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i~w;ly two or IIII'PP pilw of zinc sltcds that w r c  
l?.i11;: I + W  ~ I I  thi. wrwn. ,111 01' tl~cwb \\.(W, I 
l~?*livvc\, clv;tr of thr ~tnyinq-lmt 1 tllongllt it 
ntivi<\l.~lt~ i n  licltfc.n tllr ~ w n f .  T11el.e T W ~ I .  : l l~~tt t .  
'YI to :Ill ..;llc-ls I I ~ '  xillt- in tqcll 11ilc. 'rhs lncn 
111~qai1 t c ~  mnvc thrnl clo\vn, an11 T lic~lpt~rl thwn. 
' I ' I I * : ~  :\l511 lltyqtn r t l  wnww rslitvls of ~ I : w  n ~ t t  Of 
:I tv:trtb ~ l l i c l ~  w:rs 011 t11v c.ro\vn of t I I V  ~wof. ill~nnr 
1.; fcv.t frcml tile priric:iln~l. 1 1t:d jnac ri*:~chc*rl tht* 
guttvr :II the t ; i ~ ~ k  &(It. 01' the roof, whrn 1 w w  
llw ~ ~ O I I  ( : ~ I ; \ I I I I I ~  c rwl i in~ ,  111111 T shon t~d  10 tht. 
i n  to I I n .  Th tw  might I1:1ra I x m  f ire 
01 ,  six )III.II nn tlw I . I ) I I ~  i ~ t  the tirnt.. 1 do nfit 
r~wtwlltt.r iinyrlling nwre utltil : t i t w  thtx fit11 of 
t I W  r t d ,  W I I V I I  l fo1111(\ 111p4f j114 :I IMIYV tiw 
t:111k i~utsirlc tlw wdl. \YII ( , I I  l \WS t111 tlw 
st:~gi~t: l w~ttld I I I I ~  SIT tlw II I : I~IL  tiv-lw~ I I ~ ~ W -  
nc1i11 i \ - i t l~t>~~t  k~l(vlitig 11ow11, :IIIII T t11011~llt at 
first tl~:ti the cl:tnpl* \ Y : I ~  1ncro1.v nl' tllis Iitttice 
I I ~ r ; ~ l ; i ~ r  l 1 1  f l l i n  l 1 1 1 v .  T clit1 not 
t l c ~ t i c v .  i111y >.tg~'ili: nf ~ I I P  ronf. 1 sh~bltlcl 
tlmt the WIIOIV t i l l i t !  t11i1t c - I ; I ~ I s ~ ~ I I  I W ~ U Y P I I  I I I ~ ~ I I K  
t i l t !  lint lioisc., :tile1 tht. fill1 of tllc roof \\~otlld I n ?  
t 1 ~ 1  il~itl~itt~n 1Tntlcrn~;tth t w l ~  of thr? sbageu 
\\.cr.(! hanq cc.;rnv;ln 1 1 ~ p  fnl. tlw ~ i f ~ t y  of t h  111~11 
:it work. ' l ' l~ t -  111;1tf11r11is tIo\vn 1)1+111\v \wrt8 pro- 
ic*t::c#tl 11y lizht ytr.ltrtrIrc.s elf  ~ ~ ~ d \ \ - o r l i  r.~~vt:rt.~l 
wirh c . u ~ ~ c r l  (:orr~rgittcd ahnc*ting. 3iy ~ I I S ~ ~ I I C -  
t ims. its wg:~rt l3 the 11ri I I V ~  11;1k, \vtw l o W C I ~ ,  
~ ~ Y I I I ,  a1111 rt-pai~li all llic ~uc~irlwr.{, h t t  not m 
rvnew, c111 tmt. t:~kt> a w ~ ,  41r r ( ~ p l i ~ c ~  ;rn? I J E  tlin 
irorl \vork \ \ - i t l~~~n t  fiwi rcqwrting t h  nrcwssi1.y 
For tloing so. 

,?'athtttit~l f lo f~ l ,~ ,  Ial)tmrc*r in the ru1111ny t ~ t '  

thc t~l~ciiwt.is tlcl~:~rtmtwt, start*- : l \ ~ N S  u w r k i n ~  
011 t 1 ~ .  t d n p  111111 \\-as h n l ~ a  in the f1wrr11 11:11wi 
from the w x n t .  l I I I I \ ~ l i .  I 
ht~ut~tl :t ltrtrtl 1,:rnz." 1 clitl not kilo\\+ \\-11;1t t l l ~  
1111itzt. \1-;14, Imt 1 uoticrtl t1t:it 1111. t;ci~fl'~~ltling 
setw~t~rl to drop :L little. 1 thong!lt rhnt st1111e- 
 thin,^ I I R ~  qnnts wrnng with the atagr so 1 ctin~l~vcl 
on to rlrt. r ~ ~ o f ,  :untl p ~ t  rlo\vn thr 1a1ltlc.r. i rnr.1. 
MY. Stirling :IS 111. canltn frtln~ hin nffic(>. IIP 
:tskc*il, .'jl'l~at is tlw 111iitt1.1' '' i J i t l  IIOG $top. 
Sonic~otlc~ rlso ;tn~\vercrl hi IJI. 1 thonqllt some- 
thins: 1111tl gnnc \\irong wi'll the scatl'olding, a11tl ! 



Was afraid to go back. 1 had been wnrking for 
s c ~ r r a l  weeks on the roof, hnt I hail not during 
that time hearil any sort of noise that ~ ~ 1 . :  

uncommon or called for attention. 

Dctvid Rtrr~n, signalmaii at C'haring Cross hox, 
states : At 3 . 4 1  p m .  on the 5th December, 1 wah 
looking towards the station, and saw the west 
side of the rooi falling. The v i n d  screen 
afterwards fell towards the north. The last train 
to leave No. 2 platform -\+as the 3.35 p m .  Sol 
Hastings. This train left at  the proper time. 
An UP-train arrived at No. G platform at 3.39. 
There were no other movenlents i n  the station 
in or out betwcen 3.:3,5 ancl 3.54, when the roof 
fell in. Before 3.11 I hearil no noise to d ~ a w  
my attention to anything in the station or roof. 
At  3.43 1 bloclced back to Rrlvedere. I hacl the 
2.5 p m .  up-boat train from Folkestone offered to 
me at 3.45. I did not accept it. 

Jol~tl i l ' k o i ~ ~ t r s  T.litorlluizn', chief platforn~ in- 
spector at Charing Cross St'htion, states : I had no 
warning of an?-thing being wrong before the 
accident i~appened, and it 31 as on retnrning iron1 
No. S platform to the bqnare, that I heard the 
noise ot the roof falling. At first I thonghi that 
ic x a s  an erigine boiler ihat liacl burnt. I i n m e -  
diately sent to the hospital for assistance. 

John ,Veltrrjicld, guards' inspector at  Charing 
(:row Station, states : ,lbout 3.30 pm. on the 
.5th December., I was in my office above the 
bookstall n h e n  I hearil w slight report. I t  was 
rlifFerent from other statlon rroibes, and I called 
the attention of my inate who was in the office to 
it. He tltoug~lt that it nas w train running intu 
the buffers, but I did not think so, as there was 
nothing moving in the ~tation. Nothing more 
happened then, and I \writ on wiMl my work. 
About 3.45 J heard a loud noise as I was sitting 
looking up the station. I looked up ancl saw the 
wood staging, on which the men were working, 
beginning to tall. The roof immediately followecl, 
the last thing to fall was the screen at the end. 
There was no warning to anybody on the l~lat-  
forms, tu my knowlecige. 

H t r t ~ y  ,Yforw, l~latform inspector at C'haring 
Cross Station, fitates : I xias on No. 6 platform 
about 3.30 p m. on the j th  December. I heard no 
shouting from the roof. About :1 34 1 heard a 
report like a guu.shot up in  tlie roof. I looked 
up and saw one of the tie-rods broken ancl hanging 
down. I t  appeared to be over. No. 2 platform. It  
was only the tie-rod of out. panel that waz l~rokrn.  
I then looked up  to the roof, a ~ 4 l  noticed that it 
wab slightly bending inwards. This was imme- 
diately after the :) 3411.m. train hCtd ami\ ccl. 1 then 
went o~ er to Nos. l and 2 platforim 21c1 ohb the 
].ails. [ told Hatch nhnt  1 liad seen. I coulcl 
bee that the tie-rod wah brokc,n btanding on 
Nos. l ancl platfornw, but the bend in tlie roof 
was not visible. I went back to No. C; platforni 
as I had the 3.39 train to book ont, and as J liasbccl 
on l ~ i y  way 1 cau t io~~ed  other men. When 1 got 
to No. 6 platform, 1 could we  the roof wab niol'e 
bent than before. Tbv ::.:l!) tmin went out, :m1  
thp :\.K\ came in at tlir same platform, No. 0. 
Then a mail who hat1 comr clonn the ladder from 
the roof came from between thc carriages &mcling 
on No. (' line, and hr. haid, ' $  Look out, governor, 
the roof is all c o ~ n i l ~ g  down," so I turned and van 
in~xarda with otherb who were on the plarforni. 
There were no ~ioisrs  qoing 011 in  the roof, or 
g l a ~ s  falling, after the first report occurrecl until 

the v-hole roof fell. There mas a man at the head 
of No. 2 platform who was on the look-out for 
clanger From falling articleh. He war one of the 
people I spoke to, to draw attention to the bending 
of the roof. I went across to No. 2 platform 
because l thought that there was some danger of 
the broken tie-rod falling. I did not think there 
was much danger at No. 6 until the man came 
lown the lacider, ancl said that the roof wn8 
falling. 

W i l l i c ~ t ~  Edward C+oodr*hilr?, yard foreman at 
Charing Cross Station, states : I m-as standing 
at  tlie door of our lobby, which is under the 
Charing Cross signal-box, about 3.30 p . a .  on the 
5th December. About this time J heard n load 
report. At first I thought that an engine or train 
had run into the I)uffer btops. Eut I at once 
remembered that there was nothing moving in the 
station, and, therefore, it could not have been 
an3 tliing striking the buffers. I recognised i t  ati 
an unusual noise. The next thing I saw was 
some pIatelag c ~ s  running txvards the station. I 
got on to No. I platform under the covered way, 
and saw a stay broken, I liuderstancl it is called a 
tie-rotl. 'L'o the best of my rrcollection i t  appaareci 
t9 be broken in the 4th panel from the me-;t wall, 
close to the eastern coupling, and to be hanging 
from the second coupling joint. I t  appeared to 
haye b~mk'n away Eron1 the third coupling joint. 
1 clid not think it was anything serious, and 1 
went outside again. I s a ~ v  all the  wen conre 
down the ladder from the top. Several went back 
again. 1 sax* a rope being dropped through the 
roof, and I thought it was ~nean t  to catch hold of 
the t~e- rod  which wab hanging loose, and to hold 
it up. I then went back to the box. About 3.45 
my attention was again attracted by a second 
report, much louder than the first, and I looked 
up and saw the roof fall. I saw there were two 
men on the top as it fell. 1 noticed there waa 
confusion, not only among the workmen on the 
roof, but a lw amofig the people on the platform, 
when the first report occurred. 

Hu t't'y Cocl,, out-door assistant to the locomotive 
huperiniencleni, states : I arrived at Charing Cross 
by  the train dne at  3.34, \vllich was about a minute 
late, I walked off' Nct. G platforln into the yard. 
whew the loconlotivr foreman usually stands, 
He  was not there, so I walked towards No. 1 
platform. I was met by inspector Stone, who 
informet1 me that a tie-rod i n  the roof hacl lxwken, 
I said to him, " I will go ancl look at it." C)n 
walking further up S o .  1 platforn~ I met loco- 
motive fore~nan New. He  also told nic a tic rod 
had j t~st  broken, m11 wked me if 1 could see it. 
I could not see it from where l was stancling, ancl 
I walked further along the platform and s;o& 
almost iml~ led ia te l~  nncler it. 1 could not eeQ 
it from the liead of the platform on account of the 
clarknebs under the roof. I t  was not until 1 got 
nearl: under it that I could hee that the tie-rod. 
was broken, :end hanginy tlomn. l'u the best of 
my niemory it was broken bet den the ~ec.oiv1 aucl 
third vertical stays. I t  was hmqing clunw from 
the second si iffener from the x d l .  I then heard a 
rumbling noiw overbrad. l tarnecl to foreman 
Neve ancl said " Look out, I lwlieve there is eome 
more coming," and we only just had tinit! to escape, 
\Ye ran outwards to the south, ant1 I was struck 
by something in  the back. I uoticed no fall of 
glass, nor of any albticles whatever prerioasly. 1 
am still of opinion that the break occwred betweea 
the beconcl anct third stiffeners. Of course, I 
cannot be absolutely certain, but from where 
I btoocl un the platforni that was my inipression, 



too 
, w ~ r t m &  N a ~ h e i - ,  police c~ns t~ab le  in  the ra,ii- 

-awica, states : On Deceu~1.w :it11 I w w  
kiur tickets at Nos. 3 anrl 4 platforms, aboq$ 
!*.W. X hem% no unusual nc~ise in  the sttltion. 

~.nncitable Fitt camr t<o nie from No. 2 
-N, :u~d  pointing t'u thc stay or rod, he &cl, 

I ) .  I !-IW notice that stay was broken there ? " 1 
rt W I I R L ~  he pointed it out. He said he would 

.vvI W. what was t,he matter. h e  then started 
nil No. 2 platform. About ten niinut,es 

,.h-. :W f:hr as I can remember, I heard a loud 
d~. : I I I ~ ~  I also saw glass falling. Then t,he 
1#1!1. rnnf appeared to collapse and come down. 

