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TAY BRIDGE.

REPORT.

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

Sir, London, 30th June, 1880.

Preliminary Remarks.

(1.) For reasons, into which it is not necessary to enter, I have thought it better to
send in my own separate Report, instead of joining in a Report with my colleagues.

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

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

Cowrse of the Inquiry.

(4.) Havine been directed by an order dated the 3lst Docomber last, to hold a
formal investigation, under the provisions of the *Regulation of Railways Act, 1871,”
“ into the causes of and the circumstances attending an accident, which took place
“ on the railway bridge crossing the Firth of Tay, on the North British Railway on
“ the twenty-eighth” of that month, we deemed it expedient to proceed at once to
Dundee, for the purpose of making a personal inspection of the bridge, and at the
same {ime of examining, whilst the facts were still fresh in their memories, any
witnesses, who might be able to speak to the occurrences.

(6.) Accordingly, on the 3rd day of January last the Inquiry was opened in the Frst
Assize Court at Dundee, which had been kindly placed at our disposal, Mr. Trayner eraminations
appearing for the Board of Trade, and Mr. Balfour for the North British Railway o Pundee.
Company. On that day, and on the following Monday and Tuesday, a number of
witnesses were examined, chiefly in regard to the * circumstances attending ” the
casualty ; when finding that there were no more witnesses, whom the parties were then
in a position to call before us, we adjourned the further hearing to allow time to
collect full information as to the past and present condition of the structure, without
which it seemed to us impossible to prosecute our inquiry into the ¢ causes,” which
had contributed to the accident.

(6.) With a view to obtain this information, we appointed Mr. Henry Law, a member Steps taken
of the Institution of Civil Engincers, with directions to make a careful inspection of ¢o get infor-
the whole of the structure, and to report to us fully thereon, and as to the probable ™o
causes of the casualty. We also directed him to select specimens of the wrought
and cast iron, and to forward them to Mr. Kirkaldy for the purpose of being tested
at his establishment at Southwark. We also called upon the railway company to
furnish us with detailed information of the weight, strength, and dimensions of
different parts of the structure, of the forces which would be required to overthrow it,
and of the causes to which, in their opinion, the fall of the bridge was due. Photo-
graphs also were ordered to be taken of the fallen piers and girders, as well as of the
remains of the engine and carriages, when they should have been recovered from

the bottom of the river.
(7.) Whilst waiting for this information, we were told that there were a number of f;f:;;fmom
witnesses at or near Dundee, who could give very important evidence as to the con- 4 pynudee.
Q 2066.
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i d to Dundee, and from
it i the accident. We therefore returne md
gﬁ?%tﬁfoghﬁeggigg btzf(i)-.}l;z 3rd of March last, we were engaged‘. exa}rlnmm% ::'i Elgm:ﬁg
f witnesses, chiefly with reference to certan alleged defects In the tfna ed als an
:’ror?manshif) of the bridge, and to the speed at which trains were accustome 88

it, Mr. Trayner and Mr. Balfour appearing as before.

Eramina- i i iti i t length obtained,

: i tion, for which we had been waiting, having been & .

tiome at thésilx;‘llilfymé‘;gm:es?;ned at Westminster, and continued from the Blgﬂ(li (}:‘f TAPEI

Wesx- until the 8th of May, Mr. Trayner and MI(-l.dBa,lfour rgpre;entlsr{% 1%11&:0 n?a?:B guchrih:

miber i tively, Mr. Bidder appearing for S1 3
%1;& '11{122:? Z)rrldc %nézrg %?Yserl)aﬁer a‘zd Macrory for the Contractors, Messrs. Hopkins,
Gillis & Co. On this occasion a very large amount of evidence was taken, chiefly of
s technical and scientific character, with the object of ascertaining the causes which
had contributed to the fall of the bridge.

Close of the ) Finally all the witnesses having been examined, and gounsel heard fox: their

"9“'3 res(gezztg'l: pa.{'ties, the Inquiry was declgred to be closed ; and it now only remains for
us to state the conclusions, to which we have come, after a most careful and. anxious
consideration of \the facts contained in the evidence and doclgments, which have
been laid before us. A copy of this evidence, and of the more important documents
will be found annexed to this Report, and to these we must beg to refer. The circum-
gtances of the case are as follow.

History of the Undertaking.

Original (10.) Tt seems that, a proposal having been made to build a bridge across the Firth
of Tay opposite to Dundee, Sir Thomas Bouch caused borings to be made, from
which he was led to believe that hard rock would be found extending across from
side to side, at no great depth below the bed of the river. He accordingly designed
a bridge, which was to consist of open lattice girder-work, and which was to be carried
across the river on piers mainly consisting of brick, built up from the solid rock as a
foundation. The scheme having been approved, a contract was on the 8th of May
1871 entered into with Messrs. De Bergue & Co. to undertake the work. After the
first 14 piers on the south side had been built, and carried up to a height of 20 feet
above high-water level, it was found, on sinking the cylinders for the 15th and 16th
piers, that what had been taken by the borers for solid rock, was only a bed of
hard conglomerate about 8 or 4 feet thick, on piercing which they came into soft
mud or sand of unknown depth, the rock having disappeared. The discovery seems to
have been made about May, 1873, for we have a report to Sir Thomas Bouch from

Mr. Paterson, the regident engineer, dated the 29th of that month, in which the fact
is first mentioned. :

Alteration (11.) The result of course was that the design had to be altered, and to meet the

of plans, difficulty, which had arisen, Sir Thomas Bouch proposed that the area of the founda-
tions should be considerably increased, and that light columns of iron should be
substituted for the brick piers previously intended ; and there is g report from Sir
Thomas Bouch to the directors, dated the 11th December 1878, in which he explains
at length the advantages of the proposed changes.

Qangeof  (19) In the meantime Mr, Charles de B i i
' . i : ergue, the leading partner in th tractor’
comirasiors.  firm, had become go ill a8 to be unable to attend to businegésl,) and itlﬁecainzoiezaé‘;sgi‘;
to tranefer the contract to other hands. This wag accordingly done, and on the
26th of June 1874, & contract was entered into with Messrs. 1
Middleshorough, to complete the work, the

(13.) The proposal to alter the pi ' ;
s before the contract wag signed wIi)éfzrng;:sg;.bﬁ(:)l;]é;s,lmn e | o P been mads

; . Gilkes, & Co.
i“:;egnse ggg Ii:g)t sett}fld until afterwards ; for Sir Thomas ?goucho&idb%t :ﬁ:t fl?:;
Tetter from Mo Gt_blins tation with Mr. Gilkes at Middlesborough - and ‘thete i5 &
+ kes fo Sir Thomss Bouch dated the 9th of Juns 1875, in wiich ha
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speaks of the proposed “enlargement of the spans and certain alterations of the
piers,” which he states had, after “long and careful consideration,” been at length
decided on. The “enlargement” here referred to is that of the large spans crossing
the navigable part of the river, which as originally designed were to have a width of
215 feet from centre to centre, and 200 feet between the piers, but in the final
plans they were to be 245 feet from centre to centre, except two, which were to he
227 feet each.

