the opening of new lines of railway, and how those duties 
y6re"pei-fo~ed'in ~. this case. 

(124.) By-%h,e Act 5 & G Vict. c. 55, S. 4, it IS enacted t,hat no new h e  of radway shall 11. p m s  
.be opeiled.fof, passenger t r a c ,  until one month after notice of the company's intent~on 
.to open 1t:h.m been sent to the Board of Trade, and untd l0  days after notlce has 
been sent that it is complete and ready for inspect~on. KO plans or drawings of the 
structure are required to be sent before the service of the notices, and as a fact me arc 
told that they are seldom sent before the 10 days' notice is served, and frequently 
not until afterwards. One of t.he inspectmg officers of the Board of Trade has then to 
-&iiie the-phns -md debils, to inspect the railway, and to make his report; and if 
p-i61jy,of &s-=$bort and an order to postpone the opening are not sent to the radway 
XutEoiitieis before the expirataon of the 10 days' notice, the company may open tho 
'-,line:for pmsenger traffic without the sanction of the Board of Trade, whatever may 
b& then state and condition. Seeing too that the inspectmg oflicers m q , y h e n  the - 
-not~ce reaches them, have other work on their hands, i t  IS obvious that thc exmihation 
and ins ection can be little more than superficial. 

(125.P It seems that on the receipt of the usual notices from the North B r i ~ ~ s h  (burn  
Railway Company of their mtention to open the Tay Bndge for passenger traffic, taken :R thr 
Major-Geneml Hutchinson, one of the railway inspectors for the Board of Trade, was present cm. 
instructed to inspect the bridge. The inspection took place, as F e  have stated on the 
.25th, 26th, andZ27th of February 1878, and on that occasion the company placed at 
:General ' Hutchinson's disposal, for the purpose of testmg the bndge, six nev goods 

epch of which weighed 73 tons, and measured 484 feet oFer $1 ; and as thc 
td'tiill weight.of, the---six engines was thus 438 tons, and the total length 291 feet, 

-this give % pressup of rather more than l+ tons to eveq running foot, which 11, 

-sidered,a vefy severe test. These engmes were run smgly and together over t h ~  
-'bridge a t  various speeds up to 40 miles an hour, and the extent of the deflection 
and of lateral oscillat~on having been carofully noted. the results, to use General 
H u t c h o n ' s  words, were considered eatisfsctory, the bridge hanng beeu found to 
be stiffer than he had anticipated. Acoordingly, on the 5th of March follomng he 
reported that he saw <' no reason why the Board of Trade should object to thc 
rtul*ay on the Tay Bridge being used forpassenger traffic." 

U 2  
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~ a m t  (126.) I n  giving his eridence before us, &era1 Butchineon waa asked, (Q. 15,987) 
H~~l ; :**ou  whether his exmination of the bridge on that occasion had been suffioient to enable 
saw no him to make his report. and he answered. "It was. I observed no s y m p h s  of 

.T&l60?4 kl realmess. which in my judgment gave any reason to doubt the stablhty of the 
&h@@te " stT~icture, of course alnays presupposing that the materials of whlch it was con- 

.' stnicted were good, that the ~orkmanship was good, and that it was properly 
malntal~ed."- Mr. Bidder, not bein satisfied n t h  this answer, and anxious to B obtaii:a,~tronger expression of oplnion rom him on the subject, asked him, (Q. 15,989) 

;.I thlnk -I gather that m your judgment, assuming it to be properly constructed, and 
. the \vorkmanship to be good, the design was satisfactory; " but General Hutohinson 

msn-ered, "I vould rather put it in this way ; that the design was not unsatisfactory ; 
there was-nothing in the design in my judgment to warrant me in objecting in any 

- .. . . way to it. Of course no one can say that a broader base would not be a desirable 
I .thing." General Hutchinson decl~ned to pledge himself to a general approval of 

the design ; all that he wonld say was that he could see nothmg in it, which would 
justify hlm in taking the very strong measure of withholding a certificate. So also 
with respect to the msterlals and the workmanship, he declined to say whether they 
were good, nor was i t  posstble for hlm to do otherwise, seeing that the whole of the 
ro rk  was-.finished, a d  tlie defects, if any, covered up, when General Hutchlnaon 
made hls-inspection. He admitted very fan$ that his inspection had been only a 
superficial one, and that he could judge of the work only from its appearance 
externam. 