7. Ikv.:tr :M I call teIl the stay \Tas hanging over 
-! ~h!form. 

i I ~ ; l l i r ~ t t l  lifitt, police constable in the railway 
V : ivt.. ~tates : I was standing on No. 2 platform at 
.- ! ,  vr.ivr abuut 3.30 p m .  on December ,311, when 
:., ~rvl :g ~h t t rp  report like a gun. I t  seemed to 

, I I . ,  irrrm the south end of t,he stration. I looked 
1 1 ~ 1 4 1  taaards that end of t'lie station, ancl noticed 
11 l+nrn of the stays was hanging clown as if i t  
; 1 w ~ n  broken. The train went out at 3.3;). 
itm w t  to the middle barrier. I spoke to 

. . l . l * l ~ ,  the foreman, and asked him if he hail 
4 ihv noise. We said No." I pointed t80 
.rmf ;ind showed him the stay Ilnnging dotvn. 
Art hme stnyed with him two minntes, and 
.!I \wkt to No. 3 platforin to see what was the 
W. I saw the stap hanging down from the 

.\R I stood on No. 2 p1at)fornl it appearcd 
I .  tl~:tt it wils the tie-rod in t>lie third bay from 
.\ell tl~nt had broken, and was hanging down 
I t!iv ~ i g h t  hand coupling. There was no 
. :IT 311, nor anyt8hing falliug except clnst. 

1. l l us t  went into my eye, but I.jegoncl dust I 
-I-~I nobhing falling. I stopped there some 
~imt*. as I thought t'he rod might break oF? 

and so 1 stopped people from coming 
-. I waited on until I beard a tarific. 
:(meone shouted '. Run," and I ran down 
1rt.m towards the hotel. I was looking at 
k when I hem1 the first report and I 
;:I!. it  n7as 3.32 or 3.33. Just before I 
( 1  rml I uoticetl that it was about 3.45. 
I : ~ t  the cluck on the secorld occasion 
I \vas tlue back t'o assist Barber at No. 'l 

.. c.  'I'he actual fwll of the roof did not take 
111 n few seconds of time from t'he inoirlent8 
;trd the seco~lcl rel~ort. 

I t '  11:. 

'.' .,. 
I I.. 

I , .  rrtvr LOWPS, platform. inspector, atat'es : I 
1111 Str, 9 platform about 3.30 pm. ,  ou 

' I I I ~ I W  5th, starting the 3.35 Hastings tlown 
I .  .\l~out 3.32 or 3.33 I was nnder the 
: ! i lw:~ry r.osrngated roof a t  No. 2 platform when 

I ; ; , . . 1 : * # 1  .clti~let*hing Palling on the corrugated sheet, 
t r , a ~ ~ .  11 \w?r an unusnal noise. J the11 starttvl 
, ; . P ,  :X ~ r : ~ i n  out. My attention was clraw11 t o  
-. , . l i .  Irwt vE the roof tlrat was hanging down I J ~  
$ ,  ., , wengers t,ravelling by the 3.35 train. 

As far dh 1 q p  judge, the he-rod was brokeri 
betwcen the :.ec.ontL anil thirtl btiffwars. I t  I d  
I)rolien aw,ry f w m  the second coupling p i n t ,  and 
WCLS hwging from the first c(\upling joint. Mr. 
Porter, gds foreman, came UP ,md sitid that he 
thought ~t clanqerons for any l rAn to come in to 
that platform. We were then expecting the 
Folkestone boat traiu to arrive. I walked back 
with him, am1 he ad~isecl me to get the con- 
tinental trnin illto No. :! platform instehd of 
No. 1 for fear uf accidents. I started to qo to 
the telephone otfice at the north rntl of the 
station, but before 1 had got half way b x k  1 
llenrd a crash, and the roof cltine clown. There 
were no passengers or other people standing on 
Nvs. 1 and 2 platforms. I should say that the 
time of the second crash was about 3.45. I can 
remernber the time, as I looked at the clock, 
brfure starting towards the telephone oftice, to 
see how long there was before the boat tram. 
which was due at 3.50. I t  was then 3.45. 

J ~ r t ~ i ~ s  Porter, foreman of the gas ant1 plnnib- 
ing del~~rt i r ient ,  states : about  3.30 p m .  on the 
5th inst. 1 had climbed np the ladder leading 
to the top of the east wall, where some of my 
me11 were worlring, when 1 heard a report l ~ k e  
a gunshot and I felt the gutter shift. i went 
part of the ~ v a j  up the ladder to the roof to see 
what the noise was, ancl then I met the p ~ i n t e r  
coining off the roof. I asked him what was thr  
matter. He told me that sornethlng had gone-a 
g~rt ler  broken, or something of t h ~ t  sort. l ~ t n t  
back clown to thestation toseeif anything wab hairg- 
ing which might br  dangerous. I went down to 
the bottom, and passed under the btat~on by the cal? 
road and came u p  the cab entrance. l met 
Inspector Lowes on No. 2 platform, and thew I 
saw the tip-rod hanging down. l cannot yuitt 
say where it was hanging from or where it wab 
broken, but it seen~etl to be a long piece, a ~ t e n d -  
iug over more than one bay. I tolJ Inspector 
Lowes that 1 thought it was dangerous, and thar 
the mail train should not be allowed to run intr) 
No. L platform. I stood and watched the roof 
come clown. The west end appeared to fall first 
and the  ash b ~ r s  opened. My impression was 
that the tie-rod mm supported at  the wall, and 
the remainder of it, from the point where it was 
broken, somewhere between tne second and thml  
stiffeners, was hanging down. 

Ret i j r~mi?~ Ctiq i l i i l ,  bridge inspector of the 
engineer's department, states : The main tie-bar 
of the fallen principal llas been cleared SUE- 
ciently since mid-da3- to-day, the 9th inst., to 
follow it throughout. I t  is broken in one place 
only, between the second nucl third vertical 
6tiffener.s from the w e ~ t  u d l ,  ,ihont 12 to 
1 i- inches from the third coupling, also countetl 
froin the W Y B ~ .  

i . . ~ r ~ t q  1 ~ r ~ t i 7 ,  a workn~au on the roof of t,hc 
\r..i~ltv 'I'lrtatre, states : At :S.:;C) pui .  on Decein- . .. .'. . 1 \VIW on t'he crown of the roof of the 
\r--vw 'Ibvlttre ciose to the wall which separates 
.!I+. :~u+lirorium from t,he tstage. 1 was iu liiir 
. . ii t i u  wrwd pier of the station m d l  from the 

:ii:. . \ t  tlrnt time I he,ard a loud report l ikr a 
: i r.lliw t&. I t  appeared t80 come from the 
r. ,: lpf t11r Charing Cross Htat,ion. It  was an 
,:-;::d m u d ,  quite different frorn the noises 
, I- :I!-, twrkrnen on the roof were making. ( 11i 

!....~*irir tht* report, I turued round and saw a lot 

of men coming out on to the roof from tht. 
htagrr and running away. I could see the 
stages on which the men were warking. Two 01. 
three ~uinutes  afterwards 1 noticed about :L 
duzen men come back. The) came hack fro:]> 
the east side of the roof, and I saw them corn- 
mence lashinq np something, after getting t h r o u g ~  
the openings in the roof on to the btaqing. It, 
appeared to me that they were on the stage 
which was about half way u p  the west side of 
the roof, and nnder tlle glazed portion close to 
the second principal frorn the south. Bfter 



lookiing at a drawing of the elevation of the 
main girder, it appears to me that they mere in 
the third panel from the west. Imnlecliately 
after the first loud report, I saw a portion of the 
crown of the roof, which seemed to me to he 
situated about 30 feet from the bonth end, appear 
to drop or bag inxvards, and then stay in  that 
pyition. J resumed m? work, but on hesring 
f a ~ r l y  regular cracking noises from the roof, 1 
lookecl again to see what .was the came, and then 
noticed that c ~ a c k s  were aypearinq in the relievii~p 
arch-work of the station mall which connects th t~  
two end pilasters. The cracks alrlmtred to hegm 
very close to the second pilaster frorn the ~out l l ,  
and to run diagonally downwards nnct nortli- 
wards. The appearance of these cracks mule  
me think that there mas some danger, so I called 
to my mate and went off the 1*wf on to tlie 
temporary theatye scaffoiding, hich I S  sonth of 
the end of t h t ~  station wall. I theri saw the top 
of the second pillar from the south leaning 
outwards. I called the attention of the scaflolder 
to the appearance of this 'vall, but had scarcely 
done so before the roof fell in, and the wall of 
the station fell outwards on to the theatre. 
Where I was standing first v a s  abont on a level 
with the top of the station mall, and I therefore 

'1 Ion could not see the actual crown of the stc t' 
roof. I was working on the roof of the theatre 
o s  the 4th December. Both on that day and on 
the 5th, I was frequently within about 20 ft .  of 
the face of the west station wall. l did not 
notice during t l l e ~ e  d a j  s any cracks iu the wall, 
or pilasters, or other signs of failure. If there 
had been any cracks in that portion of the 
station wall, which afterwards fell, it was so 
close to me that I think I shonld certainly have 
noticed them. I should say that about 10 
minutss elapsed between the time I l~earcl the 
sharp report and the collapse of the roof. 

Bobet-t Lam>, scaffolder in the employ of 
Messrs. Patman and Fotheringllam, contractors 
at the Avenue Theatre, states : At about half 
past three on the 5th December, I was on the 
temporay scaffolding at the south east corner of 
the A~enue~Thea t re .  Where I was standing was 
actually south of the termination of the station 
mall. I heard a loud sound. I t  was an unusual 
~ o u n d .  I did not know what direction i t  came 
frorn. The sound appeared to mc as if it was 
iron or rivets breaking rather than a gun shot. 
I thought no more of the matter until the last 
witness called my attention to the condition of 
the station wall. When I looked I could see the 
top of the wall was 18 ins. out of plumh, leaning 
outwards. The bulge appeared first hetween the 
second and third pilasters from the south end. 

1 then saw the mortar crumbling away, and I 
knew that the mall was falling. I stepped haok 
and s a v  the roof crash down and the wall 
collapse. I had been working for Messr~. 
Patman and Fotheriagham for 10 or 11 -weeks ni 
the theatre. I erected the scaRolding on the 
east side of the theatre close to the station wall 
which fell. The level of the scdffolding mns 
considerahlp lower than the top of the station 
wall, but we were often quite close to the portioti 
of the wall which sul)sequently ft.11. The mall 
appeared to be in thoroughly good order and 
condition. I saw n3 siqns of cracks, or of its 
being oat of plumb. I do not suppose it wnh 
any fault of the ~va l l  that the roof fell. 1 haw 
lie\ er heard of any settlement in  the mall of thr 
tllcatre, or any part of the theatre before thv 
accident occurred. There were some cracks d n ~  
to an air flue which were of old standing, bnt 
 the^ were r~o t  clue to any settlement. 

Ed~ccct~J C'ollins, foreman scaffolder with 
Messrs. Pstruan ailcl Fotheringha~ri, states : I 
have been enlploytd at the Avenue ' l ' l~e~~tre for 
more than three months. I was responsible fop 
the scaffolding all round the theatre. There W:\$ 

scaffolding between the theatre \\-all and thrk 
station wall. The top of the scaffolding ib con- 
siderably lwlow the la\el of the station wall. 
I was on the toll of the bcnffolding allout 3.% 
p m .  on the 5th Dec-mber. I did not hear any 
nnnbnal noise from the htation, and I did nor 
notice anything, until my friend (the last wit. 
ness) called my attention to the conditiori of thp  
station wall. When I looked at the wall it was 
bulging out like a halloon. This w a ~  just 
opposite the stage of the theatre. The bulge go! 
bigger and bigger, and then it went all of a 
sudden. The second principal-co~ulting f r ~ m  
the south-fell first and a large piece of wdi 
immediately under it fell. The end principal 
fell afterwards, and brought the remainder of 
the waI1 with it. I stood and watched it 
fall, until the scaffolding-within a lengtk 
where I was stancling-was down, and theu I n 
for the ladder. I have had many opportun 
of seeing the station wall since Augnbt last, 
I h a w  noticed nothing in its condition wl 
would lead me to 6uppobe it was unsafe. 
there had been cracks of any importance or 
in  this wall I shonld have been sure to 1 
seen them, and if I had seen them I should 1 
called the attention of the contractors to th 
I t  does not, therefore, appear as if it was 
fault in  the wall which brought the roof do 
I never looked to see whether the wall was 
of plumb. 

Hctrry E'ustci , labourer in  the eugineer'\ 
drpdrtment of the R ~ i l w a y  Company, dates : On 
December 5th I \\-as watchman on the platforrtl~ 
in  Charinr Cross Station. My inbtructions mere 
to sonnit a horn in caw of trainb arriving, or 
passengers yaubinq, under that portion of th r  roof 
where the norknlen were engaged. The men 
stopped workinq at tlic bound of my horn. About 
X 4 0  p m .  I was sianding in tlie permancnt M ay in 
No. 1 road at the south end of rfle station. 1 
heard a loud noise as if something had fallen on 
to the tcn porary torrugatecl roofing of the 
platfo3.m. I thonyht somethinq had fallen on the 
roof between Noa. 1 2nd 2 roads. I got up ou 
the platform to ,ree what had fallen, but sreinp 
110 ~;ligils of anytl!ing I looked u p  to thc roof. 

I walked northwards and lookecl 1111 to the r 
I saw the men on the stage in  the third 1): 
from the west looking at a broken bar. Thie 
was under the staying. Some of them n 
kiletlling on the staging looking over. and otl 
were looking through the ~ tag ing .  It apljea 
to me that this rod was hanging frorn the see 
coupling joint, and that it was broken OR c 
to the thirdconpling. I warned Inspector Lo 
to keep people on the platform away from 
poini under the roof. 1 also ~vavnecl the iihur 
forcman ancl a gentleman who was seeing a( 
p;wsengers o#. At that time L had not P 
forrman Stirling on the stage. I then % 

south again round lsy the Custom House to 
if there mrere an) trains ap1)roachillg or moPi 



went back to where Inspector Lowes xvas 
le, md I sap; Stirling come to the8 edge of 
,,,. - . He shout'ecl out, " Watchn~an, stand 

l t&en got into t>lle permanent way of '  
wcl,  ant1 walked to\vards the signal-box in 
IJle road, with the red flag nncler. m~ arm. 

there t,o watch for and st,ol) any trains 
c, and to watch the signals. I kept 
I I I ?  the signals. All the rnrming siqnals 
15 to Nos. 1 anti 2 roads were at clanger. 
or hear any noises cornigr from t'he roof 
11. first lolltl sonncl. There were a few 
fi~iling whi& 1 thougl~t came from the 

. 1 next hearcl a great crash ant1 sa-w the 

.I 1.111.  I did not take any action for. protecting 
,G.  :: to 6 platforms because I thonght the only 
.?W -was from this one bar falling on 
.. I :md 2 platforms. I (lid not not'ice any 
,~iwr breaking away of the tie-rod from the 
t~~ling joints. 1 llare b w n  doing tjhis watch- 
!l'; work at Charing Cross Station since thct 
rli was commenced in last Angust. If I had 
I I  :~ny train approaching Xos. l or 2roacls I 
~ 1 1 1 ~ 1  llnve clisplagcil my red flag and stopped it. 
1 ( 1  I I I I ~  see anyone cleaning or tloi~lg anything 
rl,,. irdvertisements on the west wall of t,he 
~ i l l l l .  