(14.) From this time the work progressed with great rapidity, a large number of Cowpletion
men being constantly employed both on the bridge itself and at the Wormit foundry ; ¥ e work.
and although some delay occurred from the fall, during a heavy gale of wind, of two '
of the large iron girders, whilst they were being raised into their positions, together
with the piers on which it was proposed to place them, the bridge was completed, if
not within, at all events very soon after, the stipulated time.

(15.) On the completion of the bridge the usual notices were sent to the Board of Inspection
Trade, and thereupon General Hutchinson was directed to go down and inspect it. Ifly,rﬁl"“m of
His inspection took place on the 25th, 26th, and 27th February 1878, and on the aﬁmz_
Sth of March following he reported that he saw “no reason why the Board of Trade
¢ should object” to the bridge being used for passenger traffic; he stated, however,
that it would “not be desirable that trains should “run over the bridge at a high
¢ rate of speed,” and suggested 25 miles an hour as a limit, which should not be
“ exceeded,” adding that *very careful attention will be required to ascertain from
“ time to time that no scouring action is faking place in the foundations,” and
that he should wish, if possible, to have an opportunity of * observing the effects of
“ a high wind when a train of carriages is running over the bridge.”

(16.) Some delay occurred, owing to the approaches not being finished, but at Opening o
length in June 1878 the bridge was opened for passenger traffic, and from that time éridge.
trains continued to run regularly across it until the evening of the 28th of December
last, when the accident, which we are now about to describe, occurred.

Account of the Accident.

(17.) On the evening in question the train from Edinburgh arrived in due course ab passage of

St. Fort Station, which is the last before crossing the bridge, and there the tickets the train.
of all the passengers for Dundee were, as usual, collected. We are told that there
were in the train- at that time, 57 passengers for Dundee, 5 or 6 for Broughty Ferry,
5 for Newport, 2 season ticket holders, the engine driver, stoker, and guard of the
train, and 2 other guards, making 74 or 75 persons in all. The tickets having been
collected, the train proceeded on its course, leaving the St. Fort Station at 7.8 p.m.,
and on approaching the cabin, which stands at the southern end of the bridge, the
speed was slackened to enable the engine driver to take the baton, without which he
is not allowed to cross the bridge. On receiving it, steam was again got up, and the
train passed on to the bridge; upon which the signalman, Thomas Barclay, signalled
the fact to the north cabin, and made an entry in his book of the time, which he told
us was 13 minutes after 7 o’clock. At this time it was blowing a strong gale from
about W.S.W., almost directly across the bridge; the night was also extremely dark,
for although there was a full moon, heavy clouds obscured its face.

(18.) It seems that a person named John Watt, a surface man in the employment of chz}g of the
the North British Railway Company, had gone to keep Barclay company, and was in “*%9%
the cabin when the train passed, and it is from him that we have the best account
of what then occurred. Whilst Barclay was attending to his duties, entering the time
in his book and making up the stove fire, Watt was watching the train from the window
in the cabin door, which looks northward down the line. According to him, when
the train had got about 200 yards from the cabin, he observed sparks flying from the
wheels ; and after they had continued for about three minutes, there was a sudden
bright flash of light, and in an ingtant. there was total da.rknesg, the tail 1an_1ps of the
train, the sparks, and flash of light all disappearing at the same instant. On informing
Barclay of what had occurred, the two men endeavoured at first to make their way
along the bridge, but finding it impossible to do so, owing to the violence of the wind
which was then blowing, they got down to the side of the r1ver,.a.nd after a time were
able to make out that a largeportion of the bridge had been carried away. On further
inquiry it was ascertained that the train had also fallen into the river, and that every
person in it had perished. ,

D
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Description of the Bridge.

it will be necessary that we
hat had really occurred, it will
(19.) In ﬁrfgﬁfﬁzzgrgﬁzﬂ of the nature and character of the structure.
nOW

i i length from cabin to
‘ the bridge, which had a total lengt. )
-w””* (20.) Ai ﬁ?lall{ 7((:;)511sle,‘:(f:e i;ra,s ecarri§i across the river on 85 piers, ’t?f' thlgll‘.l iﬁ:
o mt_e ,fromy;:he south shore, were entirely of brick, the rest em%'h 3
o e on mgsed of iron columns. Starting from an a.butmenj; on the }sict)u 0? ;)rte(;
Em ::n;hpg left for the first three spims‘i Whlcht br(c)lug};l:t Tti :1% ar;g;henaz?r:ight
i hich here runs nearly due east and west; :
e c_ourgeé oiﬁl;cr;v?;', ::;rxlr(;d s%arplv to the right with a radius of 20 to 2}21 chauﬁ;
o 16:2 reached the north shore. For the first three spans after leaving the §0}111
:;om 1t.he roadway slightly fell; it was then level to pier 6, whence it rg?)e. 1‘211; a
l'ze incline of 1 in 353 to pier 29; gxéoxp 28 t0 30tth<fe llln(i;]ﬁlée i&?fn e1 go?n 3’61towi?'?
ix spans, and at pier 36 it began to fall, the : .
ge?rlzl Ief?lx fi)g(? lxaft?eg' 1v?vhich the fg,ll was extremely rapid, being about 1 in 74, un{,lll
it re%mhed the north shore. It will thus be seen that ffron;) 0s001111 acftle'l lea.v(in;g sti;dg
entle rise till they reached pier 30, where the unde
mge B%:irgg:hgzsws}?o?lt%B feet above high-water mark; from there the bridge was
level for six spans; and from pier 37 the fall was very rapid to the north shore.

Brevision expansion and contraction of the iron, the girders, of which
Sorscpancion th;@t}l:i)d;: ;Ialso Zofx?;cfsl;?i, v]v(rgré not continuous throughout their entire length, but were
wndsoa-  ivided into sections of four, five, or six spans ; and whilst the spans of each section
Y ere firmly riveted together, so as to form one continuous girder, the sections were
i quite distinct and separate. Bach section was rigidly attached to the top of one of the
ters, by which it was supported, whilst on the other piers it rested on :c_'ollgrs having
velled flanges. Where the section is rigidly attached to the pier, it 18 called a
fixed bearing; where the ends of two sections meet, it is called an expansion joint ;

the others bemg called roller bearings.

Bhe il (22.) Between piers 28 to 41, where it crossed the navigable part of the river, the

s irders were raised 80 as to give additional headway to passing vessels, the lower
ngms of this portion being in a line with the upper booms of the portions north
and south of it. The consequence was that, whilst from the gouth shore to pier 28, and
sgsin from pier 41 to the north shore, the roadway was carried on the upper booms,
and therefore outside and on the top of the girders; between piers 28 and 41 it was
carried on the lower booms, and therefore inside and op the bottom of the girders.
These latter were called the high girders ; and as they were entirely carried away, it is
to this part of the structure that our attention must be more particularly directed.