fim&fthr (127.) It is important to bear this 1n mind, for there seems to be m impression 
. ~ M ~  abroad that, afwr a work has been inspected and passed by the officers of the Board of 'cm". Trade, the engmeer and others, by whom it has been constructed, are relieved from 

responsibdity for any defects, mhrch may subsequently be discovered; but thls can 
hardly be so. If the inspectiug officers are to be held respousible for all defects both 
of design and of construction, not only should the plans be submitted to them for 
their approval before the work is commenced, but they ought durlng its progress to 
be allowed to exercise the same amount of supernslon, as the engineer and his 
assletants are supposed to do. Whether the country would be prepared W sanction 
any such interference wlth pnvate enterpr~se, with the view of relieving those, who are 
and ought be primarily responsible for the work, may well be doubted ; but however 
this may lie. the Leg~slature has not done so. A11 that the law requires is that the 
officers of the.Board of Trade  hall sal-, not whether the design is good, and the 
work constrnhted on the best prmciples, nor whether there are or are not any latent 
defects in &but ahe t l~er  they c m  glve any good reason why it should not be opened 
for passenger traffic. 

Gnwhl (128.) One point, bonever, deserves to be noted in connection with General 
~?~(chkmon  Hutchinson's Inspection, mid it 1s this, that, although he seems to have tested the 

h0 bridge sufficiently, indeed severely, for a vertlcal dead weight pressure, he made no 
a1lmcf4noe 
fm allowance of .any kind for w n d  pressure, i t  not being, he said, the pract~ce to do so. 
.frteasuie. It ma? be.well to quote what he says on thls snbject :- 

16.0fi). ( ~ h ;  (~mn,~~ts.rwwr ) Uld )ou make nly  C . I ~ C U ~ ~ ~ ~ O I I ~  nt 1111 ~ I I P I I  the-e plila, weir g l rm to you, a. .. 
tu wl!nt-fow of-R-m11 uould BP -~~fficiei~t  to ~1wrt11111 the b~idg(: ?-XO, 1 did EO: 1 made no d c n l a t ~ o n < -  

- aa regntds,thcg l id  
. . . -16,Oi1~~Hoi~.d1~l.)u11 judge tlre~t of the .tnh~la) 04 the br tdp,  11 yuu 111adr I N  cnlculntamr !-h I have 

-qll&dy qntcd;. th~;subjeet of wind plc-zum aerer entelwl 111to the cnkulnt~ons that 1 m&, and never had 
ctuue, !-,br!~ere-.m; 1 all1 not wy, enll  c.nglnreis' calculnt~ons, hut n.; far  as I know, it has never been 
t&n'-mto-ncco-unt. ' * . 

16,0i2 ilowou-L-no? whctbri i t  I* W 11) A m e ~  IW or r F m c e  ?-I cnnnot say I behere that ~o France they 
hn\c some iuleijbnt 1ih.u rlcrct heen 111thnto cummnly 16 this eouutry, ab far aa I am aware, to mnsider t h ~ s  
qtlealon, espemxlly tn nu open stmctuw bke thie Hnd the grdera h e n  p l ~ w  girdcrs, it would, of course, 
have \truck one nnlurnllg thnt ono ought to fnke \cry great vare s h u ~  the wud. 

(129:) Further on he sa~d,  m answer to a question put by Mr. Barlow- 
16,CS.I. W ~ t h  r&l to the w~dtlt of bnw, IF ere~ythmng was made stlong and g o d ,  wttb ptoper holdlng 

down bolts, nnd with \cry sufficieut a ind  t l c ~ ,  do you thmk that wd th  of base inxuffio~en~l-Eo, I &,,k 
uot ~nsnfficienf. IT weq-thwg was thoroughly p o d  and mnde M solid and suhstm(ial W pobslble. There 
wuuld Le, I bhouhl imag:me, (zurte 60 h. or i O  Ills. of ntabll~ty agmnst h r a l  pressure, supposing these piers - _  urw as one, nnd the h o l d ~ ~ ~ ~ d o r n  bolts good I hare not made the cnlrulnuon wlth regnrd to the holding- 
down bdts ;  I hnvc made 11 w ~ l h  megnrcl to the plers da~allog on the11 Irgs, and l make it mmethlw over 
10lbs,  w~thout taking in the hoidmg-down bolt\ 

(130.) When General Hutchlnson gave his answer that he considered that 60 lbs. 
or 70 lbs. of stabihty would not be insufficient, he could hardly have known that - a wlnd pressure of 40 1bs and even 501bs. was qulte possible, wh~ch would leave 
'a margin of stability of only about half. After what has come out in theoourse of this 



it is clear thet there can be no jusMcation in future for disregarding 
dtogether, as seems to have been done, the effect of wlnd pressure on such a structure 
88 this ; Eut whether General Hutchison is or 1s not to blame for having so done, Sir 
T ~ O & N - B O ^ U C ~  is not relieved from his responsibility. 