;t,wye C'clulson Sfii21ing (recalled) states : 
. I.:llznnwas u p  in  t,he roof on the day previous 
r r -  h l l .  He went, up in tale roof t ,no or three 
11.4 revery week. l s a \ ~  no ~ i g n s  of :my move- 
I I ~  i n  the walls or. girders previous to the 
i l l r . r ~ t .  I have not yet seen the fractured ends 
1 I t v  1,ie-rod. 011 the \wst side of the roof, 
U I W  the first and second principals, all the 
G* \VIM remo~ecl over the st,aging, that is to say, 

t'lrlss o w r  l~alf tjhe bp. On t'he east sitle 
r,. were fovlr lincs of panrs of glass rrrnol-eil 
'r tlw staging. This glass which hat1 Iwen 
VII ~tnt had been remo~et l  from the roof. Th(\ 
II : I I  mtent of lightening the roof amounted to 

~ I I M . ~  of glass on each side. The ot8her glass 
u l ~ l  IIRVB been filled in before the stages \\.ere 
l l * ~ l V i .  

':'dtt*t~CI J f e ~ ~ c e r ,  foreman br.ick!ager in the 
I I ! I I ~  of the Coinpan y, stat'es : 1 have occupier1 

~waent  position for over 20 years in this 
1ric.t. I am nel l  acqaainteil with tjhe walls of 
~rinc Cross Station. There arr  cracks of old 
14lit~z in some of them. These are princil~nlly 
i i w  panels between the piers which support 

pit~cipals. No fresh cracks have been 
m w l  in the walls clurinp the last 20 years. 

llever hnre been to m y  knowledge any 
.I<:: in the pillars. X11 the cracks t'hat I am 

Il'r8 I+£  h a ~ e  '' tell-tales " fixed, and these are 
I ~ I I I V : ~  sPveral iimes in the year. There has 
:I I N I  growth of these cracks. There were 
I I -  rd these cracks in the t#wo panels of the 
;! will that have fallen. One of the cracks 
I tw now have under observation is in  the 
4 1 1  p:rnel from the south in the east wall. I 
1101 :]ware of any cracks in  the last two panels 

I I V  $oath of the east wall. I have given in\- 
.III:III. Hut'chinson, special instmructions fre- 
II;I~. ro examine the walls. He -\vonld report 
! I -  :it once if anything mere wrong with the 

.5:.~~1-. Lf there had been any movenlent out of 
I ~ I I I ! I ~ I )  I should have noticed i t  and called tmhe 
. . I : - V . ~ ~ S  attention to it. There was nothing i n  
:w .;r:itr- of t,he walls or their foundations, in  my 
4 n ; e  1,iir11, which car1 explain the fall of the roof. 

11. I I I ~  Hutchiizson, district forernan bricklayer, 
w: 1 have been employed by the Company 

,- tllatrict foremar1 for a h n t  2:4 rears, and I have 

been well accjuaintetl with the walls of C?hariug 
Cross Station all1 t'his time. I have had special 
instrnct,iond for t'he last 18 years t,o carefully 
watch the station walls. I generally walked 
ronntl the station and looked at the walls once a 
(lay, sometimes twice. In  the panels of the west 
wall llmt llave fall1.n I never observetl any craclis. 
111 the ~riatluct snb-~ t~ruc t~ l re  there were some 
cmclis in  t>he walls of the porters' room and 
gua.rds' room. These were pointed some two 
years ago, ant1 I have not since detected any 
lnovemeni prior t'o the fs11 of the roof. There 
have not bcen, in my knowletlge, any cracks in 
the t8wo south end panels of t,he east witll. There 
is an old crack i n  the arching under the tank. 
This joint was pointet1 up in October and has not 
moved since. If t,here had been any setrleinent 
cif t,be foundations, I should have noticed cracks 
occnrring. I do not see how t'he condition of t'he 
walls could in ~113- way have caused t'he fa,ll of 
the roof. 

Gmye B ~ l l m ~ i ,  an assistant engineer in the 
service of the Company, states: I have been 
seven and n-half years in t'he service of the Corn- 
pitny. In  December 11108, I received instru~t~ions 
from the Company's chief engineer to examine 
au(l report' upon the condition of Charing Cross 
Station ~ v o f  generally, more especially with regard 
to t,he condition of the ironwork. I hacl ~ t~ag ing  
erected at various points where I t#hought t,he 
corrosive ~H'ect of smoke from the engines svc,ultl 
l)e most likely to be seen. These stages were 
supported by chains antl rods from the roof. 
r I l he stages were very small. Such ironwork as 
i t  Wits possible to get at, from t>hese srages was 
ex-anii11r11. There were stages at fonr points. 
Onra of tllese stages was at No. l principal on t,he 
west side, another \VitS a t  the seventh principal 
cwnnting from the south, a n ~ t ~ l ~ e r  at t'lle nint l~,  
a n ~ l  t'l-tr last n-its on the east side at So.  2 prin- 
cipal. I n  utldition to t'hat we were lowered at, 
three tlifferent point's by eratlles from the 1~1of. 
Ur. Natldock, inspr.ct,or of iron~vork, and fore- 
inan Stirling, were with me. From the st'ages 
we examined all the sash bars, pnrlins, the main 
rib, the vertical st~ut,s,  and diagonal pieces, and 
the main tics-rotls that were wit'l~in reach. The 
actnal y i t w  of tie-rod n7e examined in the first 
p~incipial was the onr in the second panel from 
the west. (kner;-tllj- sspc~aking, \v+ found t8hci 
ironwork in gootl conclit'ion. It' was rusted, the 
sharp corners having l)em rnost>ly at,tacked by 
the rust. In all the tie-bars there :\-as no serious 
tlinrinution of metal. 'I'here v a s  still a good deal 
of paint adhering to the original met'al. The 
rilr,tal of slight section, s11cl1 as t,l-~ree-eigl~ths flat 
bsrx, had sutfered most from corrosion, and the 
under-side of the " T"  sash barb. There was no 
material loss of sectional area in auy portion of 
t'he principnls. I suppose that the reason for the 
sash bars sufl'eringmost was thatthefumesof smoke 
would be prevented by the glass covering of the 
roof from getting out. The smoke would be hug- 
ging the underside of the glass, and therefore more 
constantly in cont~act with the sash bars, than wit,h 
any ot'her port,ion of t'he ironwork. The rusting 
t h ~ ~ t  was going on was in  the form of powder rat8her 
t,han flakes. The greatcr portion of the rust in 
my opinion was due t'o sulphur fumes rather than 
to moisture. The rusting of the " T " sash bars 
was also d ~ ~ e  to ctindensation from the roof. 
There was a p e a t  deal of pxint adhering to all 
the ironworli. We did not observe that any 
bolt3 were missing, ancl found no evidence of 
weakness of any description. 1 have seen the 
t'ie-rod since it was fractured. There is 
not much paint left on it at the present time. 



The outside of the rod is pitted with rust or 
corrosion. The marks are not of any depth. I 
c10 not suppose I could have detected the fanlt 
shown by the fracture, in  the tie-rod, even if it 
had been turned in a lathe and polished, became 
it appears to me that the whole flaw was in  exist- 
ence when the roof was erected, and 111s alwdys 
exiscecl as i t  was found after the fall of the roof. 
My idea is that i t  is a fault which originated 
\\hen the metal was piled ancl whilst it was being 
hammerecl. I do not think ~ ~ y h e l f  that the flaw 
has grown in any direction. 1 dill not see any 
signs of drawing out of rnt.rnl in the fracture. I 
should say the whole of the fractrirr had a 
crystalline appearance-theve is no sign of fihrr. 
I reported to Mr. Trmpest Illat the ironwork 
generally was in goocl contlitiun, that it required 
bcraping and painting, :tnd that home ironwork 
of slight section required renend .  It  did not 
appear to lirtve an! signs of v,-eakness. Thnt \\as 
~iearly three years ago. P1.erious to exnmiuing 
Charing Cross roof 1 had exdmined the Cannon 
Street Station roof. The condition of that roof 
-\WE! not so goocl as that of Charing Cross Station. 
I was put in charge of the repair work of Cannon 
Street S ta t~on  roof in  September, 1903, ant1 I was 
in charge during the 18 months that the work 
;vas going on. I was put in charqr ot the rep nit^ 
work at Charing Crubs Station at the beginniriq of 
July 1905. My instructions were to carry out thr  
herdping, cleaning, and painting work (three coats 
of paint), and to put the roof in a thi~rouqh statcb 
of repair. Stagil~g M as constructed for. the pur- 
pose carried by the purlius of the roof, and the 
~ n c n  carriecl out tlie cleaning and painting work 
from the stages. I instrncted Stirling th'tt the 
work was to be (lone in a thorough manner.. .l11 
the ironwork was to be r ~ a m i u e d ,  ant1 I mybelf 
t~raminecl almoht the whole of it as i t  was cleanell. 
l wah up in  the roof two or three times a ~7eek. 
1 used to test the manner in which the i ronwo~k 
was cleaned by scraping off thtx paint in placw, 
after it had been put on, to see if the rnvt 1i:icl 
Iwen rrmoretl, and the proper nuniber of coats pn t 
on. I calc~ilatril out what the effect of the 
a ~ l c l i t i o ~ ~ l  weights brouglit on the roof \vonlil br. 

-111.. I-'et3?!j ( ' ~~o .dc i? ld  7'1 i i ~ / ) es t .  -u.I.('.E., dates : 
l :\m chief ellgineel* of the Nanagiag Committee 
of thtl Sonth-Easteri~ and ('hatham Railway ('orn- 
panies, an(l as such am primarily resl)onsible for 
all engineering strnctnre~. 1 have known 
Charing Cross Station for 25 years, ancl have hat1 
charge of it frorn I Y Y 5 .  1 hat1 charge of it frorn 
IS95 to 1899 as resident engil~eer, ancl from IS99 
onwards 3s chief clngineer. The fitation roof \I as 
t1et.igned b ~ -  the late Sir John Hawkshaw, and 
was completed about the year 1863. I t  was built 
by an independent company which was arnalga- 
mated with the South-Eastern Railway Company 
i n  1864. The station is vestetl in the Houlh- 
Eastern Railway Company ancl managed by t h t ~  
Managing Committee. The type of roof is a 
crescent trussed bow strinq, supported (XI side 
walls. The length coreretl by the roof before the 
collapse was 510 feet, and the clear span between 
walls is l64 feet. There are 14 main principtls 
and one screen girder at the south end. The 
distance from the ~ i n d  screen to the first 
principal north is 41 feet G inches. The a itith 
between the fir4t and second principals is 3'7 feet, 
between the second and third 36 feet, and the 
~emaincier are 35 feet apart. These clime~isions 
are central. Each principal is carried on 

To do this I took out the actnal weighth of the 
s tqes ,  alloiveti for :I horixo~lt:tl wind pretsfiul~ of 
4tj lbs. per square foot and 5 lbs. for snow. I 
cdlculatecl that the ;otal results of these loads 
would be a maximum tension of seven tons on 
the square inch of the tic-rod With the afciilable 
sectional area of 16 inches this would mean a 
tensional pull of about 112 tom on the tie-rod 
which broke. This would allow a factor of safety 
of about three. I told Stirling, whu was in charge 
of the work, that nothing but what was necessary 
was to be stacked on the wof of the station. I 
think t h ~  rnaterial which he, in his rvitlence, 
sta1vs was on tlie roof was in excess o f  what 
actmlly netd have bren t h ~ r r .  I h a w  fonntl 
Stirling a very cnrcful man. I am quite snw he 
would not hare r e m o ~ r d  anv bolts or nuts, or any 
i1,regral part uf the roof \x-itliout obtaining mp 
permibsion. T nls I think h t ~  wonltl not  ha^^ 
stacked the zinc ailcl glass on the roof i i i i l rs~ lie 
thotylit it necepsary for keeping the work goinq. 
1 was on the roof on the day before the acclclc.nt. 
I (lid not noiice any matrrinl stacked or1 the roof 
ihen. I tllought then he was Ireepiny his stages 
Tery clear of weight. I noiiccd crrtain cr,icl;s in 
the brielrwork pallels b e t w ~ e n  the pilahters at the 
muth end of the station on both sides. I ascer- 
tained from Mercrlr that the ~ r ~ ~ c l c s  were of old 
t,tanding. The walls did not shorn any signx of 
weakness. 1 do not think t1i;tt the fall of the 
roof n a s  occasioned by any sulxiilence of the 
foundations of the malls. I nrn not aware of any 
nnui.n;ll vibrations beiug set up in the station. If 
there had been any bolts missing In the portion 
of the roof when 1 first examined it, in 1!l02, I 
should hape seen the holes and found it out. 1 
thonght at  that time that tlie coupling joint 
hrt~veen t n o  tie-rods was formed by the coll;ir, 
and that tlie collar ancl fiat iron above it was one 
solid forging. Since the roof fell we have fo~llicl 
that this is not the case, and that there i \  :I 
straiqht joint between the collar and the flat iron 
above it to which the diagonal braces and vertical.; 
arr riveted. I ishoulcl like to acid that niy opinion 
of the flan in the tie-rod was fountled npon a 
cnrsory t~xamination only. 

