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SOUTH- EASTERN AND CHATHAM RAILWAY,

Board of Trade, Railway Department,
8, Richmond Terrace. Whitehall, London, S.W.,
25th March, 1906.
: I mave the honour to report, for the information of the Board of Trade, in
- aecordance with the Order of the 6th December, 1905, the result of my inquiry into
the circumstances attending the fall of purt, of the roof of Charing Cross Station, on the
- South-Eastern and  Chatham Railway.  The fall occurred about 3.45 pam. on the
- dth December last,
A length of about 77 feet of the roof fell, comprising the two end bays at the south
- of the station. A gang of men were employed at the time in repairing, glazing, and
~ painting the scetion of the roof which fell.
. Shortly after 3.30 pan., a loud noise was heard in the roofy and it was noticed that
- one of the tie rods of 4 main principal had broken, and was hanging downwards. No
~ apprehension was caused in the minds of the observers of anything more serious than the
- possible fall of this broken red.  Abo-t twelve minutes afterwards, two complete bays of
- the roof, together with the large wind screen at the river end of the station, collapsed.
~ That part of the western station wall above platform level, which carried the bays in
~ question, was thrust outward by the falling roof, overturned, and erashed bodily through
:ale adjoining wall and roof of the Avenue Theatre, The theatre was in course of
-~ reconstruction at the time, and a large number of men were engaged on the work,
F: débris fell across four passenger trains, standing  at

The roof girders and
- Nos. 3, 4, 5, and 6 platforins vespectively, and completely blocked all lines of way.
Fortunately, althongh some of these trains were being loaded at the time, all the
passengers and railway men escaped without injury.

~ But two of the Company’s workmen employed on the roof were killed, and an
employé of Messrs, W, H. Smith & Son was mortally injured, and died shortly after-
wards in hospital.  Tn the Avenue Theatre also, there was the sad loss of three lives—

‘o workmen killed instantaneously, and a third who died of his injuries.

- Eight other workmen were seriously injured and detained in hospital, and nineteen
‘more suffered in a less degree from cuts and bruises.
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Charing Cross Station roof was construeted about the year 1863 from designs by the
e Sir John Hawkshaw. The station is built on a brick arched viaduct, and lies
enerally in a north-west and south-east divection. The level of the rails above the
ound varies from 13 feet at the north-east end to 27 feet at the bridge abutment at the
th-east end.
- The roof measured 510 fect in length, with a clear span ol 164 feer. It rests on
brick walls, which are carried by the viaduet, and have a height of 41} feet above rail
1.
- The roof is designed as a contained arch, and the principals are of the crescent
string type, with vertical members and braced panels.
There were altogether 14 principals, and a wind screen girvder at the river end, The
tral interval between the end girder and the first principal was 41} feet ; between
irst and second prireipals, 37 feet ; between the second and third, 56 feet : and
éen the remaining principals, 33 feet.
The end screen and each principal rest upon pilasters built of stock bricks in
rmate layers of mortar and cement ; these layers average about 4 feet in thickness,
pilasters measure 9 fect in length, and from 3 feer 8} inches to 2 feet 101 inches in
kness : between the pilasters the side walls are built up of brickwork with relieving
ehes,
- The roof arch has u rise of 45 fect above the side walls, and the maximum depth of
8 in each principal is 20 foet,
~ Each principal has a curved plate girder compression rib consisting of }-inch web
ate, 18 inches deep, with four angle irons, 6 x 3 x #-% inches. Eight verticals
the truss into nine panels; these verticals are made up of two | -irons,
3 x }inches. The seven central panels are braced diagonally with two flat bars,
{ inches. The panels are completed at the bottom by straight lengths of round tie

These tie rods vary in size, In the case of the principal which fell, commencing
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Mie-rod of these had been stripped of paint, and
was in good condition. The other had not been
- stripped of paint.  None of the nuts or serews
- holding the collar joints of the tie-rods had been
. inany way loosened or removed.

My, William K. Maskell, states: T am em-
- ployed by the Admiralty in the Director of
orks Depariment. My room is on the thind
- floor at the back of Craven House, from which
- there is a view of the south-west end of Charing
~ Cross Station wall, which is about 40 yards
. digtant, through a gap between the Avenue
- Theatre and the houses in Craven Street.  On the
- 3th December, 1 and two other gentlemen in my
~ room heard u erash which appeared to come from
- the street below. This, us far as I can judge,
~ was about 3.35 pan. The first thing after the
~noise that drew our attention was a nomber of
~men climbing np a ladder on to a gangway at the
. top of the roof. We then noticed that the erown
~ of the roof was sagging, as if a depression was
forming near the crown, and this seemed to take
- place in the portion which had just been re-
covered with zine sheets. I looked at my watch
~and found the time to be 3.45 after [ had been
_ watching the roof for what appeared to be about
- 10 minutes. The actual collapse did not take

: ngge for some few minutes afterwards, possibly
! was the time, so that I estimate about a quarter
- of anhour elapsed from the time we heard the first
erash to the actual fall of the wall and roof. We
could see from the window about half the height
of the station wall between the second and third
pilaster, counting from the south, and T saw
erack commencing close 1o the bearing of the
truss which is still standing. 1 saw the erack in
 the wall commence to widen, and then 1 saw bits
“of brick and plaster falling out. 1 conld sce the
whole of the roof to the south end of (he station,
ut of the wall only as far south as halfway
between the second and third pilasters.  The last
portion of the roof that seemed to fall in was the
sereen at the end. Tt appeared to me, seeing the
interval that elapsed, that there was time for all
the men working fo have eseaped, but 1 noticed
that some of them were, as I thought, called back
“for some reason. 1 noticed that the men on the
- roof were using portable forges, and it oceurred to
- me that they might have removed some integral

part of the roof, and thereby caused the fall,

 George Coulson  Stirling (recalled), states :
- The remainder of the tie-rods were to have been
inspected subsequently by means of eradles
- lowered from the stages. 1 was in my office or
- cabin over the tank, on the east side of the
~ station, abont 3.30 p.m. on the 5th December,
- When ¥ heard a noise as if something had struck
my cabin, Tt was a strange noise, and T rushed
to see what was the matter. [ saw the men
oming off the stages and down the ladders, and
~asked them what was the matter, They said
L something was wrong with the roof, as the
ng was giving way a little. 1 rushed right
the ladder over the crown of the roof, and
pped down into the stage in the sixth panel of
principal counting from the cast. This was the
est to get at. I saw that the lattice diagonal
nearest the centre of the roof was broken.
Wo broken ends were about 1} inches apurt
en, Immediately 1 called down to the watchman
the platform to clear the people away from
neath. He heard me and answered me
W I then got a rope, and fastened it to the

en brace to prevent its falling in case it
off. Some of my men had followed me

up the ladder, and 1 told them to clear
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away two or three piles of zine sheets that were
lying close fo the screen, All of these were, [
helieve, elear of the staging—but 1 thought it
advisable to lighten the roof, There were about
25 to 30 sheels of zine in each pile. The men
began to move them down, and T helped them,
They also began to remove sheets of glass out of
a crate which was on the crown of the roof, about
L5 feet from the principal. 1 had just reached the
gutter at the tank side of the roof, when I saw
the iron chaunel eracking, and T shouted to the
men to come down.  There might have been five
or six men on the roof at the time. I do not
remember anything more until arter the fall of
the roof, when 1 found myself just above the
tank outside the wall. When [ was on the
staging 1 could not see the main tie-bar under-
neath without kneeling down, and T thought at
first that the danger was merely of this lattice
brace hreaking off and falling below. T did not
notice any sogging of the roof. I should say
that the whole time thai clapsed between hearing
the first noise, and the fall of the roof would be
ten: minntes,  Underneath cach of the stages
were hung canvas bags for the safety of the men
at work.  The platforms down below were pro-
tected by light struetures of woodwork covered
with curved corrugated sheeting, My instrue-
tions, as regards the principals, were to scrape,
clean, and repaint all the members, but not to
renew, cul ont, take away, or replace any of the
iron work withoni first reporting the necessity
for doing so.

Jumes  Henry  Edge, hammerman  in  the
engineer’s department, states : 1 have been

employed as hammerman for six years, About
3.30 on the 5th December, I climbed up the
ladder outside the roof on to the crown. I was
retwning after completing another joh, 1 saw
Mr. Stirling on the crown of the roof coming
towards the Jadder with a zine sheet, T went on
up the ladder to the erown, and then heard a
loud  report, followed by a rumbling noise.
Then 1 shouted out that the roof was falling, and
ran away along the gangway on the erown of the
1oof towards the hofel. I had heen employed
on the Charing Cross Station roof for some weeks
off and on, and bad been also employed during
the past 18 months on similar repair work at
Cannon Street Station. My work was chiefly in
connection with helping to fix up the stages, and
cutting out rivets and bolts when required. I
noticed a crack in the iron channeling at the
top of the wall, before beginning to go up the
ladder, but at the time 1T did not think anything
more of it. All the time fhat 1 was employed
on the roof at Charing Cross Station previous to
the day of the accident, I il not notice any
noise which would denote anything dangerous
in the state of the roof, I do not remember
seeing anybody on the roof at the time 1 shouted
out that it was falling, except one man who ran
along the gungway with me.

Nathaniel Hobbs, labourer in the employ of
the enginecr’s department, states : 1 was working
on the stage that was hung in the fourth panei
from the west. 1 was seraping the iron work, 1
heard a lond “bang.” 1 did not know what the
noise was, but 1 noticed that ihe sceaffolding
seemed to drop a little. 1 thounght that some-
thing had gone wrong with the stage so 1 climbed
on to the roof, and got down the ladder., 1 met
Mr. Sirling as he eame from his office. He
asked, *What is the matter #” I did not stop.
Someone else answered him. 1 thought some-
thing had gone wrong with the scaffolding, and 1

LV
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was afraid to go back. 1 had beén working for
several weeks on the roof, but T bad not during
that time heard any sort of noise that was
uncommon or called for attention.

David Bunn, signalman at Charing Cross box,
states: At 3.44 p.m. on the Hth December, 1 was
looking towards the station, and saw the west
side of the roof falling. The wind screen
afterwards fell towards the north. The last train
to leave No. 2 platform was the 3.35 p.m. for
Hastings. This train left at the jproper time.
An up-train arrived at No. 6 platform at 3.39.
There were no other movements in the station
in or out between 3.35 and 3.44, when the roof
fell in. DBefore 3.44 I heard no noise to draw
my attention to anything in the station or roof.
At 345 1 blocked back to Belvedere. I had the
2.5 p.m. up-boat train from Folkestone offered to
me at 3.45. 1 did not accept it.

John Thomas Woodland, chief platform in-
spector at Charing Cross Station, states : T had no
warning of anything being wrong before the
accident happened, and it was on returning from
No. 2 platform to the square, that I heard the
noise of the roof falling. At first I thonght that
it was an engine boiler that had burst. Iimme-
diately sent to the hospital for assistance.

John Selterfield, guards’ inspector at Charing
Tross Station, states: About 3.30 p.m. on the
5th December, 1 was in my office above the
bookstall when I heard a slight report. It was
different from other station noises, and I called
the attention of my wate who was in the office to
it. He thought that it wag a train running into
the buffers, but I did not think so, as there was
nothing moving in the station. Nothing more
happened then, and [ went on with my work.
About 3.45 T heard a loud noise as 1 was sitting
looking up the station.
wood staging, op which the men were working,
beginning to fall. The roof immediately followed,
the last thing to fall was the screen at the end.
There was no warning to anybody on the plat-
forms, to my knowledge.