Stand% portion of th Bridge. 

(131.) It remains for us to my a few words in regard to the portion of the bridge 
which ia still standing, and on which we have had a 1,eport from Mr. Law, which 
:will be found in the Appendix. 

(132.) Nr. Law, after calling attention to the bed of the nver, which he states 
& ~ - s h d w s  a tendency to scour, and will therefore require to be carefully watched, 
:observes that on piers 15 to 27 to the south of the high girders, and piers 42 to 48 
-to. the north thereof, the weight of the superstructure is wholly borne "by four 
'" 16-inchcolumna, whch are bolted to a foundation stone, and are surmounted by a 
" squrye wrought-iron box girder or entablature, which sup o r k  the superstructure " 1 In addition to which there are two outer columns, one on eac side, wh~ch are carried 
up vertically to the 1mt tier, and then rake inwards a t  a very sharp angle to form 
raking struts to the wrougheiron box girder. But, as Mr. Law observee, "it is 
" ev~dent'that in thew present condition these external columns are of very little 
" -service in strengthening the structure," (and we would add in resisting wind ressure), 

!l &' first, becauite of the very unfavourable angle of the wrought-iron ties, whic connect 
1' them with-the 16-inch columns, and secondly, because they have no direct tie at the 

.;" upper pai.t of the erpendicular columns to resist the thrust of the raking columns." B (133.) He abo cal s attention to a number of other piers on the north sxde of 
tbe bridge, where there are but three columns, two verhcal and one raking, "upon 
" which the latt~ce gmders of the superstructure merely rest without any attach- 
" ment." These three columns were, he says, "intended to be," and ought to be, 
" in one plane ; " but they are not always so. The lengths, too, of the lattice girders 
not corresponding to the distances between the centres of the piers, the joints of the 
girders are not vertically over the centres of the piers, deviating in some instances to 
theextent of 18 inches. The result is, there being " no kind of stay to prevent the 

movement of the head of the column in the direction of the length of t.he 
-" bridge, and no kind of attachment between the g~rder  and the columns," that 
-there is- very great risk of the girder, which here merely rests on the tops of the 
-columns, slipplug off. 

(-134.) These are some of the defects in the standing portlon of the structure, 
to which it is necessary that attention should be d~rected, in the event of ita being 
determined to restore the bridge. That it will be rebuilt there can be no doubt, for 

.the intemta of the large and thriving town of Dundee imperatively demand it. If, 
however, i t  should be rebuilt with its narrow base, its cast-iron lugs, its conical bole 
holes, its unconnected L girders, and with the other numerous defects, which we have 

:pointed out, and w~thout adequate allowance being made for mind pressure, a very 
seriausaesponsibility will rest on all conoerned, and one which the country would not 
v&y- reailgy pardon. 

l'lw two Reports w~tzpar d. 
(135.)- I stated m the commencement of this report that there was practically an 

entire agreement between my colleagues and myself in the conclusions, a t  whch we 
had-arrived ; and that almost the only ditference between U8 was, whether some facts, 

- which had come out in the course of the inquiry, ought or ought not to be referred to 
,more a$lCmgt&. 

'(136.)-;Tbee.'pointa, on which we we agreed, are as follow :-I agree with them in pant# or 
:$@l&&; -:. ', whtchweare 

.. - " ( 4 ) T a t t h e  .-.. is no evidence to show that there has been any movement or settle- agd 
-merit-in the foundations of the peirs. 

That' the wrought iron was of fair quality ; 
.T&t the c&-iron was also fairly good, though sluggish in melting ; 
;That the'girders were fairly proportioned to the work they had to do; 

- .- .. . . 
@.-&.A .- --: \ 
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(5.) That the iron columns, though sufficient to support the vertical weight of the 
girders and trains, were, owing to the wedmess of the oross bracing and its 
fastenmga, unfit to resist the lateral pressure of the wind ; 

(6.) That the imperfections in the work turned out a t  the Wormit Foundry were 
due in great part to a want of proper slipervision ; 

(7.) That the supervision of the bndge after its completion was unsatisfactory ; 
(8.) That, if by the loosening of the tie bars the columns got out of shape, the mere 

introduction of packing pleces between the gibs and cotters would not bring 
them back to their positions ; 

(9.) That t r m s  nere frequently run through the high girders a t  much higher 
speeds than a t  the rate of 25 miles an hour; 

(10.) That the fall of the bndge was probably due to the giving way of the crosa 
bracing and its faatenings. 

(11.) .That the imperfections in the columns might also have contributed to the . . 
same result' 

These are thc points, neither few nor unimportant, on which I concur with my 
-colleagues. 