[ ' i h t e ~ s  which rebt 011 a brick viaduct. The hi11t. 
wall5 b ~ t w c e n  the pilasterh are filled in with 
blicknwrlr in mortar. 1 lint in a plan shoning 
{lit. tliniensions of the briclcn ork ant1 the heights. 
I t  is 15 feet from the top of the side walls to the 
level of the carown of the roof, the rnaximunl 
depth of tlie trnss being 20 feet. The pod screen 
consisted of a box girder with an  ordinary built 
U P  plate flange for the hottoni nleinl~er. tie-rodh 
not being used. The ends of this girder rrstetl oil 
the two soutliern pilasters, and were placc~l at the 
same level ttb tlie footinps of the main principitls. 
The width of tlie box girder was 3 feet. I t  was 
not stayed in any direction southward. The iron- 
work mah constructed by 3fessl.b. Cochrane, 
Grove, S- Co., aud the iron caule froin lord 
Dndley's n orlis. At the south-'ast end of the 
station there arc. hntlretses hicli support a tank. 
I have no reason to helieve thnt they \\?re built 
for any other purpose than to carry t h ~  tank, but 
they add considerably to tb r  fitability of thc wall 
at  that poinl. Thert. are no buttresses at other 
portions of the wall. The buttressing of the 
sonth-east e ~ l d  was cdrriecl out at the time of the 
construction. The main rib which collapsed 
weighed 17-26 tons. Including the weight of the 
rib, the portion of the roof carried by the princi- 
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incw wrwkin~  m1 ~hrt rnnf. TIWF w r t ?  ~~racticdlp 
tlmr cw.1.: W ~ V ~ Z ,  m(l t1rc.y f~r i l  i~isr~urlinnrr t r ~  
csnminn wherwrr  ps~ i l l i r ,  m41 rt3]mt n n y t l ~ i n g  
t h y  nnticrl~l to ltr wrnnz with if. ' 1 ' 1 1 ~  walln wart? 
wrlked rosnll daily h ~ -  th~b Forvrnun brick1iayr.r~ in 
ch:i~:,ra 4 t h~ 1,mtlnn tlistrict, an11 RII y m ~ w i n ~ n f  
wortl~l haw 1m.n : ~ t  nnw ri~pcwt~d. 'fhr rli~itrict 
vliginrcr R ~ W  1-i~itrrl ilw rnnf twicr n ytw. I t  
\V:) S iMI ~ s t t n l i m t  inn lilnrh in thp h ~ s t  p o ~ ~ i h l ~  
wlky wifhol~t H stagin~. W h n  the mof is ]ninl~il 
: u 1  ecmlwll, i t  i* w r y  rnrrfnll;r examined, m r l  
ill ad11 i t  it111 t h e ~ v  i~ n w  qwriiil insptbcticln lllfide 
br twet ;  the lwrindu (R rqmin  tin^. Tlw h 1  
rvnov:rt ion \\XH cnruplrt er1 in b'clwnary, 1 $!W. I 
wnr than in chnrgr. of all the X-nrk~ nf tlw 
Snnrh-l<asten~ liai l WI?- m rrsirlenl mginwr. S n  
I )c.c@m\tw, Z!NPl. 1 orrlc~rtl n wpcrinl ~wuninatim 
143 hr ~n'nrlt. hy ;III ~bn,nillct.r, Sir*. Ellmn. 1 .1~  
wyort~rl  vt.rl,:llly to IMP, :~lir\ \\-P plwmt tlrr J J P H ~  
])art uf a day gain:: thiwnqh his w ~ t r  hook awl 
nl)w~tbmtions. l Iis rcpnrr wna that. t l10 conflilir)n 
~ ) f  tile ~*nnf! \i-iIr ~ ; ~ n t ' ~ l I y  ~ i f i ~ f i w t n ~ ~ ,  that ttir 
11rinc*ip:1ln wcw i 11 1 pry g110r1 on tor, hat that 
snmtb of' the light iron wnrk. for inirtancra, tlw 
glnzinr: II:WP, anql t h(* intcrm~dinre rxfttw, t\r~lw 
show in^ ~ i g n s  of slight crwrn4on. ;\ fter rtw- 
fully rw-tsitlwin:: tlir. ~11c1lc rc~mrt, I mmc to 
tht* noncln~inn ihnt I \vonlR renew the gli~xing 
Imrs v*l~irlt w r w  rnslrrl nnrl tht* cwnmon rarlrrw, 
w1wn tlit! roof was piiintrd, but ihxt i t  woulrE 
not 1,s nccmmrp t r r  do anyrhing to thr mnf at 
tlmt time. It \\-m ~ng:e&erl 117 the ilirector~ in  
1!1!:~ t h d  it might ])P a d v i s ~ i i l ~ .  t r h  1vmovn 
the roof ~ltc)~~tc.thrr, aitd I n-m retj110stP11 tn 
loctk into tlw t p  .siinn nf post. Thvy ~ ~ t g p u t r d  
that i t  ~niphr  w i t h  ndm11trt.g~ hr wtnovrtl. 
Iwr~mse it was :)rt.lli twt iwally ti Idat. tipon 
1111. Clit+- af I.ntdrm, nnrl r~spnfiirc to m:~i 11- 
i n .  1, I ~ ~ P T I ~ ,  ~ f l ~ h ~ l l  t hrbm to wtain t 110 
rtwf as i t  W;IS in mch good co~iclition. I thought 
i t  woi~lcl be 11 wnste id' rnnnq- tn rrnnnw it. Tn 
m? la~rrn.lt~rlgc- l l lrr~ hnd htrm no rqmir wnrk 
(lent* in tlw woof tip to l!W.i, ~ s w p t  m wgprcb t h ~  
Ii int~rn rtmf. Thr* \vn~lc wrr i rd  r1n4 l r m i  timo to 
t i m a  11:iql v o n s i a t ~ t l  of ~cnlpinc ,  c lwr ing  mtl 
l~iiinting. Thern I ~ n w  nnt, t ltri.t.fnrrb, been nny 
rr-cnrtls k q n ,  rrn I h t w  tviw riotl~ir~g to krcl, t.ecortl~ 
d. l'hw h t r e  h w n  cmcke in tilt3 wi1;114 PTW 

sinre, I 1:avu km\\-11 the s ~ t ~ t i n n .  Tlirse hare b r m  
nnrlw cloau ~ ~ I ) ~ t . r v ; i t i ~ ~ ~ t ,  nntl tdl-talrs h;trr\ Iweu 
fixwl n p w  them, In13 1t1-1 Ir;onwwntA have 
hr rn  reclmlctl, Snl)~irlnnrrfi of tht. fomlrlati~rnfl: 
of t htr vi:~cluc.t n ~ o l d  l)(* shown by crnr.k~ in the 
piem or arch \vm.k (I€ f110 vi:ulnct. Thrm h a w  
Rsc~l no frtdi G I ~ C J C R  of r r c ~ n t  yenr8. I c;mnot 
find that t l i r r ~  ia any gronn~l  fur iht* snppo~ition 
that thc collapse \\m due to failnre or  ~ u h i l i h w e  
of the fonndnt ions or \\-ails. As regards tho mork 
i a  connection with the Ihker  Stwrt an11 Wakrloo 
Tnbc, nml the ccnnectiws b~twren that tnlw and 
th* Didr id  12ail\\*a~, if there hnd beon Itnysettfe- 
nient ciwsetl by theet! works it m n ~ t  have ~hou-n 
itself first of all in the viaduct apnn which the 
walla are Imilt, an([ also in the w n l l ~  themsrlretl. 
Tlw only work in or near the  tati ion tlmt has 
h e m  pniug on is thn ~wpnir to the maiu g i r c l c ~  ilt 
t ha fan end of the hrirlp,  which h n ~  hem in lrnnd 
for the last 15 mtmtlw. 'rhers has becn no pi ling 
nr nnrthing to muse vihmtion. 1 do not cons id~r  
that tbo scorching nf tlw p i n t .  wnrlr, which waR 
t h ~  only rcmlt of tho fire that occt~rred j i i  IHGN, 
wnulrl Ilnrt* hall tlw likrlihonrl of n ~akming  iiilr 
of the  mmndwtn nE the princi pila. Tlic hi ldi ng 
that actnnlly wnR hornt n n  that ocawion W;IR the 
Contincntid shed on the So. 1 plotform, which is 
f i t  e t  l ! I  i n i a  As r0g%n1s the 
r ~ p n i r  mork which mns I v 4 i q  mrricvl nut on the 
rord imrnpdiately before ih C O I ~ R ~ R P ,  1 TvaB 



removing son~e  of the glazing bars and some of 
t,he common. rafters. l was not taking them out' 
becanse t,hey wers weak, but becanse they were 
rusting. I have had t,he worst of these which had 
been rsmoved test'ed. I find an ample margin of 
strength left in  t,hem, and they would have done 
dnty for a great number of years.. I think t8here 
is only one possible t,heory to account for the 
collapse of t,he roof. The tie-rod which broke 
showed a bad flaw caused, as subsequent exami- 
nation has demonstrat'ed, by an imperfect weld, 
and it is not r~ecessary in  my opinion to look 
further for the cause of the collapse, alt,hongh I 
have considered it from every ot'her possible 
point. The different lengths of t,he tie-rods, 
which are abont 18 feet long, have screwed ends 
which are fitted into muff couplings sit,uateci at, 
the bottom of each of the ~ e r t ~ i c a l  members of the 
truss. From careful examination in the test,ing 
room of other ends of similar bars, it is fair to 
assume that these screwed ends have behn 

- attached to the main body of the tie-bar by a 
scarf weld, and it was one of these welds which 
gave way. The fractured section revealed the 
fact that only a snlsll prop~rt~ion of t,he area of 
the nzet'al of the bar had been doing its work, anrl 
that is a complete explanation of its f;dure.  I t  
is very difficult to say how m w h  of the metal 
was actually in contact in  this rod at the t,ime of 
the collapse, but speaking rouyhly I should say a 
little more than one-third of the bsr was doing 
work. This would reduce the available sect,ion 
to bet,ween five an4 six inches. The weld was in  
no w , ~ y  affected hy mid or corrosion. The loss of 
diamet,er in the t8ie-bar dne to rust w : ~  one-tenth 
of an inch, so t,hat t8he tie rod instead of being 
4k in~~lnes in diameter, ar when erected, had at 
the time of failure a mean (liarneter of 4.4 inches. 
The bar in qrlestion was not truly circular. There 
is nothing to show that there has been any fatigue 
or change of structure in the material away from 
the weld. The met,al in the bar behind the 
fractme, when tested, showed an ultimat,e 
strength of abont 20 tons to t,he square inch 
in  tension. The fracture shows that over it8s area 
the iron was in metallic cont,nct at isolated point)s 
round the circumference but not in  the cmt,re. 
The only pmctical method that is available for 
the examinat'ion of iron work in  a roof is hy  
scraping  l he snrface clean ancl then examining it. 
If any signs l~acl been not8iceil of a fracture 
appearing, the place would have been examined 
by an engineer. I do not think i t  would be a 
practical te& to pass an electric current or 
currents through t'he bar, nor would it have 
revealed the presence of this flaw, which I a.m 
quite sure could not have been detected. Paint 
is clenned o r  by using flares and wire brushea. 
The principal that fell is, generally sl)eaking, 
about in the line and over where the locomotives 
stand in the station, and therefore it was more 
liable to corrosion or rust t,han, possibly, the 
ot,hers were ; but, in spite of this, the members 
were in very good condition. I have every con- 
fidence i n  Mr. Ellson, the :~ssistant engineer, and 
Mr. Stirling, the bridge foreman, who was in 
charge of the repair and p i n t i n y  work. I am 
quite sure nothing was visible on t,he snrface of 
the tie-bar to show t,hat t,he bad weld was in 
existence, and I do not, therefore, think that 
when they had come to this t'ie-bar i n  the 
ordinary courde of their work, and had scraped 
and cl~anecl it, they monld hare  obserred the 
flaw. Foreman Stirling had no idea when he 
saw the broken brace that the t,ie-rod was also 
broken, as it was hidden from his view by t,he 
stage a d  sheetiiig ; had he realized t11i;i he wonltl 
csrtainly not have recalled ihe inell! to endeavour 

to repair t>he bracing, its he did. He  is a goo 
pract,ical and reliable workman, but of course h 
does not nwlerstancl the theory of roof straim 
When it was decided to repair and re-pain 
the roof, I carefully considered the best mean 
for protecting t,he lives of the men at worl 
and preventing any possible danger to pas 
sengers on the plat,forme. The mat~erinls yrc 
vided were new, the stage was close boardec 
sailcloth was prorided under the stage i 
case any men should lose their footing, 
temporary corrugat,ed covering was put ovc 
the platforms, under t,hat port,ion of the roc 
which was under repair, for the protection of th 
passengers, and a watchman was provided on th 
platform in comnlunicat~iou with a man on th 
stage. This latter arrangement came into open 
tion when the work was commenced, and 1 

would have continued t8hroughout the whole morl 
I t  was no doubt due to this that the deplorabl 
loss of life was not great,er, as the platforr 
watchman had t'he people cleared away. I d 
not t,hink tha: railway engineers of the preser 
day would erect a roof of t'his ~haract~er,  becane 
i t  is so expensive to maintain, and t,he gr~a tc  
cost far ontweighs any advantage of clearing th 
 support,^ away ; ancl, if erected, it would hav 
duplicate tie-rods. We are repairing the roof : 
Victoria Station at  the present time, and ther 
the rod has more than o ~ i e  member. As regard 
Charing Cross roof, t'he direct'ors have decided t 
rdmove it entirely, and f~ this purpose a stagin 
is now being erected. I t  will be replaced by 
riilge and furrow roof, ~upported by girtlel 
extending from side wa,ll to side wall with tw 
lines of intermediate supports erected on th 
plat'forms. This will enable the present walls t 
he consideral~ly reduced in height and will d 
away with t'he possibility of any side t,hrns~ 
upon them in future. Until t,he whole of th 
old principals are removed the existing t,ie-rod 
will be made qnite safe by the additional help c 
~ t e e l  wirz ropes to supplement t'heir strengtl 
There h.cd been no wind in the vicinity 
Charing Cross of any force for fully a wee 
before the accident. About a fortnight, previor 
half a gale had been blowing for several hour 
There is no wind bracing in the roof st8rncturl 
The resistance of ench mall (per 11S3 ft. b ~ y )  t 
overturning is, I calculate, equal to al)ont 4 
tons applied horhmtal ly  at  t?he bedst,ones. Th. 
does not take into considerat,ion t'he adhesion c 
cement or mortar. The whole of the wall 
could never be exposed to the force of the win< 
as they are largely protected by the surroundin 
buildings. The expansion arrangements do nc 
appear to have worked, and any expansion c 
c~nt'ract~ion of the roof must hnve been taken U 
by the walls. I was not aware-untll some tim 
after the accident-that the screwed ends of th 
tie-rods were welded t80 the bars. I t  was on1 
after following the experiments a t  M e w  
Kirkaldy's works that this was clemonstratet 
As regards Cannon Street Stat,ion-although t h  
clesign is generally similar-there is a muc 
greater margin of strength. The walls are .'r 
per cent. thicker, ancl the truss members as muc 
stronger than in the case of Charing Cross, 