The High Girders,

Their lewgth  (93) The high girders consisted of 13 Spans, of which 11 were 245 feot and + o
and 227 fest each, ma%ing.a total of 3,149 feet, or very nearly 1,050 yards. or
divided into three sections; the first, beginning from the south, containing five spans

of 245 feet each; the second, four Spans, two of 245, and two of 927 feet each ; and
23 élsn'd, four spplgstseach of 2453§eet.d T!zlere were fixed bearings at piers 31 1;15
v » SXpansion joints over piers 33 and 37 and at h iti "rest
wore nolppansion g;'ls ‘ P and at the two extremities, and the rest

f

. and were connected
side of the booms, ag well as by

the tensile barg at their intersectiong. hond secured to them and to

megélt;}llr:r;’e beams vgith diagonal stays; but the lower booms, which ing:}ﬁ:;erpazi
; rmanent way, wer ;
girders, set about 5 feetg incheesc?necmd oy  lransverseo Wrought-iron, fish-shaped

part, and firmly rivy, ted
ome.  The girder over each Span was_complete Wizhin ftsi]f,t

o.f similar construction to the booms, and 18 Inches wide op the £

the vertical engg bein
girders appear to haye been well constructed, and

ace. On the whole, the
to have been carefully proportioned to
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the strains, which they had to bear ; and as thereis no reason'to suppose that the casualty
was due to any defects therein, it is not necessary to describe them more in detail.

(25.) With the supports, however, it is otherwise, for the columns on which the 7%he sup-
girders rested, have all, from 29 to 40 inclusive, given way, and in every case but ports.
two from their very bases; and it therefore becomes important to examine their
construction with some care.

(26.) Wehave said that it was originally intended to build the piers, which supported Zhe
this part of the structure, of brick; but that, when it was found that the rock had foundations.
disappeared, it was determined to lighten the piers by making them of cast-iron
columns, and at the same time to increase considerably the area of the foundations. To
obtain foundations for the piers, wrought-iron caissons 31 feet in diameter were con-
structed on the shore, which, on being lined with 18 inches of brickwork were floated
out, and sunk in their proper places. This was an extremely difficult operation, but
appears to have been successfully performed. After a caisson had been sunk as low ag
was deemed necessary, the centre was filled up with concrete ; and upon this was built
a hexagonal-shaped pier, measuring 27 feet 6 inches from east to west, and 15 feet
6 inches from north to south; the lower part of which was faced with brick, whilst
the four upper courses were faced with stone, the centre, as in the case of the caissons,
being filled with concrete, And at the angles of the hexagonal pier were placed six cast-
iron base pieces, 2 feet in height, and secured to the pier by holding-down bolts passing
through the two upper courses of stone ; and upon these were raised the columns. The
arrangement of the foundations, the pier, and the base pieces will be best seen from g plan
the plan annexed to this Report, which is taken from a drawing in Mr. Law’s report.  annezed.

(27.) The columns, of which there were six on each pier, were all of cast iron and 7Z#e
hollow, the two outer being 18 inches, whilst the four inner ones were only 15 inches columns.
in diameter each. They were built up in tiers or sections, those on piers 28 and
41, where the higher and lower girders met, consisting of six tiers, whilst those on
all the piers from 29 to 40 inclusive consisted of seven tiers. Each tier was attached
to the adjoining tiers, as well as to the base pieces, by eight screwed bolts, 12 inches
in diameter, passing through holes in flanges cast with and at either end of each
section of columns. As to the thickness of the metal in the columns, which appears
to have been altered during the progress of the work, we shall presently have a few
words to say. The columns, after they were erected, were filled with concrete, not
indeed with a view of adding to their strength, but to prevent internal corrosion.

(28.) To prevent the columns from buckling or bending they were braced together The struts

at every joint by wrought-iron struts and ties, The struts, which were horizontal, and ties.
consisted of two channel irons, placed back to back, which were secured at each end
by 13i-inch bolts passing through lugs on the columns.® The rectangular openings
thus formed by the struts and columns were stayed diagonally by flat tie bars,
41 inches broad and half an inch thick. The upper ends of these tie bars were-
attached in the same way, as the struts, to lugs cast on the columns; whilst the
lower ends were secured between two iron plates, 4% inches by £ths of an inch thick,
called sling plates, by gibs and cotters,} the lower end of the sling plates being
attached by bolts to lugs on the columns.

(29.) At the end of each tier or section of the columns, except where they rested on The spigots.
the base pieces, was an inner projecting rim or spigot, about three-quarters of an
inch deep, so as to allow each section to fit into the one below it; this also, we are
told, was not done with a view to give any additional strength to the columns, but
simply to prevent any sliding movement of one section over another.

(80.) There is another point in connexion with the columns, to Whicb it 1s also The trian-
important to call attention. The six columns, of which each pier consisted, were gular
divided into two triangular groups, composed of one outer and the two mnext inner %P9 :{
columns; and upon each group of three columns was placed a wrought-iron |_-shaped g4 she |

girder, having its two ends resting on the inner columns, and its angle on the outer girders.

* By the term “lugs,” which is the Scotch word for “ears,” are here meant projecting pieces of iron,
placed on the outside of the column, and in the angle between the flange and the shaft; they were cast with
the columns, and had their bolt-holes ready made, as they issued from the mould. . .

t The gibs and cotters referred to consisted of wedge-shaped pieces of iron, passed through slits both in
the sling plates and in the lower end of tie bar, and which, when driven home, served to tighten up the tie
bar, and thus to bring the cross bracing to its bearings. g

D
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column ; inclination, or as it is technically called the batter, of
Opngﬁotg.féht%f&tzeﬁiﬁgis, that ¢f the outer columns being to'ward.s the
ml? mm&h.es gwlene at right angles to the line” of the bridge?, that of each pair of inner
mmt:wardsp s each %ther in a plane in the line of tllxe bm};ge’ ;;ie tcg)ls of ttﬁm columni
i i brought somewhat closer together than they were a
wwﬁﬂ&:t%?; If,;vcrv:),eg;oups %vere as far apart from one another at their tops
ag they wer,e at their bases. There was, IOreover, no Connexion between the_ two
L girders, so that each of the piers on which the bridge was supported may be saa% to
have consisted of two three-legged stools, having no connexion with one another,
beyond the ties and struts, between the inner columns, of which we have spoken.

lete the description of the bridge, it should be §tated that upon eaqh
of (glt) Eo g tfere was a wg-oughb—iron cellular girder, runz}mg_north a,r}d so_uth in
the line of the bridge ; immediately above which were the 1011g1t1}d1na.1 .la.ttlce gl;ders,
forming the sides of the bridge. And, as this cellular girder lay in a line, equidistant
from the centres of the three columns forming each triangular group at their tops, it
will be seen that the whole. of the superincumbent weight was borne equally between
the two outer and the four inner ones, each of the outer columns thus bearing double
the weight of any one of the inner columns.