Harry Stone, platform inspector at Charing
Cross Station, states : I was on No. 6 platform
about 3.30 p.m. on the 5th December. I heard no
ghouting from the roof. About 3.34 1 heard a
report like a gun-shot up in the roof. I looked
up and saw one of the tie-rods broken and hanging
down. It appeared to be over No. 2 platform. It
was ouly the tie-rod of one panel that was broken.
1 then looked up to the voof, amd mnoticed that it
was slightly bending inwards. This was imme-
diately after the 3.34 p.m. train had arrived. 1 then
went over to Nos. I and 2 platforms ueross the
mils. I told Hatch what 17 had seen. I could
sec thut the tie-rod was broken standing on
Nos. 1 and 2 platforms, but the bend in the roof
was not visible. I went back to No. 6 platform
as T had the 3.39 train to book out, and as T passed
on my way I cautioned other men. When I got
to No. 6 platform, T could see the roof was more
bent than before. The 3.39 train went out, and
the .43 came in at the same platform, No. 6.
Then a man who had come down the ladder from
the roof came from between the carriages standing
on No. G line, and he said, “ Look out, governor,
the roof is all coming down,” so I turned and ran
inwards with others who were on the platform.
There were no noises going on in the roof, or
glags falling, after the first report occurred until

1 looked up and saw the.

the vhole roof fell. There was a man at the head
of No. 2 platform who was on the look-out for
danger from falling articles. He was one of the
people I spoke to, to draw attention to the bending.
of the roof. I went across to No. 2 platform’
because 1 thought that there was some danger of’
the broken tie-rod falling. I did not think there
wag much danger at No. 6 until the man came
Jdown the ladder, and said that the roof was:
falling. _ '

William Edward Goodehild, yard foreman at
Charing Cross Station, states: 1 was standing
at the door of our lobby, which is under the
Charing Cross signal-box, about 3.30 p.m. on the
5th December. About this time I heard a loud .
report. At first I thought that an engine or train
had run into the bhuffer stops. DBut 1 at once
rememnbered that there was nothing moving in the
station, and, therefore, it could not have been
anytbing striking the buffers. I recognised it as
an unusual noige. The mnext thing 1 saw was
some platelayers running towards the station. i
got on to No. I platform under the covered way,
and saw a stay broken, I understand it is called a
tie-rod.,  To the best of my recollection it appeared
t9 be broken in the 4th panel from the west wall,
cloge to the eastern coupling, and to be hanging
from the second coupling joint. It appeared to
have broken away from the third coupling joint,
[ did not think it was anything serious, and 1
went outside again. I saw all the men come
down the ladder from the top. Several went back
again. I saw a rope being dropped through the
roof, and T thought it was meant to catch hold of
the tie-rod which was hanging loose, and to hold
it up. I then went back to the box. About 34D
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 was
confusion, not only among the workmen on the
roof, but alto among the people on the platform,
when the first report occurred.

Hurry Cock, out-door assistant to the locomotive
superintendent, states : T arrived at Charing Cross
by the train due at 3.34, which wasabouta minute
late. [ walked off No. 6 platform into the yard
where the locomotive foreman usually stands.
He was not there, so 1 walked towards No. 1
platform. I was met by inspector Stone, who
informed me that a tie-rod in the roof had broken,
I said to him, “I will go and look at it.” Om
walking further up No. 1 platform I met loco-
motive foreman Neve. He also told me a tie'rod
had just broken, and asked me if T could see it.
I could not see it from where | was standing, and
I walked further along the platform and siood
almost immediately under it. 1 could not see
it from the head of the platform on account of the
darkness under the roof, It was not until 1 got
nearly under it that I could see that the tie-rod
was broken, and hanging down. To the best of
my memory it wag broken between the second and
third vertical stays. It was hanging down from
the second siiffener from the wall. I thenhearda
rumbling noise overhead. 1 turned to foreman
Neve and said “ Look out, T believe there is some .
more coming,” and we only just had time to escape.
We ran outwards to the south, and I was struck
by something in the back. I uoticed no fall of
glagg, nor of any articles whatever previousty. .1
am still of opinion that the break occurred between
the second and third stiffeners, Of course, 1
cannot be absolutely certain, but from where
T stood on the platforn: that was my impression,



Hewjmin Barber, police constable in the rail-
Wiy service, siates: On December Hth I was
Shecking tickets at Nos. 3 and 4 platforms, aboyt
430 pam. - T heard no unusual noise in the station.
Police constable Fitt came to me from No. 2
Wrrior, and pointing to the stay or rod, he said,
“Did you notice that stay was broken there 7' T
S it when he pointed it out. He said he would
20 and see what was the matter. He then started
2o up No. 2 platform. About ten minutes
Iter, o5 far as I can remember, I heard a loud
wrsh, and I also saw glass falling. Then the
Whole roof appeared to collapse and come down.
Asnear us I can tell the stay was hanging over
No. 2 platform.

Williwmn Fiti, police constable in the railway
service, states: I was standing on No. 2 platform at

1 the barrier about 3.30 p.m. on December 5th, when
l Iheard o sharp report like a gun. It seemed to
E some from the south end of the station. I looked

sound towards that end of the station, aud noticed
: it one of the stays was hanging down as if it
) Bl been ‘broken. The train went out at 3.35.
. [ then went to the middle barrier. I spoke to
Birber, the foreman, and asked him if he had
eand the noise. He said “ No.” I pointed to
the roof and showed him the stay hanging down.
I might have stayed with him two minutes, and
I then went to No. 2 platform to ses what was the
mitter. I saw the stay hanging down from the
wof. As | stood on No. 2 platform it appeared
1 me that-it was the tie-rod in the third bay from
e wall that had broken, and was hanging down
from the zight hand coupling. There was no
noise at all, nor anything falling except dust.
Some dust went into my eye, but beyond dust T
| noticed nothing falling. I stopped there some
! il time, a8 I thought the rod might break off
and full, and so 1 stopped people from coming
it way. . I waited on until I heard a terrific
nuise.  Someone shouted “ Run,” and I ran down
e platform towards the hotel. T was looking at
e elock when I heard the first report and I
should say it was 3.32 or 3.33. Just before I
started to run I noticed that it was about 3.45.
I looked ut the clock on the second occasion
because | was due back to assist Barber at No. 2
burrier,  The actual fall of the root did not take
more than a few seconds of time from the moment
that | hewrd the second report.

d Willion  Lowes, platform. inspector, states: I
Was on No.. 2 platform about 3.30 pm., on
December 5th, starting the 3.35 Hastings down
in.  About 3.32 or 3.33 I was under the
Smporary corrugated roof at No. 2 platform when
I hwand something falling on the corrugated sheet
o, It was an unusonal noise, T then started
e 0285 train out. My attention was drawn to
suue part of the roof that was hanging down by
frivnds of passengers travelling by the 3.35 train.
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As far as 1 cap judge, the tie-rod was broken
between the second and third stiffeners. It had
broken away from the second coupling joint, and
was hanging from the first coupling joint. Mr.
Porter, gas foreman, came up and said that he
thought it dangerous for any train to come in to
that platform. We were then expecting the
Folkestone boat train to arrive. I walked back
with him, and he advised me to get the con-
tinental train into No. 2 platform instead of
No. L for fear of accidents. I started to go to
the telephone office at the north end of the
station, but before 1 had got half way back I
heard a crash, and the roof came down. There
were no passengers or other paople standing on
Nos. 1 and 2 platforms. I should say that the
time of the second crash was about 3.45. I can
remember the time, as I looked at the clock,
before starting towards the telephone office, to
see how long there was before the boat train,
which was due at 3.50. It was then 3.45.

James Porter, foreman of the gas and plumb-
ing department, states: About 3.30 p.m. on the
Sth inst. 1 had climbed up the ladder leading
to the top of the east wall, where some of my
men were working, when I heard a report like
a gunshot and I felt the gutter shift. 1 went
part of the way up the ladder to the roof to see
what the noise was, and then I met the painter
coming off the roof. 1 asked him what was the
matter. He told me that something had gone—a
girder broken, or something of that sort. 1 went
back down tothestationtoseeifanything was hang-
ing which might be dangerous, I went down to
the bottom, and passed under the station by the cab
road and came up the cab entrance. I met
Inspector Lowes on No. 2 platform, and there 1
saw the tie-rod hanging down. 1 cannot quite
say where it was hanging from or where it was
broken, but it seemed to be a long piece, extend-
ing over more than one bay. I told Inspector
Lowes that I thought it was dangerous, and thai
the mail train should not be allowed to run into
No. 1 platform. I stood and watched the roof
come down, The west end appeared to fall first
and the sash bars opened. My impression was
that the tie-rod was supported at the wall, and
the remainder of it, from the point where it was
broken, somewhere between the second and third
stiffeners, was hanging down. ‘

Benjamin Chaplin, bridge inspector of the
engineer’s department, states: The main tie-bar
of the fallen principal has been cleared suff-
ciently since mid-day to-day, the 9th inst., to
follow it throughout. It is broken in one place
only, between the second and third vertical
stiffeners from the west wall, about 12 to
1tinches from the third coupling, also counted
from the west.

Foidence taken on 12th December, 1905.

Lowis Bacon, a workman on the roof of the
Avenne Theatre, states : At 3.30 pan. on Decem-
ber 5, 1 was on the crown of the roof of the
Avanue Theatre close to the wall which separates
e auditorium from the stage. 1 was iu live
With the secend pier of the station wall from the
sonth, At that time I heard a loud report like a
g going off. 1t appeared to come from the
sl of the Charing Cross Station. It was an
unisual sound, quite different from the noises
it the workmen on the roof were making. ¢in
Saring the report, I turned round and saw a lot

of men coming out on to the roof from the
stages and running away. T could see the
stages on which the men were working. Two or
three minutes afterwards 1 noticed about a
dozen men come back. They came back from
the east side of the roof, and I saw them com-
mence lashing up something, after gotting througn
the openings in the roof on to the staging. It
appeared to me that they were on the stage
which was about half way up the west side of
the roof, and under the glazed portion close to
the second principal from the south, After
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y y ;
looking at a drawing of the elevation of the
main girder, it appears to me that they were in
the third panel from the west. Immediately
after the first loud report, I saw a portion of the
crown of the roof, which seemed to me to be
situated about 30 feet from the south end, appear
to drop or sag inwards, and then stay in that
position. T resumed my work, but on hearing
fairly regular cracking noises from the roof, 1
looked again to see what was the cause, and then
noticed that cracks were appearing in the relieving
arch-work of the station wall which connects the
two end pilasters. The cracks appeared to begin
very close to the second pilaster from the south,
and to run diagonally downwards and north-
wards. The appearance of these cracks made
me think that there was some danger, so I called
to my mate and went off the roof on to the
temporary theatre scaffoiding, which is sonth of
the end of the station wall. T then saw the top
of the second pillar from the south leaning
outwards. I called the attention of the scaffolder
to the appearance of this wall, 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 was about on a level
with the top of the station wall, and 1 therefore
could not see the actual crown of the station
roof. I was working on the roof of the theatre
on the 4th December. Both on that day and on
the 5th, I was frequently within about 20 ff. of
the face of the west station wall. 1 did not
notice during these days any cracks in the wall,
or pilasters, or other signs of failuve. 1f there
had heen any cracks in that portion of the
station wall, which afterwards fell, it was so
close to me that I think I should certainly have
noticed them. I should say that about 10
minutes elapsed between the time I heard the
gharp report and the collapse of the roof.,

Robert Lane, scatfolder in the employ of
Messrs. Patman and Fotheringham, contractors
at the Avenue Theatre, states: At about half
past three on the 5th December, I was on the
temporary scaffolding at the south east corner of
the Avenue.Theatre. Where I wasstanding was
actually south of the termination of the station

wall. I heard a loud sound. It was an unusnal
sound. I did not know what direction it came
from. The sound appeared to me 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 plumb, leaning
outwards. The bulge appeared first between the
second and third pilasters from the south end.