XP. William Georye K i ~ k n l d y  states : 
received firat the west end frtctnre of the tif 
b'tr, and afterwards also the east fracture with 
moving cotzpling attached. I was asked to mak 
exmlination tests. First, I examined the brig! 
fracture. I t  had to me every appearance of 
w~l1.1, and of being defective in  the centre psr 
'I'hcre is a trace of cinder in the very centre f 

rllc fracture. I felt t ln t  although it had a11 th 



:~:pvirnnce of a weld I m ~ i s t  keep an open mint1 
:1:111 tandetavour to prow conclnsively that i t  was 
. I  n.r.lil, There was, perllaps, I tlmught, some 
qorbr explai~at~ion ot it. The line of lract,ure is 
: I T  it  Itlunt angle and t,hat is one of the rea.sons 

fly I considered it likely t'o be a weld. I cut 
4 IJW bright fractured bar abont at1 inch behind 
".*I nrtud point of fract,ure, I t,lien took a piece 
18iT the stump end that was left, :111tl trt?;tt,ed its 
nit11 scicl. This s h o m d  to me the met'hod uf 
111:111ilf3ct~uring t,he bar. There were right dabs 
1.1 irrm piled one on top of t,he other. This 
c~m~tirnted the bar it,self. On the face of my 
wr r~tweet the fracture I found, after treat,.irlg it, 
n'lh :&l, there was a disturbance in the layers 
~d irw which made the bar, and it appeared as 
it' rhis was a continnation of t,he line of what I 
~wwi~l~rei l  was the weld. This dist,urbance 11-as 
n m  t viaible at cut Ko. C', which simply showed 
I \ W  rnarks clue to the piling of the rod. The 
~ l : i ~ ~ t r l ~ n ~ ~ c e  show11 on t,lle cut nearest t'he fracture 
.r~.+.n~~benecl my idea that t,he fracture lmd t'aken 
I ' ;W :trtnally at the weld. I st,ill l m l  t'o bear in 
111ia1l that although this was evidently a welt1 it 
I I I ~ ~ I ~  not have been an intent,ional welil. I 
. i v w h t  that if it had been an int~entional welcl 
I .-hrmEd find traces of a ~ i m i l a r  weld at the 
~ ~ ! I ~ T P I K I  of t,he bar near the coupling; on t,he 
~ ~ r ! ~ w  Imd,  if it was oiily a chaucc welcl hhe 
tti11*.1. vnd of the har woulcl not sho~v  any sign 
141 wlding. The result of my first. carefr~l 
m:~l~ti~mtion of the estwiov of the other end of thc 

w;ts that I coalcl find no sign of any welcl. 
' [ ' I I * ~  1 cut off about 20 inches of t,he bar, and 
:ui-l~+.(l R portion of i t  in  a lathe. After reducing 
: ; W  ~lin~~reter in the ladlie considerably, I found 
4-1inr.t tmces of a weltl. The result of this 
+ u~llimtion in a lat,he was to prove to me t,liat, 
" 7 . .  lur was of set pnrpost: welded at  bot-h ends. 
1 : I I I ~ I I L ' ~ ~  it was quite possible for t ' l~e  smith t>o 
! : + W  wr np both ends of the bar from the solid 
I ' q v  I I W  screw ends, but having found welds at' 
f-l- . l t  vnds I t'houglit it v a s  clear that owing 
. a t  I I I V  lvngth of the bar, about 18 feet, it, was not, 
p.--ildv iu t'hose days to turn the bar in a lathe, 
. ~ w i  v l ~ : ~ t  for that renson the scmw ends were first 
-1; a11 ~rrimufact'ured, and these ends t)hen weldecl 
4 , I  r l r  tlm bar. When I had an opportunit'y, 
! J ~ m ~  tnaking these tests, of seeing the iron 
:+d: tli:~t hail fallen, I examined several of the 
1 . l ~  r,.ry carefully, but could find no signs of 
.I:I!. ~ r h l  on ally of them, and this was the 
r* . : lwtr  rllxt,, though I had made up my mind that 
'!V :vtn:~i fracture was at  :l. weld, I w ~ s  concerned 
t . 1  t iml wtt whether it was a chance weltl or an 
1:1:1.11tin.l:11 one. I 01)tained from the engineer 
1.C rlw company s~vera l  additional bars with 

i i i t b l ~  to continue my invest,igat,ions. I n  the 
I - -  cif the three 1.1a1-s that I examined, by 

- - - . I ! ~ I I L ' I I ~ ~  the rust down to the clean surface 
4 , .  :!W ~ w t d ,  I fonnd at one end only of each of 
:!;q. Iw+ t m e s  of a \vcbltl. The marks were 1 
,:,AI rn 15 inches in length and had the aplmr-  
.W+, II rnised fibre on the surface. In  no case 
., ts r h m  anything of a crack at  the weld. I 
. . 

:~ltogether to get any trace of a weld at  the 
~ - p l ~ ~  r *wl of each of these bars. I tnrnecl off a 
fir:iw of the metal in  a lathe, :bud I then found 

'i~.. m:lrk of a welcl on the bright surface of the 
r : . 4  that was exposed by the tool, but .in no 
1 .  . - *#  W:(+ tlwe any visible crack or cavity. The 
l.-ult q b f  !he examinations that I rnade of t'hese 
iLr>  d w l ~  proved to me that they all 11ad weltla 
I I 1 Possibly, therefore, it, is a fair 
, . 
: :~: .mn* that all the other t)ie-bars i n  the roof 

r+. .&i~~iil:~rIy manufactured, for uut.il I hat1 
titwe other bars there was always the 
that the nwlcls in this fractured bar 

! 

were clnc to chance only. Looking at  the west 
fractured end of the bar, the clear crystalline 
portion was solicl at the time of fracture. This 
bright metallic bnrface was approximately the 
npper side of the bar in  pusition. 1 think, that 
in addition to the bright surface, the rem;t~ntler 
of the ,llscoLoured surface round the circuni- 
ference n as at  some time or other also in ( ontact 
and adheping. I gather this from the facl th'tt 
this tliscoloureil portion has still a sharp grain 
when touched, and in additiou to this you can 
w e  spots here and there on the circumference and 
nearer the centre of a rnetullic brightness. The 
actual centre of the bar has a difkerellt appearance 
t~ntl has evidently never been i n  contact. This 
portion is defined by the ash X~hici, surronncls the 
core, and the core itself has a smooth u n t l u l ~ t i i ~ g  
surface with a fire skin on it. The i r  )n  of qh ich  
the bar was made may be describecl as good 
quality iron. I cut out tn7o round iron test bars 
from the bar that broke, about 6 inches behind 
the fracture, and tested these for tension. These 
t wo bars broke under an approximate tensile 
stress of about 20% tons per square inch. The 
contraction of area in  each case -5s o ~ e r  40 per 
cent. The solid portion of the bars had all the 
character of new iron. There was no sign of any 
deformation or rleterioratlon d i ~ e  to fatigue. The 
result of a number of measurements of the cir- 
cumference of the bar that broke, bhowed th t t  
4.2 inches ~ ~ o u l t l  represent the mean diamrter. 
The waste due to rust or corrosion atnountecl 
therefore to one-tenth of a c  inch on the mean 
diameter. I 111acle other tests of the m e t d  sur- 
rounding the weld at  the other end of the broken 
bar, and found generally the same results- 
namely, high tensile strength in the solid portions, 
and nezrrer the centre, where the ~5elcling was 
less perfect, the tevsile strength diminibhed, 
until quite in the centre n hrre  the cavity existed 
there nns  no tensile strength. 1 tcsted two other 
tie-bnrs after reducing the areas i n  a lathe to 
8 square inches, and found that the breaking 
t e n s i l ~  strength of these two specimens, each of 
which contained a was 11-15 and 1% tons 
r rspect i~ely on the square inch. In these two 
cases thew were similar pockets to those found in  
the tie-har \\hieh broke. Two other specimens, 
albo anlounting to S square inches of the central 
portion of the bar, broke at 14.1 and 17.3 tons per 
scpwe inch respectively. The fracture i n  these 
cases was also thro~lgh the weld. In these four 
cases the metal that \\as turned ofT i n  the lathe to 
reduce the area of the har was iu  each instance 
sound arid good. I do not think any htat such as 
would l. e necessary to burn olf paint would have 
any ~leterior~xting effect upon the quality of the 
iron of the tie-rods. I think that the centre 
portion of this tie-rod was never in contact. I 
am sure that if the outside of the bar had been 
scraped clean, it would have been inipo,sible to 
detect the bad flaw when it was in  position in the 
roof. I could cli8cover none of the places where 
the rods had been welded i n  my labordtory until 
some of the metal had been turned oft in  a lathe, 
and then there was only the indication afforded 
by the sliado~v on the metallic surface. I do not 
think i t  would have been possible to discover the 
bad welcl in  the fractured rod by t~pping .  If the 
bars had been sent to me for examindim and 
general report I sliculd have baid they were i n  
excellent comlition as regards welding. By this 
1 mean I bhould not have known tlierc were 
welds in  the bars. The efan~iurtrion that I m d e  
of the broken tie-bar, and of the others wlucll 
were snbscyuently received by me, was oue that 
i t  was quite impossible to have made in the roof. 
I am quite ce~ ta in  that if I had been uall~cl upon 



to exanline this ptrticular Lroken tie-rod before 
i t  snapped, and as it was placsd in  the roof, I 
should not have been able to discover that thera 
was anything to be suspicious of. I should not 

Sir .Tohtb TVdje Btwry states : I was consnlted 
by the Managing Committee of the South Eastern 
alld Chatham Railway Companies abont 21 hours 
after the roof fell in, in  conjunction with Sir 
Benjamin Baker. 1 was a pupil and assistant to 
Sir John Hawkshaw, a i d  I was stationed on the 
work, under the retiident engineer, whose name 
was Stanton, when the roof was being erectecl. 
That was in 1863, or there~bouts. I saw the roof 
pnt up, but I did not, see it manufactured. Sir 
John Hawkshaw was responsible for the design 
of the roof. Messrs. Cochrane, Grove and Com- 
pany were the contractors for the iron work. 
The iron was made at Lord Dudley's works. 
The whole of the mctal was wrought malleable 
iron. I ~ \ e n t  down to Messrd. Covhraae and 
Colnpany'b works, more as a visitor than anything 
else, on April 13th, 1863. I kept notes of what l 
saw there. Onp 01 the principals was fully con- 
structed--1 cannot tell which, but my impression 
is  that the  tati ion roof was erected from the rlver 
towards the land, and therefore i t  would probably 
be one of the earlier principals about to be erected. 
Without stating it as a fact, 1 think it is reason- 
ably probable that it must have been one of tliose 
principals that was near the s in11 screen, ancl i t  
might have been the one that fell. The principal 
was erected at the contractor's works on a sort of 
timber staging where ali the deflections coultl be 
measured, and it was snpported l a t e ~ ~ ~ l l y .  Pig- 
iron was applied at different points, particulars of 
which appear in the diagram I have in  my book 
here. That diagram was made in 1863. Looking 
at  the drawing in my note book 1 find that the 
tie-rods have not the same diinensions a5 those of 
the principal which fell. Starting from the wall, 
the size is i ib th ,  in the ncxt bay 4), in  the next 
43, in the next 4,?,th, and in the middle bay 4,ttb. 
The first test put on was 26 tons, distributed at 
the various ~erticals.  The deflections were then 
taken with this load of 26 tons, which was in  
addition to the weight of the principal itself- I 
have a note in m y  book that the approximate 
weight of the truss was about 22 tons. The next 
test was to increase the % tons to 50 tons, and all 
ihe deflections were again taken, t h r n  the weight 
was increased to 70 tons ancl all thtx deflections 
taken, then to 99 tons, am1 after\\ ards to 105 tons, 
all the il~flectious being taken each time. The 
weight of 40 Ih8. to the square fout of superficial 
area carried Is:, thc principal monlrl be equal to '1 

total of 135 tons. After these t e h  had been 
inade the load was a11 rrmoveu, and 10 tons was 
suspeilded between the centre and one end, and 
524 tons distributed on the other half of the span 
and the deflections taken. Next, the load was 
wholly removed with the exception of 50 tom 
and the deflections again taken, and afterwards 
the whole of the load was removed ancl the 
 deflection^ taken again. The grehteht pernlnnent 
get appears to have been at the centre of the arch, 
and arnountrd to .74 of an inch, and tlie total 
elorgation was '49 of an inch at one end. I have 
no knowledge at all of the calculations for the 
design, but from the notes 1 took ciuring the vlsit 
I have referred to, the total l o ~ d  of 40 lb;;. per 
superficial foot appears to have been taken into 
account in  the debign of the roof ; this would b - 
inclusive of the welght of the girder itself. At 
the time the rod broke it now appear8 that ther? 

have foal~i l  any crnck or openina on the surfac 
'l'he development of the flaw has occurred *fro 
the interior and not from the exterior. 