Badlers. (32.) Upon the upper side of the cellular girder above referred to was bolted a
massive cast-ion plate, a similar plate being bolted to the under side of the
longitndinal lattice girder of the bridge; and between these two plates were placed
the cast-iron rollers referred to above, each 5 inches in diameter and 2 feet long, and
with flanges of three quarters of an inch deep ; except, of course, where there was a

fixed bearing, when the longitudinal lattice girder was attached directly to the cellular
girder by screwed bolts,

Condition after the Accident.

{:%q)ltbet U8 now see what was the condition of the bridge immediately after the
aceident,

Ths Cirders. _(34.) And, first, as regards the girders. These, it seems, were

lying in the bed of
river to the‘ east of, and at some distance from the base of fe ey te

he piers, having turned

' ix, that the girder did not lie i
straight line, but that the three sections of which it was composeg, formed thli'ee é?stlilzlnci

arcs, with their concave gideg towards the piers, being nearest to the piers at the

€xpansion joints, and furthest from them at the fixed bearings. Thug

and 41, where there Were expansion joints, the . distances -of the
were regpectively 22 feet 6 inches, 21 foet, ‘25 feot § inches -

ﬁe& ‘ : bsg?) Secondly, as regards the piers. There was nothin

&0y movement or settlement ip an

off and tilted up on end, It was, however, to th
beett done. Al these, from piers 29 1o 40, oy s that the greatest inya Loy
ot ot the tae L plers 29 to0 40, ? jury
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on the piers left standing at the two extremities, namely Piers 28 and 41; where
the lugs on the sides, facing the fallen girders, were almost all broken; and the ties,
Wlaich had held the two 15-inch columns together, were hanging loosely from their
ends.

(36.) Thirdly, as regards the train. This consisted of the engine and tender, a third- Z%e train.

class carriage, then a first-class, then two third-class, then a second-class, and lastly
the guard’s van. Of these the engine, the tender, and jthe four first carriages were
found in the fifth or last span of the first section of the high girders, whilst the
second-class carriage and the guard’s van were in the fourth, but close to its junction
with the fifth span. The engine and tender were on their sides, as well as the last
carriage and the guard’s van; but the four intermediate carriages were standing
upright on their wheels, having, it is supposed, been floated after the accident by the
air encloged by the roofs.

Causes assigned for the Casualty.

(37.) The next question to be considered was, to what causes the fall of the
bridge was to be attributed.

(38.) And first it may be well to state what are the views entertained by those most By the
deeply interested in the case, the company, the engineer, and the persons chiefly con- parties
cerned in building the bridge. It seemed to us that these gentlemen had a right to tnferested.
have their views fully and clearly stated, and their arguments carefully weighed and
considered, for none could know better than they the nature and character of the
structure. :

(89.) We accordingly addressed’a letter to the company, asking them to what causes Company’s

they attributed the fall of the bridge; and in reply we were informed in a letter dated views.

the 12th of March last that, “apart from the overpowering violence of the wind,”

they were ‘“not yet aware of any circumstances which in themselves would account

for the disaster.” Up to this time, then, the company were under the impression

that the fall of the bridge was due to the violence of the wind alone; and this was

the conclusion, to which they had come, more than two months after the casualty

had occurred, during which time they must have obtained full knowledge of all the

facts, and have had ample opportunities of conferring with Sir Thomas Bouch, and

the engineers and officers of the line.

(40.) On the 22nd of April following Mr. Grothe, the resident engineer and manager 7- Grithe's
for the contractors during the whole of the operations, was examined, and on bemg %™
asked what in his opinion had caused the fall of the bridge, he stated that in all
probability, when the train was on span 32, the end of the girder at the expansion
joint over pier 33 had been lifted off its bearings, and having been blown off the top
of the pier, 1t had come down smasghing the pier below it. Everything, he said, pointed
to what he had ‘heard called a simnle smash, something falling from the top, and in
its fall crushing everything below iv;” and that this would have happened, “no
“ matter what that pier had been made of, if it had been made of steel from top
“ to bottom.” It is not very easy to follow Mr. Grothe’s reasoning; but what we
understood him to say was, that the accident was not due to any want of strength
in the piers or their fastenings, but to the el;d of the gl.rder at the expansion
joint having been blown off the top of the pier, and to its then coming down
smashing everything below it. But it might be said in reply that, before this could
have happened, the permanent way must have been fractured at that point, the
permanent way being continuous, although the girders are disconnected at the
expansion joints; and that there is nothing to show that the permanent way had
been broken at any of the expansion joints. Moreover, if the bridge had fallen in
the way he supposes, by the end of the girder being blown off the pier at the
expansion joint, and coming down, smashing the pier below it, we should naturally
expect to find it, if not on, at all events near the base of the piers; but, instead of
thig, it is at a considerable distance from the base of the piers, in one place, no less than
51 feet from it. All, however, that we need say about MI:. Grothe’s theory is,
that it seemed not to have found much favour with any of the witnesses who followed
him, for none of them were prepared to support it.

' D 4
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5 id, gave his evidence on the 22nd April; and on
L Mr.fGiﬁgheé:;eI xilgﬁhsavi’ %aze a new theory set up. On that dlaéy Sir
%;o 30thBoouch was examined, and in answer to a question put by Mr.16 17%%31»:
whntm?z his opinion caused the faill ];)f Ehz bridge,nilix; i?;m:idrg?eg ngQ.opin’ion )is_
“ deal about it very a ;
“ % Emlzgvfeti};(t); 1th3v:sg;:1:1?:ed by the capsizh{g of one of the last, or tlﬁe two lta,s&;
“ carriages that is to say, the second-class carriage and the van; that §1 ey caﬁ i—
“ over aga.gnst the girder.” Sir Thomas was subsequently_a.sked_dby t o court to
explain more fully what he meant, and he then gave the following evidence :—

i8si i f the accident was the train
. (The Commissioner.) You have told us that you think the cause of the
emg::lg&zntg c(flliaggrll with the) girder, with these ties, I su.pp?is% ?—t-l’lYes,_Idthmk it was caused by those
i ing into collision with the ties and being capsized by the wind. . . B
twi)7ﬂ£18:;gs,ﬁoxgxongn$ nuw.nl that it came into collision with the boom ; you mean that it came into collisior
’ ° . .

i ties >—Yes, I think so; with one of the girder ties. . . . . )
mﬁ%??é.Oth:e:u eSlink teh;t the mere bresking of any one of these ties of the girder would be sufficien
to b;ing it down —1I do not know that the mere breaking of any one of them would be sufficient, but there
are geveral struts and ties where this second-class carriage and the van were found, and I bhave had the whole
thi oyed and made into a plau. : . .

If’?,:;g ]);o you think that n?king away two of these ties and struts there would be sufficient to bring the

down ?—Most undoubtedly, with that wind. .
17,193. Put the wind aside. Do you think that the breaking away of two of those ties and struts would
be sufficient to bring the bridge down >—Yes. o ) ) .