1 then saw the mortar crumbling away, and !
knew that the wall was falling. I stepped back
and saw the roof crash down and the wall
collapse. 1 had been working for Messrs
Patman and Fotheringham for 10 or 11 weeks at
the theatre. 1 erected the scaffolding on the
east side of the theatre close to the station wall
which fell. The level of the scaffolding was
congiderably lower than the top of the station
wall, but we were often quite close to the portion
of the wall which subsequently tell. The wall
appeared to be in thoroughly good order aund
condition. I saw no signs of cracks, or of its
being out of plumb. I do not suppose it was
any fault of the wall that the roof fell. 1 have
never heard of any settlement in the wall of the
theatre, or any part of the theatre before the
accident occurred. There were some cracks due
to an air flue which were of old standing, but
they were not due to any settlement.

Bdward Collins, foreman scatfolder with
Mesgsrs. Patman and Fotheringham, states: 1
have been employed at the Avenue Theatre for
more than three months. I was responsible for.
the scatfolding all round the theatre. There was
scaffolding Dbetween the theatre wall and the
station wall. The top of the scaffolding is con-
siderably below the level of the station wall.
T was on the top of the scaffolding about 3.50
p.m. on the 5th December, I did not hear any
unusual noise from the station, and 1 did net’
potice anything, until my triend (the last wit
ness) called my attention to the condition of the
station wall. When I looked at'the wall it was
bulging out like a balloon. This was jusl
opposite the stage of the theatre. The bulge got
bigger and bigger, and then it went all of a
sudden., The second principal—counting from
the south—fell first and a large piece of wali
immediately under it fell. The eund principal
fell afterwards, and brought the remainder of
the wall with it. I stood and watched it all
fall, until the scaffolding—within a length of
where I was standing—was down, and then I made
for the ladder. T have had many opportunities
of seeing the station wall since August last, and
I have noticed nothing in its condition which
would lead me to suppose it was unsafe. lf
there had been cracks of any importance or size
in this wall I should have been sure to have
seen them, and if 1 had seen them I should have
called the attention of the contractors to them.
It does not, therefore, appear as if it was any
fault in the wall which brought the roof down,
I never looked to see whether the wall was oul
of plumb. ‘

Fviaence taken on 15th December, 1905.

Harry Foster, labourer in the engineer’s
department of the Railway Company, states : On
December 5th I was watchman on the platforms
in Charing Cross Station. My instructions were
to sound a horn in case of trains arriving, or
passengers passing, under that portion of the roof
where the workmen were engaged. The men
stopped working at the sound of my horn. About
2.30 pam. T was standing in the permanent way in
No. 1 road at the south end of the station. 1
heard a loud noise as if something had fallen on
to the temporary corrugated roofing of the
platform. 1 thought something had fallen on the
roof between Nos. 1 and 2 roads. I got up on
the platform to see what had fallen, but seeing
no signs of anything I looked up to the roof.

I walked northwards and looked up to the roof.
I saw the men on the stage in the third panel
from the west looking at a broken bar. Thig bar
was under the staging. Some of them wen
kneeling on the staging looking over., and others
were looking through the staging. It appeared
to me that this rod was hanging from the seconi
coupling joint, and that it was broken off closi
to the third coupling. I warned Inspector Lowes
to keep people on the platform away from this
point under the roof. 1 also warned the shunter
foreman and a gentleman who was seeing som:
passengers off. At that time I had not seen
foreman Stirling on the stage. 1 then wenl
south again round by the Custom House to see
if there were any trains approaching or moving.
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Uhen I went back to where Ingpector Lowes was
standing, and I save Stirling come to the, edge of
the He shouted out, *“ Watchman, stand
L then got into the permanent way of’
, and walked towards the signal- box in
the mids {le road, with the red flag undu- my arm.

stage.
tlear.”

) Popd

! went there to watch for and stop any lrains
wriving, and to watch the signals. 1 Jept
vatching the signals.  All the running signals

applying to N()b. 1 and 2 roads were at danger.
1 i not hear any noises coming from the roof
\ter the first loud sound. There were a few
things falling which I thought came from the
suging. I next heard a great crash and saw the
roof fall. T did not take any action for protecting
Nos. 4 to 6 platforms because I thought the only
dipger was from this one bar falling on
Nog. 1 and 2 platforms. I did not notice any
"':m..n breaking away of the tie-rod from the
conpling joints. 1 have been doing this watch-
nun's work at Charing Cross Station since the
work was commenced in lagt August. If I had
seen any train approaching Nos. 1 or 2 roads I
ghould have displayed my red tlag and stopped it.
I did not see anyone cleaning or doing anything
W the advertisements on the west wall of the

stieion,

Grorge Coulson  Stivling (recalled) states :
Mr, Ellson was up in the roof on the day previcus
w is fall,  He went up in the roof two or three
times every week. I saw no signs of any move-
ment i the walls or givders previous to the
weeident. I have not yet seen the fractured ends
of the tie-rod. On the west side of the roof,
between the first and second prineipals, all the
sluss was removed over the staging, that is to say,
the glass over half the bay. On the east side
there were four lines of panes of glass removed
the staging. This glass which had been
tken ot had been removed from the roof. The
setnal extent of lightening the roof amounted to
tonr rows of glass on each side. The other glass
would have been filled in before the stages were
MRImovea,

over

Fdward Mercer, foreman bricklayver in the
employ of the Company, states : T have oceupied
my pregent position for over 20 years in this
district, T am well acquainted with the walls of
Uharing Cross Station.  There are cracks of old
slanding in some of them. These are principally
panels between the piers which support
the prineipals,  No fresh cracks have bheen
ohserved in the walls during the last 20 years.
Taere rever have been to my knowledge any
cracks in the pillars.  All the cracks that T am
aware of have ““tell-tales” fixed, an:d these are
measured séveral times in the year. There has
been no growth of these cracks. There were
pone of these cracks in the two panels of the
west wall that have fallen. One of the cracks
that we now have under observation is in the
third panel from the south in the east wall. T
am not aware of any cracks in the last two panels
1 the south of the east wall. I have given my
foreman, Hutchinson, special instructions fre-
quently to examine the walls. He would report
tome at once if anything were wrong with the
walls, If there had been any movement out of
pIuml.I should have noticed it and called the
shgineer’s attention to it. There was nothing in
the state of the walls or their foundations, in my
spinion, which can explain the fall of the roof.

i the

Henry Hutchinson, district foreman bricklayer,
have been employed by the Company
a8 district foreman for about 22 vears, and T have

stites @

been well acqudmte«l with the walls of Charing
Cross Station all this time. I have had specml
instructions for the last 18 years to carefully
wateh the station walls. T generally walked
round the station and looked at the walls once a
day, sometimes twice. In the panels of the west
wall that have fallen T never observed any cracks.
In the viaduct sub-structure there were gome
cracks in the walls of the porters’ room and
guards’ room. These were pointed some two
years ago, and I have not since detected any
movement prior to the fall of the roof. There
have not been, in my knowledge, any cracks in
the two south end panels of the east wall. There
is an old crack in the arching under the tank.
This joint was pointed up in October and has not
moved since. If there had been any settlement
of the foundations, I should have noticed cracks
occurring. I do not see how the condition of the
walls could in any way have caused the fall of
the roof.

George Kllson, an assistant engineer in the
service of the Company, states: I have been
seven and a-half years in the service of the Com-
pany. In December 1902, I received instructions
from the Company’s chief engineer to examine
and report upon the condition of Charing Cross
Station roof generally, more especially with regard
to the condition of the ironwork. T had staging
erected at various points where I thought the
corrosive effect of smoke from the engines would
be most likely to be seen. These stages were
supported by chains and rods from the roof.
The stages were very small. Such ironwork as
it was possible to get at from these stages was
examined. There were stages at four points.
One of these stages was at No. 1 principal on the
west side, another was at the seventh principal
counting from the south, another at the ninth,
and the last was on the east side at No. 4 prin-
cipal,  In addition to that we were lowered at
three different points by cradles from the roof,
Mr. Maddock, inspector of ironwork, and fore-
man Stirling, were with me. From the stages
we examined all the sash bars, purling, the main
rib, the vertieal struts, and diagonal pieces, and
the main tie-rods that were within reach. The
actnal picce of tie-rod we examined in the first
principal was the one in the second panel from
the west. (renerally speaking, we found the
ironwork in good condition. It was rusted, the
sharp corners having been mostly attacked by
the rust.  In all the tie-bars there was no serious
diminution of metal. There was still a good deal
of paint adhering to the original metal. The
metal of slight section, such as three-eighths flat
bars, had suffevred most from corrosion, and the
under-side of the “'T'” sash bars. There was no
material loss of sectional area in any portion of
the principals. I suppose that the reason for the
sash bars suffering most wasthatthe fumesof 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
Const.mtl y in contact with the sash bars, than with
any other portion of the ironwork. The rusting
that was going on was in the form of powder rather
than ﬂakeq. The greater portion of the rust in
my opinion was due to sulphur fumes rather than
to moisture. The rusting of the “T” sash bars
was also due to condensation from the roof.
There was a great deal of paint adhering to all
the 1ronw0rk We did not observe that any
bolts were missing, and found no evidence of
weakness of any dcscription. "I have seen the
tie-rod since it was fractured. There is
not much paint left on it at the present time.
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The outside of the rod is pitted with rust or
corrosion. The marks are not of any depth. 1
do 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, because
it appears to me that the whole flaw was in exist-
ence when the roof was erected, and has always
existed as it was found after the fall of the roof.
My idea is that it is a fault which originated
when the metal was piled and whilst it was being
hammered. I do not think myself that the Haw
has grown in any direction. 1 did not see any
signs of drawing out of metal in the fracture. 1
should say the whole of the fracture had a
crystalline appearance—there is no sign of fibre.
I reported to Mr. Tempest that the ironwork
generally was in good condition, that it required
scraping and painting, and that some ironwork
of slight section required remewal. It did not
appear to have any signs of weakness. That was
nearly three years ago. Previous to examining
Charing Cross roof I had examined the Cannon
Street Station roof. The condition of that roof
wag not so good as that of Charing Cross Station.
T was put in churge of the repair work of Cannon
Street Station roof in September, 1903, and I was
in charge during the 13 months that the work
was going on. 1 -was putin charge of the repair
work at Charing Cross Station at the beginning of
July 1905, My instructions were to carry out the
seraping, cleaning, and painting work (three coats
of paint), and to put the roof in a thorough state
of repair. Staging was constructed for the pur-
pose carried by the purling of the roof, and the
men carried out the cleaning and painting work
from the stages. I instructed Stirling that the
work was to be done in a thorough manner, All
the ironwork was to be examined, and I myself
examined almost the whole of it ag it was cleaned.
1 was up in the roof two or three times a week.
1 used to test the manner in which the ironwork
was cleaned by scraping off the paint in places,
after it had been put on, to see if the rust had
heen removed, and the proper number of coats put
on. I caleulated out what the effect of the
additional weights brought on the roof would be.