was abont G j  per cent. of tliis test load of l27 to] 
on the princip ~ l .  I was present when the we 
end of the broken tie-rod was uncovered afte; tl 
collapse. I was one of the first who saw 
There cannot be the slightest doubt, I think, th 
there was a most important flaw in that rt 
where the fracture occurrecl. The exact dime 
dons I dare say you already have, but n 
impression is that tlie flaw extended over som 
thmg like t WO-thirds of the area of the section 
metal. Roughly tipeaking, abont 5 or 6 squa 
inches of metal would be doing work at  the tin 
the rod broke. I n  addition to the large brig 
arza of the fracture, there were one or two sm: 
islands, as it were, of bright metal, where tl 
adherelice had only just been broken, and the 
\\-ere also similar places in  the circumference. 
do not think there was likely to be any sign of 
fracture on the outaide of the tie-rod. The me 
fact of tlie existence of those islands s h o ~  
indubitably that the fractured surfaces must ha 
been adherjug more or less all round the circtu 
ference. It  was not a gaping wound. The met 
-\\?as held together where the larger amount 
briqht metal was, and also mhert. the islan 
were, so I c10 not think thrre was any reasonal: 
probability that anything was showing on tl 
exterior. I do not think that anything wou 
have been seen on the outside even if the irc 
had been scraped and got ready for re-paintir 
I n  my opinion this large flaw could not h a w  be 
iliscoverecl by sound or the hammer. The cona 
3 ~ a s  evidently verg close indeed. I have 
knowledge of the means used in ironworks f 
testing welds of this size, as 1 have not col 
across then1 in  my practice. I am confident 
great deal of care was taken with this roof wh 
it was erected. The contractors were at tf 
time supposed to be at the very head of tht 
business. They had put up some of the larg~ 
roofs that had been erected. For instance, t 
big roof at New Street Station, Birmingham, % 

built by them. The quality of Lord D~xlle: 
iron. too, was supposed to be as good as cou 
be got for this sort of purpose. I cann 
help thinking that the flaw must have groy 
I t  is obvious, I think, by the look of t 
section that the metal always had a ~ e r y  co 
siile~able flaw in  it. 1 do not think that contf 
was ever niade in tlie centre of the weld. 
tliir~k that growth of a flaw like thia must occ 
wheu 3 on get a severe &train on the rod. Y 
then h a l e  a condition of things where 
gradual growth of a flaw coultl continue, and 
this particular instance the part of the me 
which was adhering must have been exposed tc 
very severe strain. In the most ordinary con- 
ditions of wind, tliis particular rod must hnvr 
been exposed to very high strains indeed on tbc 
part tha: was adhering, and i t  must be rememberecl 
that theie was a gale of wind, which was quit(* 
remarkable, within ten days of this accident. 11 
is such a large flaw that I should hardly think i t  
coultl at first hare been so bad as i t  turued out tn 
be, but it is very difficult to form an opinionaftrr 
a flaw has been extending for some yeals, becauw 
you get some discolonrstion frornsteam or moisturr~. 
I t  was more likely to have grown from the centre4 
outwards. I think there can be no doubt tlr:~r 
originally the vors t  place was in  the centre, i 
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!link that more Erequeut pa.i~ltiug of the 
~ t l d d  have prevented t,he growth of a flaw 

i r h i ~  description. 1 do not see how more 
. y n w t  paintsing conld have reduced the tendency 
i t lw Llnw to increase. The hendency to increase 
.:I. #lop to very heavy and abnormal strains on 

pwtion of t8he metal actmually adhering. I do 
# a  think any protecbion from the &earn or fumes 
,wing from locomotives standing nnder the roof 

have decrexsed t,he liabilit,y of this flaw t'o 
111:irp. Unfortunately, almost everybody is dead 
,111,  h:td anythinq to do wit,h the putting up of 

1;). rtmf, It has been proved that the flaw 
~wrrt-lt  at a weld, and it appears from 
Ir.  liirknldy's exyerimei~t~s that welds exiated at  
IOL W I  of the tie-rod. The design of the roof 

.ordance with t,he best ideas of engiueers 
tays, I see no objection to the design 
ined arch at the present time, bat  there 
many alterations i n  details. I do not 

Sjection to a roof standing on a wall of 
ness of these at Charing Cross, except 
eways pressure of wind. The walls 
have been strong enough for all vertical 
ind they were not designed to carry 
but vertical weight. I remember an 
that arose after the yoof was erected 
wind pressure. The tank house at the 

: end of the stnt8ion, where there are 
I, was erected not only wit'h the idea of 
a tank house, but with the int>ention of 

ning the walls against south-west winds. 
k end of the principal was at  the east 
the south-east winds not being so sti.ong 
mm the south-west, it was not thought 
to buttress the south-west wall in t,he 
Iner. I t  must also be remembered that 
days there mere no high buildings 
.ng the st'ation as there are at the present 
owadays, one would not design a roof 
ixe wit,h single bars which had been 
In the present meifhods of manldactnre 
hink that welds would be used at  all. 
k removal of the roof, we agreed t,hat 
the circumstances it would be better to 
by another, but the circumstancw were 
nnected with this accident. Other con- 
s, which weighed very much in  my 
Ire that the whole roof is nearly 50 years 
hat repairs to it would become more and 
ious as time goes on frum natural 
and so on. Further, my opinion was 

s only a question of time when this roof 
e down from another reason which hacl 
re the Board of Directors, from m y  own 
e,for 10 or 15 years-that is, the enlarge- 
he station. When t'hat takes place the 
Id be in the way ; i t  would interfere 
utilimtion of the area, and generally it 
H perfect nnisance in the case of the 

~ n t  of the station. Taking all these 
to consideration, and not neglecting 
B the question of t,his accident,, it seemed 
t the wiser course would be to pull the  
1. It, would havo been quite possible to 
rpthened the ties in some manner if we 
:lit that there were no other raasons for 
roof down. I carefully examined the 

10 viaduct after the accident, and I could 
the slightest evidence of any subsidence. . 1 think the q u e s t i u ~  of subsidencs 
ltirely put ou one side. As for clefor- 
~ d e r  ordinary strain, 1 think i t  is quite 
17. to look for such an explanation of 

:!I,. ~ - ~ ! l ; b l l w  when we have a cause which is 
;I:II;~!- sr~!licie!lt to account for the fall of the roof. 
I 4.) nut Iwiieve that it' the bar had been inspected 
I 1s once a week it would have been 

possible to find ont that the weld was in a 
dangerous cgndition. The vnlue of a weld in  d. 

bar of this description depends entirely upun the 
workmanship. Speaking generally, the welding 
of a bar of this size is avoided nowadays. My 
impression is that the tie-bars in  the principals of 
this roof mere tested before they were placed i n  
situ. My reason for this impression is the fact 
that Mr. Phillips, who was the contractor's 
managing engineer, erected a similar roof at 
New Skeet, Birmingham, some two years before. 
Mr. Phillips, i n  a paper which he read at  the 
Institution of Civil Engineers shortly afterwards, 
stated that the tie-bars of the New Street Station 
roof were individually tested at  the manufacturers' 
works before their erection in  the roof, and I 
think i t  only reasonable to suppose that the same 
practice was adopted in  reference to the tie-bars 
in the Charing Cross roof. 

Sirs Be,+jctnzin Buket. states : I watched the 
erection of the Cliaring Cross roof as a young 
engineer interested in iron work ancl stresses, and 
I made calculations of the stresses. At the 
time, I was designing a contxined arch roof for 
the Victoria Station, not the one which is now+ 
stnudiny, but one that was contemplated at thattime 
with a very much larger span. I was aware the11 
that the Charing Cross roof was calcnlatecl for a 
load of 40 lbs. to the square foot, which was the 
hnsia for calculation taken by architects, I daresey 
50 Fears before, in dealing with timber roofs. 
This figure included wind, snow, and the weight of 
the structure. The round figure of 40 lbs. was 
first fixed by Telforcl nearly a hundred years 
ago. I was aware that with the estimated load 
of 40 lbs. to the square foot, including the weight 
of the structure, the stresses (nnder that ucca- 
sional and exceptional load) would fall within the 
limit of elasticity of the iron-that is, at  the cost 
of no permanent deformation from strctching, 
That wonlcl nut be good enough according to 
 resent practice, bat in  those days it was con- 
sidered that, pruvicled you did not have 
permanent deformation, the application of such 
a load as 40 lbs. to the square foot would be the 
sort of thing that would happen once perhaps in  
20 gears. I t  is different now. If you have iron- 
work subject to very rdpicl and repeated 
application of this load of course the thing 
would go tu pieces under stress of this intensity 
in  a few clays. The Charing Cross roof was 
moclelled in every respect upon the lines of the 
Birmingham roof, which three or four years 
previously had been sabmitted to the criticism of 
all the leading members of the profession at  the 
Institution of Civil Engineers. There was not a 
suggestion in  the discussion that there was an?;- 
thing wrong about the desiyn either as regards 
principals or intensity of stress. I t  was known 
perfectly well that a stress of Y tone per square 
inch might come upon the tie bars in  a hurricane, 
or something eqaivalent to that. I do not think 
it ever has. I n  fact, I am'certain it never has or 
the walls would have been blown down. I 
might say while on the subject of stresses, that 
the old Hammersmith Bridge, when the Unirersity 
boat race was on, was crowded with thousands of 
the public, and when they were on i t  the stress on 
the weldrd links of the suspension bridge was 
between 8 and 9 tons. Those links were all of 
iron, and they had welded ends. When that 
bridge was pulled clown I bought a quantity uf 
the chain work to use for temporary work on the 
Forth Bridge, so I had a good opportunity of 
seeing what the links were like after being in 
use 40 or 50 years. Although thz-y -.vere sub- 
jected to that high stress they had not in the 
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least deteriorated as regards the quality of the 
metal. As to the quality of the metal, there is 
nothing in this to account for the failure of 
the tie-bar. I was consnlted by telephone when 
the accident happened, and I was on the spot 
within about 20 minutes, I suppose. The fall of 
the roof was due to the fracture of a tie-bar, and 
that fracture arose fi om an invisible flax- which 
existed in the bar from the beginning. I saw the 
two encls of the br okeii lie rod. They showed the 
ch~racteristic fracture of a welded bar which had 
had what is technicallg- known as a pocket in the 
weld. I have seen hundreds of broken welded 
l~ars,  and you can easilj- understand that 
when a flaw is i n  a bar, and the bar has passed 
investigation, it follows that the fkaw must he 
invisible-that is, that i t  is in the centre of the 
b ~ r .  In  making a scarf weld, such as this was, 
you have to be very careful to heat the iron to the 
proper hest, ancl not to o ~ e r h e a t  it, ancl then jou 
have to get i t  in  contact and hammer at it before 
the atmosphere has had time to form a scale on 
the surface. Borax and certain kinds of sand are 
thrown over the surface in order to make a sort 
of glaze or slag so as to protect i t  from the atmos- 
phere. That is a diEcnlt  thing to do. The 
larger the bar the more difficult i t  is to get i t  
exactly right, and sometimes you do not get 
metallic contact in  the centre of the bar, but what 
is known to blacksmiths and others as a pocket 
occurs, in  which a little of the slag is welded up 
a11 ronnd. There is  no clifficaltly in  making a 
weld at the exterior because the blacksmith can 
see what he is doinq there. The only way of 
finding out whether there is a pocket in  a bar is 
by testing the bar as you know is done with 
every chain cable. Every link in a cable is 
examined very carefully to see that the weld is 
perfect so far a s  the outside is concerned, and the 
way of finding out whether it is sound in  the 
inside is by testing i t  under quiet conditions. 
If that is done, wheu the stress is put on, you 
hear a little noise sometimes. That noise is a 
signification to you that there is an extension of 
some internal flaw. That is the only way I know 
of detecting an  internal flaw. A t  the Arsenal, 
where there are very heavy forgingh, every 
attempt is made to find out by magnetism 
whether there are any flaws. I have seen the use 
of the mariner's compass in this connection, but 
i t  is just about as much good as the use of the 
divining rod for water. I t  is tried in  some works, 
but I do not think anybody believes in  it. I 
have heard snaps from forgings when i n  a lathe. 
They go off like pistol shots without anything 
showing on the surface. I have not the slightest 
doubt there was a flaw here in  the middle of the 
bar, and that the bar was absolutely sound on the 
outside. The extensioii of the flaw, such as it 
was, was from the interior tomarcls the circnm- 
ference, and directly it got to the circumference, 
the bar would snap and down would come the 
roof. You must nol assume that becau~e  there 
was one third of the sectional area left there was 
one third of the strength. Looking at  the bar, I 
should say i t  mould be nearer one fifth than one 
third of the strength because the pull is not 
applied at  the centre of gravity of the acting 
metal. Therefore, the stress is  not spread uni- 
formly. The size of the original pocket in  the 
bar would amount to a circle of one and a-half 
inches or more in diameter, in which there was 
no nietallic union whatever. Surrounding this 
pocket there would be a neutral zone of metal 
and dirt. 13ound the circumference of the bar 
there mould I)e perfectly sound metallic contact. 
My experience is that in welded bars that is the 
normal condition leading to fractue. I k n e ~ ~  