Fa&. ~6 (137.) The points, on which we are not agreed are, aa to whether some facts, which 
-daddh have come out in the course of the inquiry, ought or ought not to be mentioned. The 
by *- . following are some of the facts, to which I refer. 
, (138.) In  the first place, I Link that the error in thc borings ought not to be passed 

over 111 silence It is said t.hat engineers are always hable to be deceived by the 
borers, and that therefore Sir Thomaa Bouch could not be held to blamo on that 

- acoonnt. But that argument does not satisf,~ me. I should have thought that, if 

- engineem are liable t,o be deceived b~ borers, it is all the more important that, before 
designmg a bridge, they should satisfy t,hemselves, beyond a doubt, of the accuracy 
of the borings, and which there rould hmc been no difficulty in doing in the present 
cabe. It is also said that, as no movement or settlement was found after the acczdent 
td have occurred in the foundations, the error m the borings was not important. But 
that also does not satisfy me; for it 1s clear that the error in the boringa led to the 
alteration of the piers from brickwork to iron columns, and that that undoubtedly waa 
the cause of the iasualtr. 

~ h e l i s h r k z r ~  (139.) Secondlv, I think that we are bound, in jushce to those most deeply interested 
the &*S in this case. car&ullv to consider all t.he various sumestions which they have put 

wkh IR 

the design. 

forward to account fzr the fall of the bndge; and itVCherefore seemed td me th& it 
would-not be fair to them or bat~sfactory to you, that we shouldsimply give it as our 
opinion that the train had not struck the glrdcr, mthout statmg at  length the grounds 
on which that opinion was formed. 

(140.) I thmk also that it is not sufficient to say that the supemision a t  the 
Wormit Foundry, and in the subsequent maintenance of the bridge waa insdcient,  
wlthout saying in xhat  that insuffjciency consisted, and who W= to blame for it. 
(141.) I think also that it was our duty to call attention to certaan defects in the 

design, which rendered the btructurc weak. and thereby contributed to its fall; for 
instance, to the narrow base, the slight inclinat~on of the outer columns, and thc 
om~ssion of the spigots at then bases, and to the casting of the holes m the lugs and 
in the flanges of the 18-inch columns. I thought also that these defects could best be 
shown by comparing thc work on tho Tay Bridgc with that done by the samc engineer 
on the Reelah Viaduct. 
(142.) It seemed to mc also that we ought not to shrink from the duty, however 

-painful it might bc, of saying with whom the responsibihty for t h ~  ca~naIty re&. 
My colleagues thought that t h ~ s  was not ono of the questions that had been referred 
to us, and that our duty was simply to report thc causes of, and the circumstances 
attending, the casualty But I do not so read our instructions. I apprehend that, if 
we thlnk that blame attaches to any one for this casualty, it  1s our duty to say so, 
and to say to whom it applies. I do not understand my colleagues to differ from me 
in thinkin that the chief blame for this casualty rests with Sir Thomas Rouch, but 
they consi % er that it is not for UA to say so. 
(143.) Laatly, my collca ues in their rcport call attention to the fact "that there 1s no 
requirement istjued by t f e Board of Trade respecting wind pressure, and that there 

" -does not appear to bc any understood rule in the engineering profession regarding 
-' wind pressure in railway structures;" and they therefore "recommend that the 

Board of Trade should take such steps as may be necessary for the establishment of 
" rules for that purpose." I cannot, however, join in that recommendation; for it 
appears to -me that, if there is no "understood rule in the engineering profe~aion 



regarding wind pressure in railway structures," it is for the engiueering profession, 
and not for the Board of Trade, to make them. I will add that, if I rightly under- 
stood my co&qpes at our last interview, they concurred in the conclusions, to which 
'I'had comei.that-there might be o n~ax~mum vind pressure of from 40 lbs. to 50 l b ~ .  
per aquare foot, and this too not only over a few feet, but over the whole extent of a 
span of one of the high glrders, and I gather as much from their Report. And if 60, 
seeing that it is the practme in France to allow 55 ibs. per square foot for wlnd 
pressure, and in the United Shtes 50 lbs., there seems to be no reason why a similar 
allowance should not be made in thls country. 

'.(144.) I will only add, in conclusion, that I should hardly have ventured, in a case 
if so much- difficulty and importance, to have made on my own respons~bility the 

-remar& I have done, had I not felt that they are fully borne out by the eridence, that 
.bs-been laid before us; and that, although my colleagues have not thought fit to join 
in -this - %art, they do not differ, except perhaps on some very mmor points, from 
the conclusions, a t  which I have arrived. 

I have the honor to be, 
Sw, 

Your most obed~ent, humble Servant, 

H. C. ROTHERY. 