FEvidence talen on

Mr. Perey Crosltand Teinpest, M1 K., states :
I am chief engineer of the Managiag Committee
of the South-Fastern and Chatham Railway Clom-
panies, and as such am primarily responsible for
all engineering structures. 1 have known
(‘hamng Cross Station for 25 years, and have had
charge of it from 1895. I had charge of it from
1895 to 1899 as resident engineer, and from 1899
onwards gs chief engineer. The station roof was
designed by the late Sir John Hawkshaw, and
was comple’red about the year 1863. It was huilt
by an independent company which was amalga-
mated with the South-Eastern Railway Company
in 1864. The station is vested in the South-
Eastern Railway Company and managed by the
Managing Committee. The type of roof is a
crescent trussed bow string, supported on side
walls. The length covered by the roof hetore the
collapse was 510 feet, and the clear span between
walls is 164 feet. There are 14 main principals
and one screen girder at the south end. The
distance from the wind screen to the first
principal north is 41 feet 6 inches. The width
between the first and second principals is 37 feet,
between the second and third 36 feet, and the
remainder are 35 feet apart. These dimensions
are central. Each principal is carried on

To do this I took out the actnal weights of the
stages, allowed for a horizontal wind pressure of
44 1bs. per square foot and 5 lbs. for snow. 1
cdleulated that the total results of these loads -
would be a maximum tension of geven tons on -
the square inch of the tie-rod. With the available -
sectional area of 16 inches this would mean a
tensional pull of about 112 tons on the tie-rod
which broke. Thiswould allow a factor of safety .
of about three. I told Stirling, who was in charge ~
of the work, that nothing but what was necessary
was. to be @tacked on the roof of the station. 1
think the material which he, in hisx evidence,
states wag on the roof was in excess of what
actually need have been there. I have found
Stirling a very careful man. I am quite sure he
would not have removed any bolts or nuts, or any
integral part of the roof without obtaining my
permission. T alss think he would not have
stacked the zinc and glass on the roof unless he
thought it necessary for keeping the work going.
1 was on the roof on the day before the accident.
T did not notice any material stacked ou the roof
then. I thought then he was keeping his stages
very clear of weight, I noticed certain cracks in
the brickwork pancls between the pilasters at the
south end of the station on both =ides. 1 ascer-
tained from Mercer that the ¢racks were of old

standing. The walls did not show any signs of
weakness, I do not think that the fall of the

roof was occasioned by any subsidence of the
foundations of the walls. I am notaware of any
unusual vibrations being set up in the station. If
there had been any bolts missing in the portion
of the roof when 1 first examined it, in 1002, I
should have seen the holes and found it out. I
thought at that time that the coupling joint
between two tie-rods was formed by the collar,
and that the collar and flat iron above it was one
golid forging. Since the roof fell we have found
that this is not the case, and that there ig a
straight joint between the collar and the flat iron
above it to which the diagonal braces and verticals
are riveted. I should like to add that my opinion
of the flaw in the tie-rod was founded upon a
carsory examination only.

Sthe Febroary, 1906,

pilasters which rest ou a brick viaduct. The side
walls between the pilasters are filled in with
brickwork in mortar. 1 putin a plan showing
the dimensions of the brickwork and the heights.
It iz 45 feet from the top of the side walls to the
level of the crown of the voof, the maximum
depth of the truss being 20 feet. The end screen
consisted of a hox girder with an ordinary built
up plate flange for the bottom member, tie-rods
not being used. The ends of this girder rested on
the two southern pilasters, and were placed at the
same level as the footings of the main principals.
The width of the box girder was 3 feet. 1t was
not stayed in any direction southward. The iron-
work was constructed by Mesgrs. Cochrane,
Grove, & Co., and the iron came from Lord
Dudley’s works. At the south-east end of the
station there are buttresses which support a tank.
I have no reason to believe that they were built
for any other purpose than to carry the tank, but
they add considerably to the stability of the wall
at that point. There are no buttresses at other
portions of the wall. The buttressing of the
south-east end was carried 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-



pal which fell weighed 63-16 tons, or 184 Ihs.
°r superficial foot, the actual area of roof sup-
by this principal being 200 feot by 336
e, or 7,700 superficial feet. To this must be
“added the staging supported by if, which weighed
T4l tons. Therefore, the total dead load carried
- by this principal prior to its failure was 80-37 tons,
o 2] - per superficial foot of roof area.
The design of the roof is that of a contained arch.
~ There is no thrust on the walls, the pressure
; vertical. The seantlings of the different
members of the principal which fell were :
- purling, four angle-ivons, Sbins, x 3ins. x ) in,
- purlin lattice bars, 2 ins. { in., purlin bracings or
i [,mmon rafters, two tee-irons, 5 ins. x 3ins. x §in,,
- lattice bars of the common rafters, 2 ins, x 2 in. :
~ miin rib, top boom, four angle - irons,
L 6ins. x 3 ins. x § in. web plates of main rib,
18 ins. x Lin.; tie-rods, middle bay 4} inches
~ diameter, next bay 42 inches, next bay 4} inches,
- hext bay 4§ inches, and the side bays b inches :
~ panel counter bracings, flat bars, 4 ins. x ? in.;
- panel verticals, two tee-irons, 6 ins. ¥ 3 ins. x Lin,
- [ hand in three diagrams showing the stresses
- (1) due to weight of roof only, (2) due to roof and
- slaging, viz, 80:57 tons, equivalent to 23-4 1bs, per
super. foot, and (3) the stresses on a normal prinei-
pal with the central interval of 35 fect, which would
ilt from the test load of 127 tons distribnted,
ch was applied at the works before erection,
- Thiz latter weight is equivalent to a load of
ADT 1bs. per square foot of roof area supported.
- The additional weight carried by the principal
Wwhich fell owing to the staging was 17-41 tons,
ineluding men, tools, canvas sheets, and zine, &e.
Fhe staging, with the exception of that under the
lantern, weighed actually 27'43 tons. This
“inclades everything, men, tools, and materials,
m this amount a deduction of *8 ton must he
¢ on account of the glass which it was
Necessary to remove hefore the hangers coulil be
put up.  The main stage therefore weighed
2063 tons, The eentre stage nnder the lantern
ighed 538 tons. Therefore, the total additional
ght on the roof due to staging, materials, men,
by Was about 32 tons.  To arrive at the weight
rried by the principal which fell, I resolved the
ghts according fo the points at which they
ere earried by the hangers, and this gives a load
1741 tons of staging carried by No. 1 principal,
m  the diagram of stresses which 1 have
ided in it will be seen that on the tie.-bar
h broke the stress in tension amounted to
tons., The area of the bar as erected was
kquare inches. Therefore, the stress in
usion per square inch of the whole area was
dtons, The weight of staging carried by the
neipal at the time of its collapse amounted to
approximately 5 1bs. per square foot of roof area.
Ahe factor of safety in the tie-bar which broke,
ning an nltimate strength in tension of 20 tons
square inch, was therefore 3:89. A similar
was put up eight years ago, and the
8 therefore would be identical at that time.
iderably heavier weight in the shape of
2ing was placed on the roof abont 37 years ago,
alier a fire on the station platform.” I have
talcnlated that a horizontal wind pressure of
Ibs. per square foot, in addition to the dead
bt of the roof, would bring a tension stress
the tie-bar in questior of 571 tons per square
I have also calculated that a horizontal
pressure of 27 1bs. per square foot would
the same additional stress in tension on the
85 that due to the staging. As regards
ion, there are no fixed periodieal inspec-
but the roof is constantly under observa-
m—both the roof and walls. There are always
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men working on the voof, They were practically
there every week, and they had instructions to
examine wherever possible, and report anything
they noticed to be wrong with it. The walls were
walked round daily by the foreman bricklayer in
charge of the London district, and any movement
would have been at once reported. The district

engineer also visited the roof twice a year. It
Wwas an examination made in the best possible

way without a staging.  'When the roof is painted
and seraped, it is very carefully examined, and
in addition there is one special inspection made
between the periods of repainting,  The last
renovation was completed in February, 1898, [
was then in charge of all the works of the
South-Eastern Railway as resident engineer.  In
December, 1902, 1 ordered a special examination
to be made by an engineer, Mr. Ellson. He
reported verbally to me, and we spent the best
part of a day going throngh his note book and
observations. IHis report was that the condition
of the roof was generally satisfactory, that the
principals were in very good order, but that
some of the light iron work, for instance, the
glazing bars, and the intermediaie rafters, were
showing signs of slight corrosion. After care.
fully considering the whole report, I came to
the conclusion that I would renew the glazing
bars which were rusted and the common rafters,
when the voof was painted, but that it would
not be necessary to do anything to the roof at
that time. It was suggested by the directors in
1995 that it might be advisable to remove
the roof altogether, and 1 was requested  to
look into the question of cost. They suggested
that it might with advantage be removed
because it was architecturall ¥ a blot upon
the City of London, and expensive to main-
tain, I, however, advised them to retain the
roof as it was in such good condition. 1 thought
it would be a waste of money to remove it. To
my knowledge there had been no repair work
done to the roof up to 1905, except as regards the
lantern roof. The work carried out from time to
time had consisted of seraping, ecleaning and
painting.  There have not, therefore, heen any
records kept, as there was nothing to keep records
of. There have been cracks in the walls ever
since I have known the station, These have been
under close observation, and tell-tales have been
fixed upon them, but no movements have
been recorded. Subsidences of the foundations
of the viaduet wounld be shown by eracks in the
piers or arch work of the viaduct. There have
been no fresh eracks of recent yvears, I cannot
find that there is any ground for the supposition
that the collapse was due to failnre or subsidence
of the foundations or walls. As regards the work
in connection with the Baker Street and Waterloo
Tube, and the ccnnections between that tube and
the District Railway, if there had been any settle-
ment caused by these works it must have shown
itself first of all in the viaduct npon which the
walls are built, and also in the waﬁs themselves,
The only work in or near the station that has
been going on is the repair to the main girders at
the fan end of the bridge, which has been in hand
for the last 15 months. 'There has been no piling
oranything to cause vibration. I do not consider
that the scorching of the paint work, which was
the only result of the fire that occurred in 1868,
would have had the likelihood of weakening any
of the members of the principals. The building
that actually was burnt on that oceasion was the
Continental shed on the No. 1 platform, which is
60 feet below the principal. As regards the
repair work which was being carried ont on the
roof immediately before its collapse, 1 was
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removing some of the glazing bars and some of
the common rafters. I was not taking them out
because they wers weak, but because they were
rusting. I have had the worst of these which had
been removed tested. I find an ample margin of
strength left in them, and they would have done
duty for a great number of years. 1 think there
is only one possible theory to account for the
collapse of the roof. The tie-rod which broke
ghowed a bad flaw caused, as subsequent exami-
nation has demonstrated, by an imperfect weld,
and it is not necessary in my opinion to look
further for the cause of the collapse, althongh I
have considered it from every other possible
point. The different lengths of the tie-rods,
which are about 18 feet long, have screwed ends
which are fitted into muff couplings situated at
the bottom of each of the vertical members of the
truss. From careful examination in the testing
room of other ends of similar bars, it is fair to
assume that these screwed ends have bewn
attached to the main body of the tie-bar by a
geart weld, and it was one of these welds which
gave way. The fractured section revealed the
fact that only a small proportion of the area of
the metal of the bar had been doing its work, and
that is a complete explanation of its failure. It
is very difficult to say how much of the metal
was actually in contact in this rod at the time of
the collapze, but speaking roughly I shounld say a
little more than one-third of the bar was doing
work. This would reduce the available section
to between five and six inches. The weld was in
no way affected by rust or corrosion. The loss of
diameter in the tie-bar due to rust was one-tenth
of an inch, so that the tie rod instead of being
4} inches in diameter, az when erected, had at
the time of failure a mean diameter of 44 inches.
The bar in question 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 metal in the bar behind the
fractmie, when tested, showed an ultimate
strength of about 20 tons to the square inch
in tension. The fracture shows that over its area
the iron was in metallic contact at isolated points
round the cirenmference but not in the centre.
The only practical method that is available for
the examination of iron work in a roof is by
scraping the surface clean and then examining it.
If any signs had been noticed of a fracture
appearing, the place would have been examined
by an engineer. 1 do not think it would be a
practical test to pass an electric current or
currents through the har, nor would it have
revealed the presence of this flaw, which I am
quite sure could not have been detected. Paint
is cleaned off by using flares and wire brushes.
The pruncipal that fell is, generally speaking,
about in the line and over where the locomotives
stand in the station, and therefore it was more
liable to corrosion or rost than, possibly, the
others were ; but, in spite of this, the members
were in very good condition. I have every con-
fidence in Mr. Ellson, the assistant engineer, and
Mr. Stirling, the hridge foreman, who was in
charge of the repair and painting work. I am
quite sure nothing was visible on the surface of
the lie-bar to show that the bad weld was in
existence, and I do not, therefore, think that
when they had come to this tie-bar in the
ordinary course of their work, and had scraped
and cleaned it, they would have observed the
flaw. Foreman Stirling had no idea when he
saw the broken brace that the tie-rod was also
broken, as it was hidden from his view by the
stage and sheeting ; had he realized this he would
cartainly not have rvecalled the men, to endeavour