17,194. By cutting them through? Do you think that that would be sufficient to bring the bridge down ?
—1 do.

17,195. You think, therefore, that this bridge was so constructed that, if one or two of these ties gave
wiy, the whole of the bridge between the high girders would come down ?—I think so, thet is to say, if you
cut them,

17,196. So constructed that if one or the other of these ties gave way ?—I do ‘not know as to one, but
certainly two,

17,197, If two of them came down, the whole length of the bridge between the high girders would come
down ?—Of course the girder coming down sends the pier down, and they all go one after the other like.

42.) Sir Thomas Bouch gave his evidence on the 30th April and the 3rd of May,
and on the 5th an entirely new theory is started. On that day Dr. Pole, a gentleman
of considerable scientific attainments, who has throughout these proceedings been Sir
Thomsas Bouch’s confidential adviser, having been present and heard all the evidence
given at Westminster, was examined, and on being asked by Mr. Bidder, “ What would

“ you say was more probable as being the explicable cause of what ha ed to
“ the Tay Brldge ?” he I'eplied - g Xp Pppen

18,607, As I cannot think that s statical force would have broken down the bridge,—any statical £,
. f — cal foree that,
as far a.; I kn&muld come upi?n m,—lllf thuili the rupture must have been causedgb;' the);upemdditioneto t%e,
statical force Y existing of something like a shock of some kind. The brid had i
considerably by the wind, as nobody denies; and if I am i bls. o e, A

b 3 ght in being unable to find any staij
thet was sufficient to rupture it, I can only conclude that there must have bgen somet; o i

tu hing super-;
most reasonable supposition to my mind is that that something should have been ingthepfla.:fr%eg% z‘nstllxoilll(e
and Iam led in & great measure to think that this is rendered probable by the fact which struck me at the
very first moment 1 looked at the bridge, and that is, that it is almost universally the cast iron that has gone,
at?; ot ﬁu wrought iron, ;do not know the details, but the fact impressed itself very strongly u OE m ;
mind, that in all cases these ties have broken by a ruptare of the cast iron and not by any fracture of %he tie}s'!
t ; and since we know that cast iron gives way so much more readily under shocks than wrought
ml:, and will regist statical pressure very well, it occurred to me, as an explanation worthy of consider: g

whether there might not have been a shock in addition to the statical strain which broke those lugs dertion,

(43.) That the theory set up by Dr. P 1 ite di
B b Bouciyis clegr 5frr or th(:a e aiv;rlas really quite different from that started

questions, put to him by Mr. Bidder:— o "¢k ko gave to the following
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18,7477. (Colonel Yolland.) Transmitting the effect into the columns of the piers >—Transmitting the effucts
into the columns of the piers. The vis viva must have been extinguished, and if a considerable portion of
it was diverted against the eastward girder, I do not see how we can evade the conclusion that it must have
acted upon the pier, in addition to and in the same direction as the strain already existing from the wind.
That was the last straw (a very heavy straw), which may have caused, I think, the fracture of these ties. I
do not go further than that.

18,748. Then, at any rate, I understand that in whatever way these causes operated, the effect of them,
and the first absolutely fatal effect upon the bridge, was the breakage of one of the columns of the pier 7—The
breakage of the tie. I do not think the columns would go first. I said, in answer to Mr. Trayner, that I
:]opsidered this the weakest part of the structure (pointing it out), and I consider that this would be the first

nung to go.

18,749. Do you think that the shock of a train on this part of the girder, which did not destroy the girder,
would be capable of imparting such action to that lower tie as to destroy it >—Yes, if it was transmitted
against the eastward side, because it would certainly then be transmitted through the eastward girders, and to
the piers upon which the girders rested.

18,750. (Mr. Bidder.) Any lateral pressure, or any lateral blow upon the girder, must ultimately, must it not,
})e transmitted absolutely undiminished to the lowest pier >—Yes, it must be so; the amount of vis vive is so
arge.

" (44.) Without accepting Mr. Bidder’s somewhat doubtful theory that any lateral pres-
sure, *“ or any lateral blow upon the girder, must ultimately be transmitted absolutely
undiminished to the lowest pier,” it is clear that, what Dr. Pole means, is, that the
cast-iron lugs broke, in consequence of the shock given by the carriages coming

ggflinst the leeward girder, and that the columns being thus left unsupported, the
ridge fell.

(45.) On the following day, the 6th of May, Mr. Stewart, a mathematician and an r. Stew-
engineer, who had assisted Sir Thomas Bouch in designing the bridge, and who, arésopinicn,
like Dr. Pole, had been present and advising Sir Thomas Bouch throughout the pro-
ceedings, was examined, and he agreed with Dr. Pole as to the causes, which had led
to the fall of the bridge. He was then asked—

19,008. And generally do you agree with his evidence, and his opinion, that it required something more
than any statical wind pressure, that you could have expected to come upon the bridge, to have caused what
happened on the night of the 28th December P—Yes, I do.

19,004. Do you also agree with him that the shock of two of the carriages going at the rate of 25 miles
an hour, if they came into collision with the girder, superimposed upon all the normal strains upon the bridge,
would be sufficient to cause a failure 7—{lertainly.

(46.) Mr. Stewart having stated that “the pier gave way, not from a moment of
force, but from a sheering action,” he was asked by Mr. Barlow—

19,349. You seem very positive that it was a sheering action ; will you tell us why you think it gave way
from a sheering action ?—1I think it gave way from a sheering action from examination of the bridge. I saw
it, and as Dr. Pole very distinctly explained, I believe the ties were the first thing to give way.

19,350. The lower ties ?—I cannot tell which of them.

19,351. The lower ties would be more strainel in proportion to their strength, would they not >—They would
be somewhat more strained.

(47.) He was then asked by the court—

19,368. (The Commissioner.) As I understand you, you say you believe that this casualty was due to a
sheering action caused by the great pressure of the wind ?—Yes. .

19,369. And acting ultimately upon the ties and breaking the ties, and then leaving the columns unsip-
ported, as it were P—Breaking first the ties, and then the columns would be very weak, and would go over.

19,870. As it has been described, as a pair of rulers ?—Yes. -

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

19,384, (Colonel Yolland to the witness.) I thought I understood you to say that the first part of the structure
that, in your mind, gave way was the lug ?—The first part of the pier that gave way. i .

19,385. Then that fracture of the lugs was not due to any sheering action there ?—There is a confusion
in terms. The sheering action is, in fact, the lateral action carried down to the base.