Mr. Joseph Phillips very well, and I had such 
regard for his capacity as the most experienced 
iron-work man of the day that I got him asso- 
ciated with others as contractors for the Forth 
briclgt.. I have not the slightest doubt in  my 
own mind, knowing Mr. Phillips, knowing Sir 
John Hawkshaw, and knowing what was done in 
the case of the Birmingham roof, that the same 
course that was followed at Birmingham was 
followed here, and that every bar and coupling 
was tested hydraulically before it was put up, 
I t  would be a test of nine toils to the square inch, 
I 11a.r o looked into Mr. Phillips' note hooks, hot 
I have failed to find anything about the testing 
of the Charing Cross roof. I am not astonished 
at that hecause it goes without saying that as ha 
hail clone it before h6 would not think of men- 
tioniny i t  a p i n .  I t  is a very simple process to 
carry out this testing. I n  the case of cables, the 
Government test is nine tons to the square inch, 
Judging from what was clone b) the same men at 
Birmingham, I have no doubt that every possible 
precaution was takeu for testing the Charing 
Cross roof. If this be the case, it is absolutely 
clear that the f h w  must have increased in size 
£tom the time it was put up, or i t  would not have. 
stood anything like nine tons to the sqlrare inch, 
which would have amonnted to a total pull of 144 
tons. I might say that we should not weld bars 
of this size nowadays. They woulcl be made of 
steel, as a matter of fact. Now as to the reason 
why a flaw increases. Theoretically, if you get 
an initial crack the stress is infinite at the bottom 
of it. If the material were perfectly elastic in a 
scientific sense there is an infinite strain in the 
molecules at  the bottom of the crack, The ma. 
terial is net, luokily, perfect, and so there is not 
an  infinite stress, but a very heavy stress which 
causes tearing. There is a higher stress at the 
bottom of the crack than at  any other part, and 
the result is that it goes gradually atom by atom, 
I know of absolutely nothing i n  the way of settle" 
ment of the malls, or the effects of fumes or 
oxidation, that was likely to have brought about 
this increase in  the flaw. As regards settlement, 
this would first of all cause the crackkg of the . 
viaduct, because the roof rests on the malls and 
the walls on the viaduct. The viaduct shows no 
cracks such as would be caused by settlement. 
If the viaduct were cracked, it wonld put an extl.a, 
pull on the  tie, but the wall is 45 feet high and 
only about three feet six inches thick, If the 
viaduct had cracked and settled the result would 
be, not that the wall would h a ~ e  broken the tie, 
but that the tie would have held on to the wall 
and prevented it from tilting. I t  is like breaking 
anything with a fishing rod-like throwing a man 
dovm with a fishing rod. I n  this case all you 
would do would be to bend the rod, and all you 
would c30 here woulcl be to bend the wall. We 
know, as a matter of Pact, that these walls did 
from natural elasticity move backwards and for- 
wards with the changing conditions of the 
weather. Although it was made very easy for 
the roof to expand and contract by putting one 
end of it in  a swing, and letting it rock and swing, 
it proved in  practico that it was still easier to 
rock the wall, and so the suggestion that a settle- 
ment of the ground brought about the fall is an 
absurdity. As to oxidation, there is no sigu 
w h a t e ~ r r  of that, because the sequence of the 
accident was as I hare  esicl, the graclnal exteu- 
sion of the internal pocket until it met the oat- 
side. The outside skin remained perfectly sound 
till the last ~ o m e n t ,  but the instant that the fault 
got through the skin 3 ou would get more than 
double the average stress on the sound metal, 
and then the whult: thing woulcl go off with U 



11-1 like a pist,ol shot ancl tfhe roof Call ilo\\in. 
W 110 dcubt that the circumference of the 
rvns librmetically sealed, not with pure iron, 
with iron and slag. The absence of paint and 

\vouId not affect the liability of the flaw to 
w(* : rusting will not start a crack. Rusting 

1,: :I \wlrled bar stxts,  not an init>ial crack, but a 
. i  I ~ - + j t ~ s t  t'he reverse. I t  does not weaken the 

.I?. lrnt it causes a ridge to be visible where the 
v q . l l l  i.q. There was no practicnl way by which 
.!l::- f l : ~  could be de te~ t~ed  in  the roof. I antici- 
1.1:t~~l wnsiderable difficulty in  finding it in  Mr. 
i i i r l ; :~ l~ l~ '~  lab~rat~ory. I told him to cut off t,he 

S IVIS 1 8 f  the bars, to put t,hern in  a lathe and turn 
. :~~+tn,  :tnd to tell his men tto watch oarefully the 
+~rinva nsthey came off, because I have detected 
;':IW. which were practically invisible, in that 
>!;IF. I told him to instruct his men if they eaw 
8 41:lvinrf break off at. a part'icular part of the bar 
.# I  rn:~kr a chalk mark, and when the bar came 
r,ai~d:li,gin to see if t'ke shaving broke at t,he 
..IIII+~ pli~ctj. If it ~houlrl  do sn repeatedly, and 
! * a 1 1  crvat it with acid, you can then find ttlie 
v i t i a l  Llnw. It -was perfectly hopeless t'o think 

oti ~liw,rering t'he flaw while t'he bar was in the 
~ ~ ~ I I ! ' .  I t  was exceedingly clifEcult to find i t  even 
: I I  1 1 1 ~  Iab~rat~ory. I do not know of any ot,her 
9 tilmm af bars of this de~cript~ion in a roof, bnt 
I f;rlo~v a£ any number of failures t'he same as 
' I l i ;  in other works, such as clraw-bars of roiling 
-.lt,.k. IIaving seen this failure, the grneral con- 
d:lri~m L come to witmll regard to tie-rods made u p  
:!I t h i s  way is this-1 should not trust a roof 
kr!til-l~ WHB dependent upon a t,ie-bar of that size 
-.l~i~.ds the walls were of such dimensions t,l~at,, 
. ~ I ! ~ ; J ~ ~ T I ~  one of t,he tie-bars I~roke, the adjoining 
;+-iwilt:llri and the wall combined woalcl have 
. x ~ f i c i r v ~ t  strength to hold the whole thing up as 
: \ v  :~nh without a tie. I n  the present case, 
. , ! * ! I ~ ~ I I ~ I  the walls are weak, regarded as abut- 
!li+.ltfs ~o the arch, yet in conj~mction with the 
iT .v l l  :vljnining principals this thin wall held n p  

n ~ d  for about twrnt,y minutes aft,er t8he tie 

rod broke. That shows that if it hat1 beea 
little bit thonger, it would ha \e  held the roof 
until there had been time to get wire ropes and 
make all safe. Therefore I should not condemn 
other roofs which are arches held by a single tie, 
if they complied with that other condition. I 
should llkc to see a roof painted every two OS 

three years E O  far as appearance go, but to do SO 

would not have affected such a Aaw as this in the 
least. I t  is more an aesthetic than a practical 
matter. This roof haL not deteriorated to any 
nlaterial extent from rusting. The actual dete- 
rioration of this bar from rusting amounted to 
one tenth of an inch on the mean diameter. 
After a roof had stood all tht. time that this had 
clone, one wonld not suggest undertaking an ex- 
amination fora  fracture in a tic rod-at least you 
would not unless yo~z were an impostor. If you 
were told to set out to examiue it for that purpose 
J 011 would say, " I am dealing with a fool and so 
I will deal with him according to his folly." 
There are no signs of deterioration in  the quality 
of metal in the bar in question. I have never 
known of ironwork being materially damaged by 
loads not exceeding the e lar t~c limit, no rnatter 
how mtny  years they have hail to endure them. 
With all the defects of the design, you coulcl 
make this roof safe for a few huncireds of pounds. 
That could be clone by the ube of wire ha\vserii 
between the principals, ancl hy strengthening a 
little some of the other connectiom, but I strongly 
advised the Board of Directors to face the qnes- 
tion at  once of ~e1)lacing the roof in  their own 
interests, and in that of the public, who would be 
always suspicious of the roof after this accident. 
I advised the Board of Directors to put up a low 
roof so designed that the station coulcl be widened 
without any interference. They have decided to 
do that, and tlie design is now practically finisliecl. 
I have seen the stress diagrams handed i n  by the 
Company's engineer, and have g m e  into them, 
ancl I confirm Mr. Tempest's calculation!. 

- 1  I he evidence in this case is, I think, conclusive on the cnnse of the accident, ancl 
:ll~w :ire no materid points of conflict to deal wit,ll. 

n I)ecernber, 1902, n spe-.ial examination of the roofs of Charing C k s s  ancl Cannon 
' Ptntions WRS nlscle to determine tlie necessity for any repair work. The result of 
s:~mination (evidence of Messrs. Tempest and Ellson) was to show that the general 
rhn of the ironwork in the Charing Cross roof was good, and that no immediate 
'S were required. The last occasion on which this roof had been painted and 
ally o~yerhauled was in 1898. I n  June, 1905, after the cleaning and repair work of 
annon Street roof had been o,oinpletecl, similar work was put in ha,nd at Charing 

In mcordance with former practice, timber stages were slung under the entire surtace . cnnth end bay of the roof. Each stage, in two portions, measured 35 feet in  
from 124 to 20 feet in width. They were suspended by hanging irons from 
dins ,  and formed a series of platforms, a t  different levels, extending from wall 
Sail clochs were provided under the staging, which was close-boarded, as a 
for the workmen ; and a ten~pornry corrugated iron coveriilg was erected over 
ms for the protection of passengers. A watchman was also appointed on the 
tforrns to communicate with the men on the staging. The work carried out 
of cleanirlg and rep ia t ing  all the ironwork, repalring the glass and zinc 
nd renewing certain of the s~shbars ,  and lattice girders, which stlfl'en the roof 
t is clearly established th i~ t  the ironwork in the principds and purlins was in 
erfered with or removed. 
 eater part of the work on the south end bay of the roof had beell completed, 
the middle of Novembw thc first rnc~vement of the staging northward was 

At the time of the cullalise, h d f  the length of the staging extended on either 
principal nearest to  the wind screen, which was thus loaded with extra weight 



dud to stxgii!g, men, necessary materials, etc. I n  :dclitiou, t,here appears to ha\-e bee11 
staclred outside on the crown of the roof zinc sheets and g.lass, which are estin~at,ed to haw 
weighed about a ton. 

After making all allowances for glass, &C., which had been rerno~ed, the total extra 
weig!lt brought on the roof appears t,o have been about R2 tons, and i t  is calculisted that 
of t h ~ s  totid, the proportion carried directly 11~7 the first principrl, wliich was the one to 
hil ,  was &out 174 tons, This represents about 3 Ihs per square foot of roof area 
supported by this principal. 

On t,he' 5th Uecembev? the repair g m g  of about 20 men mere variously engaged in 
hnrning oft' paint,, scraping ant1 clenning ironwork, rel)ainting, &C., a b m ~ t  i3.33 p.m. 
a loud incl ~ ~ n u s u n l  noise was heard in the roof. This time, 1 t,hinl;, is best fixed by the 
evidence of Inspectors Stone and Lowes and Igolice C:onst:tble Fitt. The noise was 
audible enough to attract the attention, not o111y of the workinen on t l ~ e  roof, and of many 
persons in the st,ation, hut :klso of men engaged on the adjoining roof of t3he Avenue 
Tlmxtre, :md of others occupying rooms .tt the back of house: in Northumberland Avenue, 
It is variously descrihetl as resembling the sharp report nt it gun, the (lull crash of a 
locctnloti~e striking buffer stops, t,he don-er ~ n d i n g  souud of irc111 rivet's tearing a'part, and 
the clash of a falling weight on iron sheetiug. 

People ontside the station (Messrs. JI:i8slieli, lhcon, Lane, a i d  Clollings) describe 
1ii)w, after this unusual noise, they sa~v tjhe ontside snrhce of the stat'ion roof, about E 0  to 
40 feet from the sont,h end (i.e.. over the first principal) suddenly sag or sink inrvards, 
:mti then a,ppear to r e ~ n a i ~ ~  in t h :~ t  condition. l\-orkmelr were observed to hurriedly 
climb off t,he stnges on to the exterior of t,he roof, a d  then run away in different 
dire~t~ions. Some of them shortly afterwards ret'urned, anti were occupied first on the 
st,agi::g, 2nd then in rerno\ring material froin t8he crow1 of the roof. Cracks were seen tso 
fmru in the west wall of the station hetn-een its southern entl and t,he third pilaster. The 
secoi~l  pilaster, which carried the first princip:tl, was seen t,, be leming outwards, and 
bulging. The mortar crurnbled a t  the joints, the vall overturned ancl fell out,nwds on to 
tlle roof of the Avenue Theat,i.e. The end screen waq dragged down afterwards and fell 
northn-ards, bringing do\m more of t'he west wall with it. 

On the roof of the station some of the n-orkrnen on the stages appear to have 
recognised t,he first loud noise a,s proceeding from beneath them. They were alarmed by 
t,he st:tges sltddenly sinliillg under them, and cl;lml)eretl out on to the roof to seek a safer 
position.,, Some of these men were met by their foreman Stirling, who had also beard the 
noise in his ofice, on the roof of the tank house at the south-east corner of the station, 
I n  answer tmo his question, t,hey replied that something was wrong as the stages were 
sinking. They clitl not tell him that the tie rot1 11:~l broken, t,hough s o r ~ c  of them from 
Foster's evidence must lmve seen this. St,irling called the rneri back, ran up t,he ladder 
on to the crown of the roof, and dropped through the ironwork on to the stage in the 
third panel- from the west wall. This prticular stage h:qyened t,o he t,he easiest to get 
on to. He found that one of the c1ino.onn.l 1rac.e~ in that panel was broken. The broken 
ends were then 14 inches  part. He shouter1 to the watc2~1nan on t,he station platform 
below hiin to stand clear of the staging. With the help of his men, the brokeu ends of 
the brace were lashed to the roof purlins, to prerent the possibility of their breaking away 
and falling. S t i r l i n ~  then set his men to mrorli to lighten the weight on the roof, by 
rernoving the loose zmc sheets that had been stacked on t,he crown. Whilst engaged in 
this work the two end bays of the roof' snddenly fell in. All this time neither 
he nor his men appear to have recognised t,hat the roof was actually collapsing. 
No more unusual noises were heard, and the distortion of the roof, after the first sag took 
place, which caused the stages to sink, must have been proceeding rery gradually. 

Numerous witnesses stationed on the station pl;tt,fbrms looked upwards when the first 
loud noise was heard, and describe that t,tley saw one of the main tie rods under the 
staging on the western side was broken, nntl hanging down~vards. The depression in the 
roof surface, noticed by persons outside the stntion, was visible from No. 6 platforn~ 
(evidence of Inspector Stone), but nut from Nos. 1 and 2 platforms immediately under 
the broken rod. None of these witnesses recognized t'he extent of the impending disaster. 
Steps were, however, taken to keep people amty from Nos. 1 and 2 platforms, ant1 action 
nTas taken by the watchman and others to stop trains from entering these platform roads. 
But dovn t,rains left, Nos. 2 ancl G platforms :it 3.35 a ~ d  3.3!) p . n ~  respectively, and two 
LIP trains xrrired at No. G platfonn at 3.:M :md 3.39 p m .  About 3.45 p m .  asecond louir 
rumbling noise was heard by these witnewes, followed hy the fall of the two cornplete 
end bays of the roof. Signalman 13unn describes how he S:LW the wind screen fall over 
northmardu, after the roof collapsed. 