to repair the bracing, as he did. He is a good
practical and reliable workman, but of course he
does not understand the theory of roof strains.
When it was decided to repair and re-paint
the roof, I carefully considered the best means
for protecting the lives of the men at work,
and preventing any vpossible danger to pas.
sengers on the platforms. The materials pro-
vided were new, the stage was close boarded,
gailcloth was provided under the stage in
cagse any men should lose their footing, a
temporary corrugated coverimg was put over
the platforms, under that portion of the root
which was under repair, for the protection of the
passengers, aud a watchman was provided on the
platform in communication with a man on the
stage. This latter arrangement came into opera-
tion when the work was commenced, and it
would have continued throughout the whole work,
It was no doubt due to this that the deplorable
loss of life was not greater, ags the platform
watchman had the people cleared away. 1 do
not think tha® railway enginsers of the present
day would erect a roof of this character, because
it is so expensive to maintain, and the greater
cost far outweighs any advantage of clearing the
supports away ; and, if erected, it would have
duplicate tie-rods. We are repairing the roof at -
Victoria Station at the present time, and there
the rod has more than one member. As regards
Uharing Cross roof, the directors have decided to
remove it entirely, and for this purpose a staging
is now being erected. It will be replaced by a
ridge and furrow roof, supported by girders
extending from side wall to side wall with two
lines of intermediate supports erected on the
platforms. This will enable the present walls to
be considerably reduced in height and will do
away with the possibiliby of any side thrusts
upon them in future. Until the whole of the
old principals are removed the existing tie-rods
will be made quite safe by the additional help of
gteel wire ropes to supplement their strength.
There had been no wind in the vicinity of
Charing Cross of any force for fully a week
before the accident. About a fortnight previous
half a gale had been blowing for several hours.
There is no wind bracing in the roof structure,
The rvesistance of each wall (per 33§ ft. bay) to
overturning is, I calculate, equal to about 4%
tons applied horizontally at the bedstones. This
does not take into consideration the adhesion of
cement or mortar., The whole of the walls
could never be exposed to the force of the wind,
as they ave largely protected by the surrounding
buildings. The expansion arrangements do not
appear to have worked, and any expausion or
contraction of the roof must have been taken up
by the walls. I was not aware—until some time
after the accident—that the screwed ends of the
tie-rods were welded to the bars. It was only
after following the experimenis at Mesars.
Kirkaldy’s works that this was demonstrated.
As regards Cannon Street Station—although the
design is generally similar—there is a much
greater margin of strength. The walls are H)
per cent. thicker, and the truss members as much
gtronger than in the case of Charing Cross.

Mr. William George Kirkaldy states; I
received first the west end fracture of the tie«
bar, and afterwards also the east fracture with a
moving coupling attached. . I was asked to make
examination tests. First, I examined the bright
fractare. It had to me every appearance of a
weld, and of being defective in the centre parl.
There is a trace of cinder in the very centre of
the fracture. I felt that although it had all the
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dppearance of a weld I must keep an open mind
iud endeavour to prove conclusively that it was
s weld, There was, perhaps, I thought, some
other explanation ot it. The line of fracture is
#la blunt angle and that is one of the reagons
why I considered it likely to be a weld. I cat
OIF the bright fractured bar about an inch behind
the actual point of fracture, I then took a piece
off the stamp end that was left and treated it
With acid, This showed to me the method of
mannfacturing the bar. There were eight slabs
of iron piled one on top of the other. Thig
Constituted the bar itself. On the face of my
Ut nearest the fracture 1 found, after treating it
with acid, there wag a distarbance in the layers
of iron which made the bar, and it appeared as
i this was a continuation of the line of what I
considered was the weld. Thig disturbance was
net visible at cut No. 2, which simply showed
the marks due to the piling of the rod. The
disturbance shown on the cut nearest the fracture
sirengthened my idea that the fracture had taken
place actually at the weld, [ gtilt had to bear in
mind that although this was evidently a weld it
might not have been an intentional weld, I
thought that if it had been an intentional weld.
I should find traces of a similar weld at the
other end of the bar near the coupling ; on the
other hand, if it wag only a chance weld the
other end of the bar would not show any sign
of welding. The result of my first careful
“xamination of the exterior of the other end of the
bar was that 1 could find no sign of any weld,
Then I cut off ahout 20 inches of the bar, and
firned a portion of it in a lathe, After reducing
the dinmeter in the lathe considerably, I found
distinet traces of a weld, The result of thig
“Xamiuation in a lathe was to brove to me that
the bar was of set purpose welded at both ends,
I thought it was quite possible for the smith to
have set up both ends of the bar from the golid
for the screw ends, but having found welds at
both ends I thought it was clear that owing
W the length of the bar, about 18 feet, it was not
possible in those days to turn the bar in a lathe,
il that for that reason the screw ends were firgt
of all manufactured, and these ends then welded
on fo the bar. When 1 had an opportunity,
before making these tests, of seeing the iron
work that had fallen, T examined several of the
bars very carefully, but could find no signs of
any weld on any of them, and this was the
mason that, though I had made up my mind that
the actual fracture was at a weld, I was concerned
W find ont whether it was 3 chance weld or an
Intentional: one. T obtained from the engineer
of the company several additional bars with
Which to continue my investigations. In the
tise of the three Dbars that 1 examined, by
Srping off the rust down to the clean surface
of the metal, I found at one end only of each of
e burs traces of o weld, The marks were 1
leh 1o 1} inches in length and had the appear-
siee of a raised fibre on the surface. In no case
Wis there anything of a crack at the weld, I
Hiled altogether to get any trace of a weld at the
other end of each of these bars. I turned off a
portion of the metal in a lathe, and I then foand
the mark of a weld on the bright surface of the
el that was exposed by the tool, but .in no
fise wus there any visible crack or cavity. The
tesilt of the examinations that T made of these
bars clearly proved to me that they all had welda
# cach end. Pogsibly, therefore, it is a fair
Wference that all the other tie-bars in the roof
Were similarly manufactured, for until I had
Sxunined these other bars there wag always the
pussibility that the welds in this fractured bar
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were due to chance only. Looking at the west
fractured end of the bar, the clear crystalline
portion was solid at the time of fracture. This
bright metzllic surface was approximately the
upper side of the bar in position. I think, that
in addition to the bright surface, the remainder
of the discoloured surface round the circum-
ference was at some time or other also in contact
and adhering. I gather this from the fact thut
this discoloured portion has still a sharp grain
when touched, and in addition to this you can
8ee spots here and there on the circumference and
nearer the centre of a metallic brightness. The
actual centre of the bar has a different appearance
and has evidently never been in contact, Thig
portion is defined by the ash whics surrounds the
core, and the core itself has a smooth undulating
surface with a fire skin on it. The ir.n of which
the bar was made may be described as good
quality iron. T cut out two round iron test barg
from the bar that broke, about 6 inches behind
the fracture, and tested these for tension. These
two bars broke under an approximate tensile
stress of about 20'6 tons per square inch. The
contraction of area in each case was over 40 per
cent.  The solid portion of the bars had all the
character of new iron. There was no sign of any
deformation or deterioration due to fatigue. The
result of a number of measurements of the cir-
cumference of the bar that broke, showed that
44 inches would represent the mean diameter,
The waste due to rust or corrosion amounted
therefore to one-tenth of an inch on the mean
diameter. I made other tests of the metal 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 nearer the centre, where the welding was
less perfect, the tensile strength diminished,
until quite in the centre where the cavity existed
there was no tensile strength. 1 tested two other
tie-bars after reducing the areas in a lathe to
8 square inches, and found that the breaking
tensile strength of these two specimens, each of
which contained a weld, was 1115 and 12 tons
respectively on the square inch. In these two
cases there were similar pockets to thogse found in
the tie-bar which broke. Two other specimens,
also amounting to 8 square inches of the central
portion of the bar, broke at 14-1 and 17-3 tons per
square inch respectively. The fracture in these
cases was also through the weld. In these four
cases the metal that was turned off in the lathe to
reduce the area of the bar was in each instance
sound and good. I do not think any heat such as
would le necessary to burn off paint would have
any deteriorating 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 elean, it would have been impo.sible to
detect the bad faw when it was in position in the
roof. 1 could discover none of the places where
the rods had Leen welded in my laboratory until
some of the metal had been turned off in a lathe,
and then there was only the indication afforded
by the shadow on the metallic surface. I do not
think it would have been possible to discover the
bad weld in the fractured rod by tapying. If the
bars had been sent to me for examination and
general report I should have said they were in
excellent condition as regards welding. By thig
I mean I should not have known there were
welds in the bars. The efaminuation that I made
of the broken tie-bar, and of the others which
were subsequently received by me, was one that
it was quite impossible to have made in the roof,
Lam quite certain that if I had been called upon
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to examine this particular Lroken tie-rod before
it snapped, and as it was placed in the roof, 1
should not have been able to discover that thers
was anything to be suspicious of. I should not

have fouud any crack or opening on the surface,
The development of the Haw has occurred froms
the interior and not from the exterior.

Lvidence taken on the 16th Februuwry, 1906.

Sir John Wolfe Burry states : T was consulted
by the Managing Committee of the South Eastern
and Chatham Railway Companies about 24 hours
after the roof fell in, in conjunction with Sir
Benjamin Baker. I wasa pupil and agsistant to
Sir John Hawkshaw, and I was stationed on the
work, under the resident engineer, whose name
was Stanton, when the roof was being erected.
That was in 1863, or thereabouts. I saw the roof
put 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 metal was wrought malleable
iron. I went down to Messrs. Cochrane and
Company’s works, more as a visitor than anything
else, on April 13th, 1863. I kept notes of what ]
saw there. One of the principals was fully con-
structed-—1 cannot tell which, but my impression
ig that the station roof was erected from the river
towards the land, and therefore it would probably
be one of the earlier principals about to be erected.
Without stating it as a fact, I think it is reason-
ably probable that it must have been one of those
principals that was near the wind screen, and it
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 could be
measured, and it was supported laterally. Pig-
iron was applied at different points, particulars of
which appear in the diagram I have inmy book
here. Thst diagram was made in 1863. Looking
at the drawing in my note book 1 find that the
tie-rods have not the same dimensions as those of
the principal which fell. Starting from the wall,
the size is 411th, in the next bay 4%}, in the next
4%, in the next 45%th, and in the middle bay 4¢th.
The first test put on was 26 tons, distributed at
the various verticals. The deflections were then
taken with this load of 26 tons, which was in
addition to the weight of the principal itself. 1
have a note in my book that the approximate
weight of the truss was aboust 22 tons. The next
test was to increase the 26 tons to 50 tons, and all
the deflections were again taken, then the weight
was increased to 70 tons and all the deflections
taken, then to 90 tons, and afterwards to 105 tons,
all the deflections being taken each time. The
weight of 40 lbs. to the square foot of superficial
area carried by the principal would be equal to a
total of 125 tons. After these tests had been
made the load was all removed, and 10 tons was
suspended between the centre and one eund, and
521 tons distributed on the other half of the span
and the deflections taken. Next, the load was
wholly removed with the exception of 50 tons
and the deflections again taken, and afterwards
the whole of the load was removed and the
deflections taken again. The greatest permanent
get appears to have been at the centre of the arch,
and amounted to ‘74 of an inch, and the 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 during the visit
I have referred to, the total load of 40 lbs. per
superticial foot appears to have been taken into
account in the desizn of the roof ; this would bs
inclusive of the weight of the girder itself. At
the time the rod broke it now appears thab thers