19,386. I am speaking of the actual fracture of the lug itself, which I understood you to say was the
part which, in your opinion, first gave way; there was no sheering action there, was there >—That was the
result of what is called in engineering sheering action. )

19,387. Was it not in fact a direct pull that fractured that >—Yes, it was. . )

19,388. That is differert from what is usually understood to be a sheering action >—It 1s‘the sheering over
of the whole pier that I am speaking of; not the sheering action on the lug. T am speaking of the lateral
force which is uniformly resisted in every pier from top to boitom, and which is trausferred into a tensile
train on the ties. It is an engineering difficulty. ] . ] )

19,389. (The Commissioner.) If the lugs had been stronger than the ties, perhaps this accident might not
have occurred ?—I cannot say that. I think the force was great emough (if my view was corrcct that the
train left the line) to have done & great deal more damage thun destroying the pier. o

19,390. But at any rate it would have been an element of security, if the Jugs had been stronger ?—Of courss
there is always a weakest point in every structure. . .

19,391. And that you consider to have been the weakest point ?—I think so.

Q 2066. E
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‘amin Baker, an engineer of considerable eminence,
{49.) O?ﬂ:gfﬁglzf zgn%;r?de né:fe:;lly with Dr. Pole and Mr. Stewart, that it was
g Iﬁn;'hich first, gave way; and in answer to questions put to him by Mr. Bidder,

d m: it
19,433, You noticed, I think, when you were there, what has been referred to by a good many witnesses,
g lugs are mostly broken P—Yes.

T ety icati i » f the failure P—I think it indicates
it i indication to your mind as to the nature of the Iai ! )
pggj%é-rll)ﬁ;hge%:ka;éﬂ vlv(:s in the ]ngs. The lugs failed first, and they would be peculiarly liable to

il by reason . We know that the slightest shock would break a lug, of course.
mis‘a:{as. Givzi :i]tocaid wrought iron of applgoximately equal tensile strength, the cast iron would be the
frst to fail under & shack, would it not ?-—Yes, of course.

(50.) And then he is asked—

i Vi the opportunity, have you not, of seeing the markings on the girders and
thel %mmlume;%igﬁ :v?c{‘glce hagli)een gize:n, 0 t%s.t you are able to form an opinion as to whether
they were done by the overturning of the carriages or not; but assuming as a matter of fact that the two
last carriages of this train going at, say, 25 miles an hour, did overturn and run into the leeward girder,
would the sudden arrestment of their momentum,’in addition to the normal strains caused by the storm upon
the bridge, in your judgment be a shack sufficient to account for the failure of the bridge >—I do not think that
woald have hurt the girders at all; but I can imagine that in & very high state of tension the lugs would at
that time, with their peculiar liability to fail, with a comparatively slight jar, very probebly fail with a very

ight shock.
%9,495. (The Commissioner.) You thiuk the lugs would fail from the transmitted shock »—Yes, certainly.
I can easily imagine that the blow was transmitted to the bottom of the pier, in the same way that o man falling
on his forehead fractures his skull. The shock, in my opinion, would not hurt the girders.

(51.) Mr. Baker then, in answer to questions put to him by Colonel Yolland, gives
the following evidence ; he is asked—

19,570. Supposing, for instance, you had placed yourself at the centre of one of these 245 fect spans, and
cat the two central lattice bars in two, do you imagine that the bridge would have come down ?—Certainly
not. Within the last twelve months I had to tighten up the centre diagonals of a bridge of about this span,
which were perfectly slack.

19,671.  Would you go so far as to say that if you cut the two centre lattice bars in ench girder, that
would not bring it down ?—That would not bring it down. I will tell you what I have done. I have
run over & girder upon an engine with every one of the web joints unriveted. I did not know it at the time.

(52.) Tt is needless to say that to have  every one of the web joints unriveted ” is a
very different thing from having two of the lattice ties and struts cut.
(53.) Lastly, he was asked by Mr. Barlow—

19,572. You have told us that you attribute the coming down of the viaduet to the giving way of 2 Iug ; but
what made the lug give way; was it urdue pressure of the wind, or do you sattribute it to & shack ov lj’m‘ P
I think not undue pressure of wind slone, because my opinion is that, taking the strength of the bridge upon
the basis of Mr. Kirkaldy’s experiments, there was a factor of safety of between 2 and 3; and therefore I think
there was a pretty severe strain upon the lug, and then there was some jar. :

19,573, Such as 1d i - i i
frai strikiig the i::lz:. be occasioned by what ?—Tt might be occasioned, as hLas been sugeested, by the

19,574, S R : " . .
. ,5‘74 (The Commissioner.) Or it might have been from defective work 2—It might be from a thousand

(54) It will thus be seen that accordin vto thos i ildi
the bridge, and their advisers, two, and : S ot o e in builiing

: 7 and only two forces are alleged to have caused its
fall, namely, the wind, which all admit was a prime factor inbringi%zg about the a:ciedent,

and the shock by the train striking against the gi
ho : : girder. It may b 11, t
zeg whaif evidence there is that the train ever did strike the legwa:dv;irde?%‘:ffg:: ,tlfg
ridge began to fall ; and, if it did, whether it in any way contributed to the accident.

Did the Train strike the Girder 7
(55.) The theory, that the train contributed 4

course on the assumption that the i
train was found, fell first. If th hamern sooti

0 the fall of the bridge, proceeds of

on of the high girders, in which th

] e northern or the middle section fell first, tilting of
‘ . . . . t, t

1 against the girder, even if it did take place, could not haye Elbeellie tf]i?lgfugs

of the fall of the bridge. If ind d in wi
ek whad ol iy eg il ;e.a. . We could ascertain with certainty in what direc-
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attempt should be made to raige the girders at these two points, and that photographs
thereof should be taken and sent to us. Unfortunately, however, the ends of the
girders at these two expansion joints were found to have been so much broken up,
that it was not possible to determine the question with certainty. Only one piece
wag raised in a tolerably perfect state, the northern end of the middle section at the
expansion joint over pier 37; and from the photographs, which have been sent to
us, the rails there certainly appear to have been wrenched to the eastward, thus
fiavouri.ng, as far as it goes, the idea that the northern section of the high girders fell
rgt.

(56.) The evidence of the eye-witnesses of the occurrence was also not quite conclusive Ewidence
on the point. First there was Mr. Alexander Maxwell, junior, who told us that, when of eye-
the bridge fell, he saw three distinct flashes, and that these seemed to be travelling from wilnesses,
the south to the north, as though the southern section had fallen first, dragging
the other two in succession afterit. On the other hand, there was a Mr. William
Abercrombie Clark, who saw the accident from very nearly the same spot that Mr.
Maxwell saw it, and who also speaks to three flashes, but he says that they were all at
the extreme north end of the girders. Next we have Mr. William Robertson, an
engineer, and ex-Provost of Dundee, who told us that he saw “two columns of spray,
brilliantly illuminated,” somewhere between the summit of the bridge and the north
end of the high girders, and consequently at the northern section. Lastly, we have
the evidence of Mr. Peter Barron, a carriage inspector in the employ of the Caledonian
Railway Company, who told us that he saw the lights of the train on the “ southernmost
part of the high girders;” and that, when they were some two or three spans from
the southern end of the girders, he observed a portion of the girder at about one or
two spans from the north end go down, then shortly after another portion fell, and
then the lights disappeared. If, indeed, this gentleman’s evidence is to be relied
on, it is clear that. the northern section fell first, then the middle, and last of ‘all the
southern section with the train upon it.