Owing to the great mass ancl wcight of tlie fhlling tl8bris, and to the necessit~ for 
ynrding the remainder of the roof, it was not until mid-day on the 9th December 
it was fimnd possible (evidence of Jnspector C'haplin) to trace the tie rodding of the 
3 principal throughout its length. I t  was then fc)und to be broken at one point only, 
in the third panel mm the west, &out 13 inches frorn the third col~pling joint. 
The el idence prore.1 beyond a clouht that the snqiping of this particular tie-rod 
the imlnediate cause of' all that followetl. The west wall. without the support of 
3d buttressing (a, in the case of the east wall), yielded eventually to the severe 
et from the looserlrtl bon- of t h e h t  Irincipal. Rut the time occupie&-l2 minutes- 
t~ that not only did tlie n all offer great resistance to tearing apart, but that much work 
to be accolnplishect in bre~king  away from the hold exercised on the crippled principal 

tr the lines of purlinc,, whi&h were stiffened bp intermediate lattice girders, and in over- 
;tming the resistnnce to distortion of the main rib itself. 

Turning now to the iroken tie-rod, the eastern elrd in falling hnried itself like a 
n~nnet  two feet in the ground. Thi5 cn(l ~m': unearthetl on the 7th December, but the 
n;c.twecl surfice was nlrendv rusted ant1 corroded, ant1 told no tale. The western end 
rail on the timbering of No. ' B  platfimn, ancl o-as covered with corrugated sheeting a d  
: ~ l l ~ n  ddbris. I t  \\-a. thnh fortunatclv l ) reser rd  froin thc effect, of damp and dirt. i 
: r w  it within a few ~ninntc, of the t h e  it nrts uncovered on the 9th December. The 
11rfilce of the fracture wa, then as clean and fresh as voulcl be desired. The appearance 
W- typical of a fractwe at a 1)ndl~  formet1 weld. From the sketches (Plate 11.1 attached, 
t will be seen that wpproxirnaMy two thirds of the line of fiacturc ib at  an angle of about 
I(; with the axis of the bar, whil-t the uppermost third is vertical. The surface of the 
nwttlre map be divided for the purposes of tlescril~tion into three pwts ( z d e  sketchj. A 
wlt .l about an inch in width (along the vertic%l line of fracture) extends roond the 
npppr and northern half of the circmnfermce of the bar ; over this area the fracture had 
:Iw !)right crystalline apprarancc of iron ~ncldcnly torn apart. In the centre of the bar 
W lw seen :I flaw or pockzt 1: ~ ~ i t h  s smooth fire-skin mrface, surrou~itled by fi-agrnenth 
(11' 11:lrk coloured ash : this area is rouchly circular in shape with a diameter of 
I! to 2 inches. The third portion C. mainly consisting of a brlt l$ to 2 iilcheh in width 
rt;~~rt(l the loner ~1x1  sorctli~nl half of the circumference, m-a.1 g-en6rallY discoloured and 
~~nuwled, vith n spong;v appearance common in ill-formed ~selds,  hut here and there small 
-pt* md pin-points, esperidly round the circumference, of clear crystdline appearance, 
<!lt~rvccl signs of fseshlv fracturecl metal. 

.Is set forth in the ~viitence given by Sir John \\Tolfe Rnrry, Sir Benjamin Baker, 
:m1 Mr. Kirlraldy, there cnn br no douht that the fracture occur~wl at u weld in the bar ; 
t l ~ t  the care ot the bar I: had never unitrtl. and hail n e ~ e r  possessed any value to resist 
!twion ; that the hurfi~ces of the area C had united, probably indift'erently, except in r;he 
i!111rir(li3e neiqhbourhood of the circumference ; and that the flaw, which originated in 
tw~tn~l pocket B, had gmclnrtlly extended o n t n x d s  over the area C under the severe 
wt~innsl stress to which (owing to the m ~ i t  of union in the centre) the bar had been so 
!tong mbjected. The isolated bright spots and specks over the area C show that 
hnrdistely before the bar snapped there was good metallic contact a t  these various points, 
:v wcll as ovsr the whole area A. 

The total area of meh1 which was doing work, in resisting tension, a t  the moment 
d w n  the bar broke may be roughly estimated a t  about one third of the whole area, or 
frmi 5 to 6 square inches. The total calculated stress (see table of stresses in Appendix), 
in tcnci~n was 81.5 tons, c;r from 13 to 16 tons per square inch of availtzble metal. Taking 
irito rrm&deration the eccentric position of the bulk of the available area A. i t  will be 
drnitttld that so high a stress ~ o u l d  be certain to cause rupture the moment the thread- 
' kv rwints of contact in  the area C: parted. 

e normal strew in tension, due to weight of roof only, on this bar was about 
1s. The additional stress brought to hear by weight of staging. &C., necessary for 
;c&, was thus 20 tons, or near11 30 per cent. more. The bar was subjected to 
atly enhanced stress for three n-eeks coiltinuously before i t  failed ; and prior to 
Jle of November had for four months been nndergoing a stress 15 to 20 per cent. 
than would be due to weight of roof o n l ~ .  It is clear, therefore, I think, that the 
mte cause of failure the additional weight riecessarily imposed on the principal 
wtion with thc repair work, and it is reasonable to suppose that the failure would 
r occurred at the moment it did, if the tie-bar had been subjected to stress from 
of roof only. I t  is equally clear that the weight of staging, &C., merely accelerated 
Ire, which, judging from the appearance of the fracture, was bound to occur a t  a 
~tirely early date. That the flaw was growing is plain from the fact that the bar 
:S Q 



successfully -n~ithstooti eclnallr high stress i~iiposrd for a long p e h l  in t'he year 18 
when staging of sihilar weight~nrns used for repainting work. 

Sir Jbhn MTolfe Barry and Sir Renjarnin Baker state in their evidence that ii 
probable, judging from t,he procedure taken in the case of the New Street Station rc 
Birmingham-the prototype of the Charing Cross Station roof-that the tie-bars w 
hydraulically tested before erect,ion with a stress of 9 tons to the square inch (= 144 tc 
on this bar), and that every exnmination and test of the ironwork was ula 
which the skill and care of engineers a t  that time could devise. Notwithstanding, 1 

original bad flaw in the weld of this bar remained undetected. 
Once the roof had been erected, the possibility of a serious flaw being in existen 

and growing in size until it caused a failure l ~ a s  never before been recognized. This 
the first known case of 11 tie-har in  a contained arch breaking under a reasonable strc 
I t  would not, I think, have occurred to any engineer to ma,ke any special exan~ination 
discover the possible existence of such a flaw. Periodical examinations would be made 
determine the extent of general repair work necessary. At  such periods the visi 
weakening or 103s of met,al clue t,o rust or corrosion could be gauged, the conclition of . 

bolts and fastenings clet,ermined, and necessary action could be afterwarcls taken to clc 
and repaint ironwork, renew bars t8hat were much decayed, and replace fa~t~enings. U 
as given in evidence, no practical method exists of detecting an interior flaw in a bar. 
this size under high tension, unless some sort of fissure in  the outer surface was appare 
No apparent fissure could, I think, exist under such stress without the bar snappi 
immediately. The evidence of Mr. Kirkaldy, on the difficulty he experienced in 
works of discovering and proving the existence of welds at  both ends of these t,ie-ba 
fihows that the welding on the surface of the bars m s  very well executed. 

I have not neglected to consider the possibility of other causes which might mho 
or in put ,  have occasioned the fiailure of the roof. I propose now t'o deal with 1 

principal theories which have been suggested. 
(cr . )  Reduction of strength by rust or corrosion, consequent 11pon want of maintena,n 

The t<ie-rod that broke had originally a diameter of 44- inches, and a sectional a- 
therefore of 15.9 square inches. Most of the paint which wts I d  on in 1898 1- 
perished, and the surface of t'he bar was pitted consideraldy by rust. But frorn care 
measurements (made by Nr. Kirkaldy) the mean diameter of the bar after fracture T 

found to be 4s.4 inches (area = 15.2 square inc?~es), so t,liat the actual loss of m e  
amounted to 4.4 per cent of the original area. This is an insignificant loss, and cannot 
held accountable for the failure. 

(b.) Fatigue of material, due to long continued stress, or L-ibrntion set ur-, by 1 
motion of trains, &c. There is no evidence to prove this, hut rather the reverse. 1 
test pieces cut out of the bar by Mr. Kirkaltly, close to the fracture, broke under 
tensional stress of 20.6 tons per square inch, a& showed a contraction of area erjnal 
40 per cent. The iron had the appearance and cliaracter uf new metal. 

( C . )  Wind pressure. '1'he afternoon of the 5th December was calm and still. 7 
fact that, a fortnight previous to -the failure, when the full weight of the staging v 
imposed on the principal, there was half a gale of wind blowing and that failure did I 

then result, goes to prove that the effect of the wind on a roof of this shape, sheltered 
high walls, is very much srnaller than has been generally estimated. 

(d.) Disturbance of foundat,ions, due to excava,tions in connection with the tubes 
the Baker Street and Wat,erloo Itailway. These tubes asre nearest to the west mall 
Charing Cross S tation in Northumberland Avenue a t  the j~lnct~ion of Whitehall .Pln 
The eastern tube is about 125 feet horizontally from the station wall. The extrados 
this tube (11 feet 8% inches in diameter) is 56  feet below the gronnd level, and 10 f; 

below the upper surface of the London clap. Any ~listurba~nce due to the excavation 
these tubes would in the first place have affected the station ~ i aduc t ,  which carries t 
walls of the station. It would at once have shown h e l f  in visible cracks in  the archi 
of the viaduct. No such cracks have appeared sinw 1900, when the tubes at this poi 
mere constructed. No subsidence either has been experienced in the walls of the Aven 
Theatre, which lies directly between the stat8ion and the tubes. There is, therefo 
nothing to support this theory. 

(e.) Absence of buttressing to the west wall of the station. The design of the ro 
as has been stated 111 t,he description, was that of a contained arch. So long, therefore, 
there was no fa,ilure in any integral part of the design, vertical pressure alone vas broug 
to bear on the malls supporting the roof. That they were strong enough to stand tl 
vcrtical pressure is, I t,hink, provctd by the fict tlmt they carried the roof for so Inn1 
pears. Sir John Wolfe E3:zrr.v states in  his evidence t,hat the but'tressing to the enrst m; 
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R decidecl upon after the roof had been erected, als a safeguard to the possible effect of 
nd pressure from south-westerly gales upon the western. wall, which was a t  that time 
~cbrnore exposed than in the present day. From t,he point of design, at  the time the 
dwas constructed, it c:tnnot be said that but.tressing was necessary, nor in fact would 
.h buttressing have prevented this prticular tie-bar froin failing i11 the way it did. 

I come to the c:onclusion, therefore, that the fall of the rctof was brought about bp the 
stking of t,he tie-rod in the third panel from the west of the main principal nearest t)o 
vind-screen. The fracture occurred at a weld, by reason of 3 flaw in the welding. 

 is flav, conmencing in the heart of the bar, had gradnally ex tended outwards. The 
litionnl weight of the temporary staging was the immediate cause of failure, but ws the 
sl stress in tension, at the time of failure, on the whole sectional area of the bar did not 
:red 5.13 tons per siluare inch: I find that, for the necessary purllose9 of repair, such a 
rss was not in any way unreasonable, and could not be antlclpated to  cause danger of 
lure. I,astly, I do not consider that any reasonable precautions were neglected by the 
rinecr or his staff' in  charge of the roof, or that it was possible by any practicsble 
&od to have discovered the flaw in the tie-bar. 

The particular lessons to be learnt froin this sad accident are as follows :- - 
1. That in  oltl iron mofs of sinlilar design, more especially where welded bars 

of any size have been used, there is danger to be guarded against of concealed flaws, 
which may grov  in size nncler continued tensional stress, although in itself that 
stress may not be exceptional. 

2. That unless additional security be afforded by the duplication or strengthening 
of the main tensi0na.l members there is possible risk of failure. 

3. That where such risk of failure exist*, i t  is necessary to consider whether the 
walls supporting the roof are i11 themselves sufficieutly strong to  resist the thrust 
which such fdure will 1)ring 011 them, and if not to strengthen them. 
As regards Chauing Cross, the C'ompan5; have decided to remove the whole of 

P old station roof, and to replace it by one of the ridge and fixrow type, on a lower 
.cl, with intermediate suyport,s on the platforms. This work is proceeding, and in the 
m t i m e  steps hm-e been taken to relieye the tension on the tie-bars of all the remaining 
ir~cipals by tslii~~g np sowe of the strain &h wire hawsers. 

Before closing this rel~ort, I wish to clraw attention to the work carried out by the 
zineeriug staff of the railway dnring the clays inlrneclintely fo!loming the collapse of the 
~t'. The falling ironwork strtick and hroke the tie-bar of the second panel from the east 
I1 of'the second nxtin principal, ancl caused the tie-rodding to break away from the first 

r l  second coupling-joints. The threc: enstern panels of this truss were thus left 
supported by ties. The western n d l  nras also forcccl out of the vertical by the thrust 
reloped by this principal, which was left standing. The condition of affhirs was highly 
ngerous, and a further collapse of rhe roof might have occurred at any moment. Wire 
\r$ers mere fixed to the feet of the second, third, and fourth principals, and the tension 
ieved by taking the st,rain with crabs. A raker was fixed against the west; wall, and 

.... the glass stripped off the roof betmeen the second and t'hird principals. Heavily 
Ttrutted wooden towers were eventually erected to  take the weight of the second principal. 
m l vorks were carried out by night and day, under very considerable risk to life and 

by the engineering staff of the railway. Their efforts, which had the happy result 
dering the remainder of the roof safe, cd l  for special mention. 

I have, &C., 
J. W, PBINGLE, 

Na)or. 
'he Assistant Secretary, 

Railway Department, Board of Trade. 
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