was about 65 per cent. of this test load of 127 tons
on the principal. [ was present when the west
end of the broken tie-rod was uncovered after the
collapse. 1 was one of the first who saw it,
There cannot be the slightest doubt, I think, that
there was a most important flaw in that rod
where the fracture occurred. The exact dimen-
sions I dare say you already have, but my
impression is that the flaw extended over some-
thing like two-thirds of the area of the section of
metal. Roughly speaking, about 5 or 6 square
inches of metal would be doing work at the time
the rod broke. In addition to the large bright
area of the fracture, there were one or two small
islands, as it were, of bright metal, where the
adherence had only just been broken, and there
were algo similar places in the circumference. 1
do not think there was likely to be any sign of a
fracture on the outside of the tie-rod. The mere
fact of the existence of those islands  shows
indubitably that the fractured surfaces must have
been adhering more or less all round the circum-
ference. It was not a gaping wound. The metal
was held together where the larger amount of
bright metal was, and also where the islands
were, so I do not think there was any reasonable
probability that anything was showing on the
exterior. I do not think that anything would
have been seen on the outside even if the iron
had been scraped and got ready for re-painting.
In my opinion this large flaw could not have been
discovered by sound or the hammer. The contact
was evidently very close indeed. 1 have no
knowledge of the means used in ironworks for
testing welds of this size, as 1 have mot come
across them in my practice. I am confident a
great deal of care was taken with this roof when -
it was erected. The contractors were at that
time supposed to be at the very head of their
business. They had put up some of the largest
roofs that had been erected. For instance, the
big roof at New Street Station, Birmingham, was
built by them. The quality of Lord Dudley’s
iron, too, was supposed to be as good as could
he got for this sort of purpose. I cannot
help thinking that the flaw must have grown.
Tt is obvious, I think, by the look of the
section that the metal always had a very con-
siderable tlaw in it. I do not think that contact
was ever made in the centre of the weld. |
think that growth of a flaw like this must occur
when yon get a severe strain on the rod. You
then have a condition of things where '3
gradual growth of a flaw could continue, and in
this particular instance the part of the metal
which was adhering must have been exposed {oa
very severe strain. In the most ordinary ¢on-
ditions of wind, this particular rod must have
been exposed to very high strains indeed on the
part that was adhering, and it must be remembered
that theve was a gale of wind, which was quite
remarkable, within ten days of this accident. It
is such a large flaw that I should hardly think it
could at first have been so bad as it turned out. {o
be, but it is very difficult to form an opinion after
a flaw has been extending forsome years, because
you getsome discolouration from steam or moisture,
It was more likely to have grown from the centre
oubwards. I think there can be no doubt that
originally the worst place was in the centre, "I
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4o not think that more frequent painting of the
burs would have prevented the growth of a tlaw
of this deseription. 1 do not see how more
frequent painting conld have reduced the tendency
of the flaw to increase. The tendency to increase
Was due fo very heavy and abnormal strains on
the portion of the metal actually adhering. I do
1ot think any protection from the steam or fumes
coming from locomotives standing under the roof
would have decreased the liability of this faw to
enlarge,  Unfortunately, alinost everybody is dead
Who had anything to do with the putting up of
the roof. It has been proved that the flaw
seewrred  at a weld, and it appears from
Mr. Kirkaldy's experiments that welds existed at
vach end of the tie-rod. The design of the roof
Was in accordance with the best ideas of engineers
i those days. I see no objection to the design
of 4 contained arch at the present time, but there
would be many alterations in details. 1 do not
see any objection to a roof standing on a wall of
the thickness of these at Charing Cross, except
for u sileways pressure of wind. The walls
appear to have been strong enough for all vertical
weight, ‘and they were not designed to carry
anything but vertical weight. I remember an
instance that arose after the roof was erected
recarding wind pressare., The tank house at the
south-east end of the station, where there are
huttresses, was erected not only with the idea of
providing a tank house, but with the intention of
strengthening the walls against south-west winds.
The fixed end of the principal was at the east
side, and the south-east winds not being so strong
a8 those from the gouth-west, it was not thought
necessary to buttress the south-west wall in the
sime manper. It must also be remembered that
Wi those days there were no high buildings
sirrounding the station as there are at the present
fime, Nowadays, one would not design a voof
of this size with single bars which had been
welded. In the present methods of mannfacture
1o not think that welds would be used at all.
As 1o the removal of the roof, we agreed that
under all the eircumstances it would be better to
replace it by another, but the circumstances were
not all connected with this accident, Other con-
siderations, which weighed very much in my
opinion, are that the whole roof is nearly 50 years
old, and that repairs to it would become more and
more serions as time goes on from natural
corrosion, and so on. Further, my opinion was
that it was only a question of time when this roof
must come down from another reagson which had
heen before the Board of Directors, from my own
knowledge, for 10 or 15 years—that is, the enlarge-
lent of the station. When that takes place the
rof would be in the way; it would interfere
with the utilisation of the area, and generally it
would be a perfect nuisance in the case of the
slargement of the station. Taking all these
things into -consideration, and not neglecting
altogether the question of this accident, it seemed
10 me that the wiser course would be to pull the
mof down. It would have been quite possible to
huve strengthened the ties in some manner if we
had thought that there were no other reasons for
tiking tho roof down. I carefully examined the
plers of the viaduct after the accident, and I eonld
notdetect the slightest evidence of any subsidence.
Thersfore, I think the questior of subsidence
may be entirely put on one side. As for defor-
mation under ordinary strain, 1 think it is quite
unnecessary to look for such an explanation of
the collapse when we have a cause which is
snply sufficient to acconunt for the fall of the roof.
1o not believe that it the bar had been inspected
U8 often as once a week it would have been
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possible to find out that the weld was in a
dangerous condition. The value of a weld in a
bar of this deseription depends entirely upon 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 were tested before they were placed in
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 Sireet, Birmingham, some two years before.
Mr. Phillips, in 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 it only reasonable to suppose that the same
practice wag adopted in reference to the tie-bars
in the Charing Cross roof.

Sir Benjamin Baker states: T watched the
erection of the Charing Cross roof as a young
engineer interested in iron work and stresses, and
I made calculations of the stresses. At the
time, I wag designing a contained arch roof for
the Victoria Station, not the one which is now
standing, but one that was contemplated atthattime
with a very much larger span. I was aware then
that the Charing Cross roof was calculated for a
load of 40 1bs. to the square foot; which was the
basis for caleulation taken by architects, I daresay
90 years before, in dealing with timber roofs.
This figure included wind, snow, and the weight of
the structure. The round figure of 40 1bs. was
first fixed by Teltord nearly a hundred years
ago. 1 was aware that with the estimated load
of 40 1bs. to the square foot, including the weight
of the structure, the stresses (under that occa-
sional and exceptional load) would fall within the
limit of elasticity of the iron—that is, at the cost
of no permanent deformation from stretching.
That would not be good enough according to
present practice, but in those days it was con-
sidered that, provided you did not have
permaunent deformation, the application of such
a load as 40 lbs. to the square foot would be the
gort of thing that would happen once perhaps in
20 years. It is different now. 1If you have iron-
work subject to very rapid and repeated
application of this load of course the thing
would go to pieces under stress of this intensity
in a few days. The Charing Cross roof was
modelled in every respect upon the lines of the
Birmingham roof, which three or four years
previously had been submitted 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 any-
thing wrong about the design either as regards
principals or intensity of stress. It was known
perfectly well that a stress of Y tons per square
inch might come upon the tie bars in a hurricane,
or gomething equivalent to that. I do not think
it ever has. In 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 University
boat race was on, was crowded with thousands of
the public, and when they were on it the stress on
the welded 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 down I bought a guantity of
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 thoy -were sub-
jected to that high stress they had not in the
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least deteriorated as regards the quality of the
metal. Ag to the quality of the metal, there is
" nothing in this to account for the failure of
the tie-bar. I was consulted by telephone when
the accident happened, and 1 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 from an invisible flaw which
existed in the bar from the beginning. I saw the
two ends of the broken tierod. Theyshowed the
characterigtic fracture of a welded bar which had
had what is technically known as a pocket in the
weld., I have seen hundreds of broken welded
bars, and you can easily understand that
when a flaw is in a bar, and the bar has passed
investigation, it follows that the flaw must be
invisible——that is, that it is in the centre of the
bar. In making a scarf weld, such as this was,
you have to be very careful to heat the iron to the
proper heat, and not to overheat it, and then you
have to get it in contact and hammer at it before
the atmosphere hag 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 it from the atmos-
phere. That is a difficult thing to do. The
larger the bar the more difficult it is to get it
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
all round. There is no difficulty in making a
weld at the exterior because the blacksmith can
gee what he is doing 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 ag the outside is concerned, and the
way of finding out whether it ig sound in the
ingide is by testing it under quiet conditions.
If that is done, when the stress is put on, yon
hear a little noise sometimes. That noise is a
gignification to you that there is an extension of
gome internal flaw, That is the only way I know
of detecting an internal flaw, At the Arsenal,
where there are very heavy forgings, 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
it is just about as much good as the use of the
divining rod for water. It is tried in some works,
but I do not think anybody believes in it. I
have heard snaps from forgings when in 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 extension of the flaw, such as it
was, was from the interior towards the circum-
ference, and directly it got to the circumference,
the bar would snap and down would come the
roof. You must not assume that becaure there
was one third of the sectional area left there was
one third of the strength. Looking at the bar, I
ghould say it would 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 metallic union whatever. Surrounding this
pocket there would be a neutral zone of metal
and dirt. Round the circumference of the bar
there would be perfectly sound metallic contact.
My experience is that in welded bars that ig the
normal condition leading to fracture. I knew