(67.) Other circumstances also seem to favour the conclusion that the northern Otfer facts
section fell first ; for instance, all the sections, as we learn from Mr. Law, appear to be b,‘;".‘”"gf on
set about 18 inches over to the north shore, and the columns also for the most part “* 7o
incline in that direction, as though the fall had been in that direction. There is
also a fact connected with the speed of the trains and the gradients of the hridge,
to which we shall presently have to refer, and which seems to point in that direction.

And if it really was the case that the northern section went first, there is an end of
these gentlemen’s theories that the fall of the bridge was in any way due to the train
having struck the leeward girder.

(58.) It was said, however, that there are marks on the girder which show that the Marks on
train struck the leeward girder before the bridge began to fall. It seems that Mr. tke dlmmrd
Thomas Napier Armit, who has been employed under Sir Thomas Bouch’s instructions 97"
to raise the fallen girders, having discovered certain marks or scorings on one of the
lattice bars of the leeward girder, Mr. Charles Meik, Sir Thomas Bouch’s assistant,
was sent down to Dundee to examine and make a sketch of them ; and this sketch was
brought in by him during the progress of the inquiry. Subsequently other lattice
bars with similar marks and scorings upon them having been discovered, Sir Thomas
Bouch constructed a plan, which he has forwarded to us in a letter dated the 27th
May ultimo, after the conclusion of the examinations, and Whi(_:h he says confirms h_ls
theory * that at least the guard’s van and the second-class carriage next it had been in
“ contact with the east girder, before the bridge fell.” The plan shows a number of
marks or scorings on the inside of eight consecutive lattice bars, which we are told
formed part of the leeward girder immediately in the rear of where the train was
found. The marks or scorings are parallel, and cover about a foot of each l.attlce bar,
the lowest being about 11 feet and the highest about 12 feet above the line of the
rails. We were told, however, by Mr. Dugald Drummond, _the 1ocomot_31ve superinten-
dent of the company, that the top of the second-class carriage, by which these marks
are supposed to have been made, would be, as nearly as possible, 10 feet above the
rails, so that it is somewhat difficult to understand, how it could, when the bndge was
upright, by being tilted against the girder, as is suggested, have made these marks
or scorings at a height of from 11 to 12 feet above the rails. Moreover, to make
these marks upon eight consecutive lattice bars, the carriage must have passed over
three bays or openings, each more than 25 feet wide; and if the carriage was at the
time leaning with any force against the girder, we are at a loss to understand why,
seeing that it was only 22 feet long, it did not fall through one of these opemnzgs; and

E
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, ) . : i force, it is equally difficult to
if it was not leaning against the girder mtlrlt };arxg};v thre bridge. qually

onders it could have contributed to overt e o -
(59 )taﬁgths(:l;;osggz that the second-class carriage and guard’s van did tilt, as ig

A X , it
suggested, against the lgeward g’u'detr,1 &Sbthi}i %gg:iasolalrzmig%os(z jﬁlia8f183 )C‘;Eﬁ
have done it any harm? We were 19 ht ; iage, very lightly constructed, and that
the second-class carriage Was a very light caIriage, very ) of itself, that there w
it was in fact the only light carriage “in comstruction, and of 1iself, tha as
« in the train.” To suppose then that the top of such a carriage could have done so
in the train. SPp h ed more than 1,000 yards of it to fall, seems
much injury to the bridge, as to have caus . ’ h £ th
in the highest degree improbable; we are rather dlspoged to concur with some of the
witnesses, who thought that it would have “ gone off like match-wood, without doing
ichtest injury to the girder. . .
Character of th‘zgg.%’ And af]tell"ya]l, Whg‘; is the character of these marks or scorings, which we
Memerks.  aro told give evidence of a shock of such terrible force? Mr. Armit was asked by
Mr. Bidder to describe them, and his answer was (Q. 17,491), « They are black, and
“ in passing your finger over them you can feel that there is more than the paint—
“ that even the iron bears a graze; there are hard grazes, the heads of the rivets
“ are very hardly rubbed ; in passing your finger over you can feel a distinct hollow;
“ and over the heads of the rivets there has been a very hard graze indeed.” Mr.
Meik's evidence was to the same effect; on being asked by Colonel Yolland, (Q. 17,341),
“ Are these scorings that you speak of indents in the iron ?”” he answered, “ Not exactly
“ indents; the paint is all scratched off. There are some scratches in the ir_on too, but
“ they are not deep.” —(Q.17,342.) “ A thirty-second part of an inch, or a sixty-fourth
“ part of an inch ?—I did not measure them, but they are very slight.” It iscertainly
nconceivable that a blow, which was hardly more than sufficient to take the paint off,
and which Mr. Meik, a civil engineer and a very competent witness, was not prepared
to say had scratched the iron to the depth of one sixty-fourth of an inch, and which he
described as “ very slight,” should have produced such results. It seems to us that
these marks or scorings could hardly have been made, before the bridge had begun to
fall; and that even if they had been, they were not sufficient to have caused the fall of
the bridge. It seems more probable that they were made by the train, after the bridge
had begun to fall over, when the train would necessarily be thrown upon the leeward
gm]iler, a.’n}i3 not having yet lost all its forward motion, it would not unnaturally make
such marks as we see.
Cicer (BL) Tt was, indeed, suggested that there weré other marks lower down, which
Possons might have been made by the frame of the carriage, which is much stronger than the
Swaidervi. upper part of it; and our attention was called to a photograph of the second-class
carriage, which showed the after buffer on the west side to have been much injured ;
and it was suggested that this might have been done by the guard’s van, when the
second-olass carriage was brought up by the fore part of the frame striking the lattice
bar. But if so, the fore part of the frame, where 1t i supposed to have come against
the lattice bar, should have shown marks of the collision, but it seems froxﬁ the
photographs to be quite uninjured. There is therefore no reason to think that the
bridgo{f the c:or?:uge ever came in contact with the girder, at all events before the
egan .
- (62.) There is also the fact that, when the ensine was found
&“"‘ Ehrottle valve wag full open, the reversing leverg“ standing in %flt:rsglt%cgili;:ityfrg};:
full forward gear, or m the third notch from centre.” N ow, if an

&

it

!
!