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
bridge. 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.
It would be a test of nine tons to the square inch,
I have looked into Mr. Phillips’ note books, but
I have failed to find anything about the testing
of the Charing Cross roof. I am not astonished
at that because it goes without saying that as he
had done it before he would not think of men.
tioning it again. It is a very simple process to:
carry out this testing. In the case of cables, the
Government test is nine tong to the square inch,
Jadging from what was done by the same men at.
Birmingham, I have no doubt that every possible
precaution was taken for testing the Charing
Cross roof. If this be the case, it is absolutely
clear that the flaw must have increased in size
from the time it was put up, or it would not have
stood anything like nine tons to the gquare inch,
which would have amounted to a total pull of 144
tons. 1 might say that we should not weld hars
of this size nowadays. They would 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
geientific sense there is an infinite strain in the,
molecules at the bottom of the crack, The ma.
terial is net, luckily, perfect, and so there i3 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 in the way of settle. .
ment of the walls, or the effects of fumes or
oxidation, that was likely to have brought abouf .
this increase in the flaw. As regards settlement,
this would first of all cause the cracking of the.
viadact, becanse the roof rests on the walls and
the walls on the viaduct. The viaduct shows no
eracks such as would be caused by settlement.
If the viaduct were cracked, it would put an extra,
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 have broken the tie,
but that the tie would have held on to the wall
and prevented it from tilting. It is like breaking
anything with a fishing rod—like throwing a man
down with a fishing rod. In this case all you-
would do would be to bend the rod, and all you
would do here would be to bend the wall. Wa.
know, as a matter of fact, 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 practice that it was still eagier 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 sign
whatever of that, because the sequence of the
accident was as 1 have said, the graduval exten-
sion of the internal pocket until it met the out-
side. The outside skin remained perfectly gound
till the last moment, but the instant that the fault
got through the skin you would get more than
double the average stress on the sound metal,
and then the whole thing would go off with u
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sound like a pistol shot and the roof fall down,
Llave no deubt that the circumference of the
bar was hermetically sealed, not with pure iron,
but with iron and slag. The absence of paint and
s0 on would not affect the liability of the flaw to
inerease 3 rosting will not start a crack. Rusting
of 4 welded bar starts, not an initial crack, but a
ridge—just the reverse. It does not weaken the
bur, bnt it causes a ridge to be visible where the
weld is.  There was no practical way by which
this flaw could be detected in the roof. I antici-
pated considerable difficulty in finding it in Mr.
Kirkaldy’s laboratory. T told him to cut off the
edds of the bars, to put them in a lathe and turn
them, and to tell his men to watch carefully the
shavings as they came off, because I have detected
flaws, which were practically invisible, in that
way. I told him to instruct his men if they saw
4 shaving break off at a particular part of the bar
0 make a chalk mark, and when the bar came
round again to see if the shaving broke at the
sime place. It it should do so repeatedly, and
you treat it with acid, you can then find the
witial flaw. It was perfectly hopeless to think
of discovering the flaw while the bar was in the
roof, It was exceedingly difficult to find it even
in the laboratory. I do not know of any other
fallures of bars of this description in a roof, but
Lknow of any number of failures the same as
this in other works, such as draw-bars of roiling
slock. Having seen this failure, the general con-
elusion 1 eome to with regard to tie-rods made up
i this way is this—1 should not trust a roof
Which was dependent upon a tie-bar of that size
unless the walls were of such dimensions that,
sipposing one of the tie-bars hroke, the adjoining
principals and the wall combined would have
suflicient strength to hold the whole thing up as
au arch without a tie. In the present case,
ulthongh the walls are weak, regarded as abut-
ments to the arch, yet in conjunction with the
two adjoining principals this thin wall held up
the roof for about twenty minutes after the tie

rod broke. That shows that if it had beem a
little Dit stronger, it would have 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,
it they complied with that other condition. I
should like to see a roof painted every two or
three years so far as appearance go, but to do so
would not have affected such a flaw as this in the
least. It i3 more an aesthetic than a practical
matter. This roof had not deteriorated to any
material 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 the time that this had
done, one would not suggest undertaking an ex-
amination fora fracture in a tie rod—at least you
would not unless you were an impostor. If you
were told to set out to examine it for that purpose
you 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 elastic limit, no matter
how many years they have had to endure them.
With all the defects of the design, you could
make this roof safe for a few hundreds of pounds,
That could be done by the use of wire hawsers
hetween the principals, and by strengthening a
little some of the other connections, but [ strongly
advised the Board of Directors to face the ques-
tion at once of replacing the roof in their own
interests, and in that of the public, who would be
always suspicious of the roof afler this accident.
I advised the Board of Directors to put up a low
roof so designed that the station could be widened
without any interference. They have decided to
do that, and the design is now practically finished.
I have seen the stress diagrams handed in by the

.Company’s engineer, and have gone into them,

and I confirm Mr. Tempest's calculations,

Conclusion.

The evidence in this case is I think, conclusive

’

on the cause of the accident, and

there are no material points of conflict to deal with.
[n December, 1902, a special examination of the roofs of Charing Cross and Cannon
Strect Stations was made to determine the necessity for any repair work. The result of

this examination (evidence of Messrs. Tempest and Ellson) was to

show that the general

eondition of the ironwork in the Charing” Cross roof was good, and that no immediate

repairs were required. The last
generally overhauled was in 1898,
the Cannon Street roof had been
('rti.'-.'i,

occasion on which this roof had been painted and
In June, 1905, after the cleaning and repair work of
completed, similar work was put in hand at Charing

[n accordance with former practice, timber staces were slune under the entire surface
p ) fo te]

of the south end bay of the root. Each
length, by from 12} to 20 feet in width.

stage, in two portions, measured 35 feet in
They were suspended by hanging irons from

the roof purlins, and formed a series of platforms, at different levels, extending from wall
W wall, Sail cloths were provided under the staging, which was close-boarded, as a

protection for the workmen ;

and a temporary corrugated iron covering was erected over
the platforms for the protection of passengers.
station platforms to communicate with the men on the staging.

A watchman was also appointed on the
The work carried out

onsisted of cleaning and repainting all the ironwork, repairing the glass and zine
evering, and renewing certain of the sashbars, and lattice girders, which stiffen the roof
puriins. It is clearly established that the ironwork in the principals and purlins was in

1o way interfered with or removed.
The greater part of the work on the
and about the middle of November the

south end bay of the root had beeu completed,
first movement of the staging northward was

elicted. At the time of the collapse, half the length of the staging extended on either
side of the principal nearest to the wind screen, which was thus loaded with extra weight
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" dué to staging, men, necessary materials, ete. In addition, there appears to have heen
stacked outside on the crown of the roof zinc sheets and glass, which are estimated to have
weighed about a ton.

After making all allowances for glass, &c., which had been removed, the total extra
weight brought on the roof appears to have been ubout 32 tons, and it is calculated that
of this total, the proportion carried directly by the first principal, which was the one to
fail, was sbout 174 tons. This represents about 5 lhs per square foot of roof area
supported by this principal. : j

On the 5th December, the repair gang of about 20 men were variously engaged in
burning off’ paint, scraping and cleaning ironwork, repainting, &ec., when about 3.33 p.m. |
a loud and unusual noise was heard in the roof. This time, [ think, is best fixed by the
evidence of Inspectors Stone and Lowes and Police Qonstable Fitt. The noise was
audible enough to attract the attention, not only of the workmen on the roof, and of many
persons in the station, hut also of men engaged on the adjoining roof of the Avenue
Theatre, and of others occupying rooms at the back of houses in Northumberland Avenue,
It is variously described as resembling the sharp report of a gun, the dull crash of a
locomotive striking buffer stops, the slower rending sound of iron rivets tearing apavt, and
the clash of a falling weight on iron sheeting.

People outside the station (Messrs. Maskell, Bacon, Lane, and Collings) describe -
how, after this unusual noise, they saw the outside surface of the station roof, about 30 to
40 feet from the south end (i.c.. over the first principal) suddenly sag or sink inwards,
and then appear to remain in that condition. Workmen were observed to hurriedly
climb off the stages on to the exterior of the roof, and then run away in different
directions. Some of them shortly afterwards returned, and were occupied first on the
stagiiig, and then in removing material from the crown cf the roof. Cracks were seen to
form in the west wall of the station between its southern end and the third pilaster. The
second pilaster, which carried the first principal, was seen to be leaning outwards, and

_bulging. The mortar crambled at the joiuts, the wall overturned and fell outwards on to
the roof of the Avenue Theatve. The end screen was dragged down afterwards and fell
northwards, bringing down more of the west wall with it.

On the roof of the station some of the workmen on the stages appear to have
recognised the first loud noise as proceeding from beneath them. They were alarmed by
the stages suddenly sinking under them, and clambered out on to the roof to seek a safer
position, Some of these men were met by their foreman Stirling, who had also heard the
noise in his office, on the rool of the tank house at the south-east corner of the station.
In answer to his question, they replied that something was wrong as the stages were
sinking. They did not tell him that the tie rod had broken, though some of them from
Foster’s evidence must have seen this. Stirling called the men back, ran up the 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 particular stage happened to be the easiest to get
on to. He found that one of the diagonal braces in that panel was broken. The broken
ends were then 13 inches apart. He shouted to the watchman on the station platform
below him to stand clear of the staging. With the help of his men, the broken ends of
the brace were lashed to the roof purlins, to prevent the possibility of their breaking away -
and falling. Stirling then set his men to work to lighten the weight on the roof, by
removing the loose zinc sheets that had been stacked on the crown. Whilst engaged in
this work the two end bays of the roof suddenly fell in. All this time neither
he nor his men appear to have recognised that 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 very gradually.

Numerous witnesses stationed on the station platforms looked upwards when the first
loud noise was heard, and describe that they saw one of the main tie rods under the
staging on the western side was broken, and hanging downwards. The depression in the
roof surface, noticed by persons outside the station, was visible from No. 6 platform
(evidence of Inspector Stone), but not from Nos. 1 and 2 platforms immediately under
the broken rod. Nove of these witnesses recognized the extent of the impending disaster.
Steps were, however, taken to keep people away from Nos. 1 and 2 platforms, and action
was taken by the watchman and others to stop trains from entering these platform roads,
But down trains left Nos. 2 and 6 platforms at 3.35 and 3.39 p.m. respectively, and two
up trains arrived at No. 6 platform at 3.34 and 3.39 p.m.  About 3.45 p.m. a second loud
rumbling noise was heard by these witnesses, followed by the fall of the two complete
end bays of the roof. Signalman Bunn describes how he saw the wind screen fall over
northwards, after the roof collapsed.
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. Owing to the great mass and weight of the falling débris, and to the necessity for
safeguarding the remainder of the roof, it was not unti] mid-day on the 9th December
that it was found possible (evidence of Tnspector Chaplin) to trace the tic rodding of the
fallen principal throughout its length. Tt was then found to be broken at one point only,
Viz., in the third panel trom the west, about 13 inches from the third coupling joint,

The evidence proves beyond a doubt that the snapping of this particular tie-rod
Was the immediate cause of g that followed. The west wall, without the support of
arched buttressing (asx in the case of the east wall), yielded eventually to the severe
thrust from the loosened bow of the first principal.  But the time occupied—12 minutes—
shows that not only did the wall offer great resistance to tearing apart, but that much work
had to be accomplished in breaking away from the hold exercised on the erippled principal
by the lines of purlins, which were stiffened by intermediate lattice girders, and in over-
coming the resistance to distortion of the main 1ib itself,

~Turning now to the hroken fie-rod, the eastern end in falling buried itself like a
bayonet two feet in the ground.  This end was unearthed on the Tth December, but the
fractured surface was already rusted and corroded, and told no tale. The western end
fell on the timbering of No. "2 platform, and was covered with corrugated sheeting and
fallen débris. Tt was thus fortunately preserved from the effects of damp and dirt. |
s it within a few minutes of the time it was uncovered on the 9th December. The
surface of the fracture was then as clean and fresh as could be desired. The appearance
was typical of a fracture at a badly formed weld. From the sketches (Plate IL.) attached,
it will be seen that approximately two thirds of the line of fracture is at an angle of about
6% with the axis of the bar, whilst the uppermost third is vertical. The surface of the
tracture may be divided for the purposes of description into three parts (vide sketch). A
belt A about an inch in width (along the vertical line of fracture) extends round the
upper and northern half of the circumference of the har i over this area the fracture had
the bright crystalline appearance of iron suddenly torn apart. In the centre of the bay
“an be seen a flaw or pocket B with o smooth fire-skin surface, surrounded by fragments
of dark coloured ash : this area i roughly ecircular in shape with a diameter of
I§ t0 2 inches. The third portion C, mainly consisting of a belt 11 to 2 inches in width
round the lower and southern half of the circumference, was generally discoloured and
corroded, with o Spongy appearance common in ill-formed welds, but here and there smal]
spots and pin-points, especially round the circumference, of clear crystalline appearance,
showed signs of freshly fractured metal.

As set forth in the evidence given by Sir John Wolfe Barry, Sir Benjamin Baker,
and Mr. Kirkaldy, there can be ng doubt that the fracture occurred at a weld in the bar ;
that the core of the har B had never united, and had never possessed any value to resist
tension ; that the surfaces of the area C had united, probably indifferently, except in the
immediate neighbourhood of the circumference ; and that the flaw, which originated in
ventral pocket B, had gradually extended outwards over the area C under the severe
tensional stress to which (owing to the want of union in the centre) the bar had been so
lng subjected. The isolated bright spots and specks over the area C show that
mmediately before the bar snapped there was good metallic contact at these various points,
as well as over the whole area A.

The total area of metal which was doing work, in resisting tension, at the moment
when the bar broke may be roughly estimated at about one third of the whole area, or
ffom 5 to 6 square inches. The total calculated stress (see table of stresses in Appendix),
i tension was 815 tons, or from 13 to 16 tons per square inch of available metal. Takin
mto consideration the eccentric position of the bulk of the available area A, it will be
sdmitted that so high a stress would be certain to cause rupture the moment the thread.
ke points of contact in the area € parted,.

The normal stress in tension, due to weight of roof only, on this bar was about
81% tons.  The additional stress brought to bear by weight of staging, &e., necessary for
repair work, was thus 20 tons, or nearly 30 per cent. more, The bar was subjected to
this greatly enhanced stress for three weeks continuously before it failed ; and prior to -
the middle of November had for four months been undergoing a stress 15 to 20 per cent.
greater than would be due to weight of roof only. Tt is clear, theretore, T think, that the
snmediate cause of failure was the additional weight Lecessarily imposed on the principal
I connection with the repair work, and it is reasonable to suppose that the failure would
w0t have occurred at the moment it did, if the tie-bar had been subjected to stress from
weight of roof only. It is equally clear that the weight of staging, &e., merely aceelerated
the failure, which, judging from the appearance of the fracture, was bound %o occur at a
fmparatively early date. That the flaw Was growing is plain from the fact that the bar
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successfally withstood equally high stress imposed for a long period in the year 1898,
when staging of similar weight'was used for repainting work. i

Sir John Wolfe Barry and Sir Benjamin Baker state in their evidence that it is
probable, judging from the procedure taken in the case of the New Street Station roof,
Birmingham—the prototype of the Charing Cross Station roof—that the tie-bars were
hydraulically tested before erection with a stress of 9 tons to the square inch (=144 tons
on this particular bar), and that every examination and test of the ironwork was made,
which the skill and care of engineers at that time could devise. Notwithstanding, the
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 existence,
and growing in size until it caused a failure has never before been recognized. This is
the first known case of a tie-bar in a contained arch breaking under a reasonable stress.
Tt would not, I think, have occurred to any engineer to make any special examination to
discover the possible existence of such a flaw. Periodical examinations would be made to
determine the extent of general repair work necessary. At such periods the visible
weakening or loss of metal due to rust or corrosion could be gauged, the condition of the
bolts and fastenings determined, and necessary action could be afterwards taken to clean
and repaint ironwork, renew bars that were much decayed, and replace fastenings. But,
as given in evidence, no practical method exists of detecting an interior flaw in a bar of
this size under high tension, unless some sort of fissure in the outer surface was apparent.
No apparent fissure could, I think, exist under such stress without the bar snapping
immediately. The evidence of Mr. Kirkaldy, on the difficulty he experienced in his
works of discovering and proving the existence of welds at both ends of these tie-bars,
shows that the welding on the surface of the bars was very well executed.

I have not neglected to consider the possibility of other causes which might wholly
or in part have occasioned the failure of the roof. 1 propose now to deal with the
principal theories which have been suggested.

(a.) Reduction of strength by rust or corrosion, consequent upon want of maintenance.
The tie-rod that broke had originally a diameter of 4} inches, and a sectional area

i

therefore of 159 square inches. Most of the paint which was laid on in 1898 had

perished, and the surface of the bar was pitted considerably by rust. But from careful
measurements (made by Mr. Kirkaldy) the mean diameter of the bar after fracture was
found to be 44 inches (area =152 square inches), so that the actual loss of metal
amounted to 44 per cent of the original area. This is an insignificant loss, and cannot be
held accountable for the tailure.

(b.) Fatigue of material, due to long continued stress, or vibration set up by the..

motion of trains, &c. There is no evidence to prove this, but rather the reverse. The

test pieces cut out of the bar by Mr. Kirkaldy, close to the fracture, broke under a

tensional stress of 20°6 tons per square inch, and showed a contraction of area equal to
40 per cent. The iron had the appearance and character of new metal. '
(¢.) Wind pressure. The afternoon of the 5th December was calm and still.  The

fact that, a fortnight previous to the failure, when the full weight of the staging was |
imposed on the principal, there was half a gale of wind blowing and that failure did not
then result, goes to prove that the effect of the wind on a root of this shape, sheltered by -

high walls, is very much smaller than has been generally estimated.

(d.) Disturbance of foundations, due to excavations in connection with the tubes of .
the Baker Street and Waterloo Railway. These tubes are nearest to the west wall of

Charing Cross Station in Northumberland Avenue at the junction of Whitehall  Place,

The eastern tube is about 125 feet horizontally from the station wall. The extrados of
this tube (11 feet 8} inches in diameter) is 56 feet below the ground level, and 10 feet:

below the upper surface of the London clay. Any disturbance due to the excavation for
these tubes would in the first place have affected the station viaduct, which carries the
walls of the station. It would at once have shown itself in visible cracks in the arching
of the viaduct. No such cracks have appeared since 1900, when the tubes at this point
were constructed. No subsidence either has been experienced in the walls of the Avenue
Theatre, which lies directly between the station and the tubes. There is, therefore,
nothing to support this theory. :

(e.) Absence of buttressing to the west wall of the station. The design of the roof,
as has been stated m the description, was that of a contained arch. So long, therefore, ag
there was no failure in any integral part of the design, vertical pressure alone was brought
to bear on the walls supporting the roof. That they were strong enough to stand this
vertical pressure is, I think, proved by the fact that they carried the roof for so many
vears. Sir John Wolfe Barry states in his evidence that the buttressing to the east wall
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wis decided upon after the roof had been erected, as a safeguard to the possible effect of
wind pressure from south-westerly gales upon the western wall, which was at that time
much more exposed than in the present day. From the point of design, at the time the
rool was constructed, it cannot he said that buttressing was necessary, nor in fact would
such buttressing have prevented this particular tie-bar from failing in the way it did.

I come to the conclusion, therefore, that the fall of the roof was brought about by the
breaking of the tie-rod in the third panel from the west of the main principal nearest to
the wind-screen.  The fracture occurred at o weld, by reason of a flaw in the welding.
This flaw, commencing in the heart of the bar, had gradually extended outwards. The
additional weight of the temporary staging was the immediate cause of failure, but as the
ttal stress in tension, at the time of failure, on the whole sectional area of the bar did not
exceed 513 tons per square inch, I find that, for the hecessary purposes of repair, suck a
SITess was not in any way unreasonable, and could not be anticipated to cause danger of
failure.  Lastly, I do not consider that any reasonable precautions were neglected by the
engineer or his staft in charge of the roof, or that it was possible by any practicable
method to have discovered the flaw in the tie-bar,

The particular lessons to be learnt from this sad accident are as follows :— -

I. That in old iron roofs of similar design, more especially where welded bars
of any size have been used, there is danger to be guarded against of concealed flaws,
which may grow in size under continned tensional stress, although in itself that
stress may not be exceptional.

2. That unless additional security be atforded by the duplication or strengthening
of the main tensional members there i possible risk of failure.

3. That where such risk of failure exists, it is necessary to consider whether the
walls supporting the roof are in themselves sufficiently strong to resist the thrust

- which such failure will bring on them, and if not to strengthen them.

- As regards Charing Cross, the Company have decided to remove the whole of
the old station roof, and to replace it by one of the ridge and farrow type, on a lower
level, with intermediate supports on the platforms. This work is proceeding, and in the
meantime steps have been taken to relieve the tension on the tie-bars of all the remaining
principals by taking up some of the strain with wire hawsers,

_ Before closing this report, 1 wish to draw attention to the work carried out by the
engineering staff of the railway during the days immediately following the collapse Of the
toof.  The falling ironwork struck and broke the tie-bar of the second panel fromn the east
wall of the second main principal, and caused the tie-rodding to break away from the first
and second coupling-joints. The threo castern panels of this truss were thus left
unsupported by ties. The western wall was also forced out of the vertical by the thrust
developed by this principal, which was left standing.  The condition of affairs was highly
dangerous, and a further collapse of the roof might have oceurred at any moment. Wire
hawsers were fixed to the feet of the second, third, and fourth principals, and the tension
relieved by taking the strain with crabs, A raker was fixed against the west wall, and
all the glass stripped off the roof between the second and third principals. Heavily
strutted wooden towers were eventually erected to take the weight of the second principal.
These works were carried out by night and day, under very considerable risk to life and
limb, by the engineering staff of the railway.  Their efforts, which had the happy result
of rendering the remainder of the roof safe, call for special mention.

I have, &c.,
J. W. Prinere,
‘ Major,
The Assistant Secretary,
Railway Department, Board of Trade.

25362 Q2
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APPENDIX.

TABLE OF CALCULATED STRESSES,

Members of |

Truss,

(Seo letrering | Total
on Plate L) | Sectional

Main Rib

Verticals,

Tie bars.

Diagonals,

Area

in
1. inches,

o] BT

[AF

BG .. 3575
o h) 3375
DL .. | 887
BN 3375
{FG .. w7
[GJ .. 675
JL 7h
Lo .. 675
G H .. 300
JK .. B0
LM .. H$on
NO .. - 3w
[(EF e 1963
HQ ..! 1752
K R"... 15.590
M8 .. 150003
0T ... 148

Rool Principal tested at Con-
fractor's works helore erection
(not that which failed).

Roof Prineipal which failed.

Stresses from weight | Stresses from weight Stresses [rom
of roof only, nnder | of roof and staging | paeql | [distributed test lowd
normal conditions, at time of failure. |Sectional of 127 tons,
| o - s Area .
Total Per | Per L inches] Total Py
ll:'n’; i #). ineh, | t::r: si]. inel, P TOON A t.:ns | #q. inch,
2 tons, o tons, i : tons, |

+ 775 4 230 41015 + 301 27 44 . +- 1560 1 + a7
+75 0 4212 4 030 | o4 282 2700 | 4 1450 + 520
-+ B8O + 205 4 W0 + 276 2T 120 0 4507
+ 875 + 200 4 w20 20 274 4+ 1410 + 500
+ 65 + 107 4 910 4+ 270 2741 + 1390 I o

— BT — 1 = 110 — L6l Gy — 170 — 252
— 12 — 062 | — 5 — 7Y G — T | =N
|
— 12 —0%2 | — @3 0Ty 673 | = 75 | =mm
— o7 —85 | — 5 o QB 675 — 110 — 163
— bl — 2 | —  Wh — B B0 — 130 | =500
— o2 — 173 = 72 — 240 S0 L — 150 | — 433
-— 50 S — 5 L A —_ N " - 2466
= S —_— — R —_ _—
— filrd — 307 — T e 402 172 — 1210 — 688 i
— 570 — 321 — o — 423 s — 11k ‘l — fisn
i
— 0I5 — N7 — Al — gl 150 — 1243 =T
— 648 —431 | — 860 | —572 | 1509 | —1985 | —ess |
i

— 5 — 4 6Y — EEH — 624 418 — 10 |, <980

Hemarks,

¥ Ifnilure ocenrred

in this bar, The
aren available to
resist tension was
about 6 sq. inches
only (see PLIL).

Printed copies of the above Report were gent to the Company on the 13th Juue.
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