ﬂletram to rest as soon as possible ; and the fact that he had not done 80, strongly

the(egridge first began to give way. Position on the rails, when
(83.) The suggestion then th ; .
bridge began tg gfall, and t?llllat e?enthi; gaglid strack the leeward girder, before the

; L . , it ] .
g m our o;imxon disproved, the next que1 b poave contributed to its fall,

- - ) stion to b i :
)eident can fairly be attributed 4o the violence of the galeeaﬁ)o,?:ldered 18 whether the

; Wind Pressures.
(84) In a8 pa,per

. Prepared by Dr. Pole and M ' i
T : . e an r. Stewart, at t 1
omas Bouch, wlncE will be found in the Appendix, and in Wha.ich ];}?eléltsatsiliffy ?)ff tShl:
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bridge and its capacity to resist the pressures, which might be brought upon it, are
very fully discussed, we are told that “ the ordinary source, from which estimates of
“ the force of the wind have been usually taken, is the well-known table presented
“ by Smeaton to the Royal Society in 1759, which gives a pressure per square foot
“ of 6 lbs. for high winds, 8 or 9 Ibs. for very high winds, and 12 lbs. for a storm
“ or tempest. There are,” they say, “still higher figures for great storms or
hurricanes, but it is stated that these are of doubtful authority, and only apply
to tropical meteorology.” They then proceed as follows: ¢ Referring to the
authentic records of wind pressure gauges in the heaviest storms that have occurred
for many years, it has been found that upon very limited surfaces, and for very
limited times, the pressure of the wind does amount sometimes to 40 lbs. per
square foot, or in Scotland probably to more. But the best authorities, who
have studied these gauges, have arrived at a confident opinion that such high
pressures are only momentary, arising from some irregular whirlings of the air,
which extend to no great distance. And if it is considered as a practical matter
what a lateral pressure of 40 Ibs. per square foot really means, and what effect it
must produce, common experience must render it very doubtful whether any such
“ pressure can be sustained by objects ordinarily exposed to the wind’s action.”
For these reasons, they say, *in designing the bridge, a maximum wind pressure was
“ assumed, acting over the surface of a span and pier, equal to about 20 lbs. per
“ square foot, (being more than double what Smeaton allowed for a very high wind ;)
¢ and the dimensions were calculated for this pressure with the usual margin of
“ safety.”

(65.)ySir Thomas Bouch indeed did not endorse the statement of Dr. Pole and Sir Thomas
Mr. Stewart that “in designing the bridge, a maximum wind pressure was assumed, Bouch’s
“ acting over the surface of a span and pier, equal to about 201bs. per square %"
“ foot;” for he told us in answer to questions put by Mr. Trayner and by the Court
(Q. 16,939 and 16,940) that in designing the bridge he had not made any allowance for
wind pressure “ specially.” What indeed Sir Thomas Bouch’s opinion was, as to the
maximum wind pressure, when he designed the Tay Bridge, we do not know. We are
told, however, that on the occasion of Sir Thomas having designed a bridge to cross
the Firth of Forth, the Astronomer Royal was applied to for information as to the
amount of wind pressure, for which allowance should be made; and in reply the
Astronomer Royal stated, in a letter dated the 9th of April 1873, that, altho ugh “upon
“ very limited surfaces, and for very limited times, the pressure of the wind does
“ amount sometimes to 401lbs. per square foot, or in Scotland probably to more,” yet
that, looking’ at the character of that bridge, which was a suspension bridge with two
spans of 1,600 feet each, the greatest amount of pressure, to which it would probably
be subjected on its whole extent, would, in his opinion, not be more than 10 Ibs. per
square foot. Sir Thomas Bouch told-us that, after the receipt of that Report, he had
a ¢ different idea of the force of the wind.” It is, however, to be observed that that
Report is dated April 1873, nearly two years after the contract with Messrs. De Bergue
for the building of the Tay Bridge had been signed, so that, although it may have had
some influence on his mind, when he was altering his plans, it could have had none,
when he was designing the bridge. ' .

(66.) Mr. Baker, again, who seems to have devoted much time and attention to the 2fr. Baker's
subject of wind pressures, and who is also a civil engineer of eminence, told us that for vews.
the last 15 years he had (Q. 19,480) “looked very carefully for evidence of any structure
“ capable of standing an uniform pressure of 20 lbs. per square foot which had been
“ blown down,” and that he had never found a single instance; (Q. 19,487) that there
were hundreds of buildings in this country, that would be blown down with a pressure
of 201bs. to the square foot, and miles of wall on the edges of cliffs and on open
downs, which would be blown down with a pressure of even 131bs., and which had
remained standing for 30 and 40 years; and that in his opinion the pressure over one
span of the high girders could hardly have exceeded 151bs. per square foot, and he
ridiculed as mere idle talk the idea of ““a wind pressure of 401bs. or anything like it.” _

(67.) Now it appeared to us that, in order to arrive at a correct judgment as to Mazimum
whether the violence of the wind alone could have overthrown this bridge, it would be wind pres-
well to obtain the best information as to the greatest known pressure of the wind, and "
to see how far it agreed with the opinions which had been expressed by Sir Thomas
Bouch, Mr. Baker, Dr. Pole and Mr. Stewart. We accordingly applied to the
Astronomer Royal, to Professor Stokes, of Cambridge, and to Mr. R. H. Scott, of the
Meteorological Office, who kindly attended, and gave us some very valuable and
interesting evidence on the subject. .
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i uch attention to the subject of

(68.) According to Professor Stokes, who has g:rv;l; niln this country, thero e tar
the motion of fluids, more Pe?h}f’f?s 'tha]?)s:niznportant 0 (ietingruithy, Bk Wk e
measures of wind Pmﬁﬁﬂlre(,1 Whlg tiltaf :,Iéry serigus errors frequently result therefrom.
very frequently mﬁg:?,f 211;: nwhich would be measured by the height of a column of
Dok o e hon tube, the mouth of which is exposed to the direct action of
fluid in an inverted sypho ¢ br » The other is the pressure on a plate,

he wind ; this he called the “standard pressure. 0 o e
e o d by an Osler's anemometer; what, he said, happens in 1is case
Whtllfh car;hbe ?3?35;;:Sin gy the edge breaks into eddies, which, mixing Wgh tlie1 still 1iur
is that * the air In : ' ind the plate. He told us that

: i »” producing a partial vacuum behind the pl
'bte%:&dégéf gt"olltnaéoﬁ'%’m PeI;perimegnt gﬁat the pressure on a plate is much gl‘}gater t'ha.n
:;he “ standard pressure,” measured hydrostatically ; according to Sir H(?nry James }t 18
100 per cent. greater, but Professor 8S(;:okes tths that it would be safer, on an average

, ities, to take it at ercent.

o fgg.)be;i:%:};gfs:mt?kes, however, toldpus that 1t is .m1.1ch more connllioi;_to measure
the force of the wind by its velocity, and that this is done by a Ro kmsr‘)n sdcup
anemometer, which registers the number of revolutions, which the cups make roun ﬂu
axig in & given time. He said that the usual practice was to allow a factor of 3 lJEor the
relation of the velocity of the cups to that of the wind, but that he thought that we
should not be far wrong if we took it at 24. This would no doubt give a somewhat
lower speed for the wind than that usually recorded at observatories and stations ; but
even with this reduction he thought that there was no doubt that velocities of 100
miles an hour were not unfrequently attained, more especially in gusts. )

(70.) It becomes, therefore, very important to translate velocity into pressure, or in
other words to ascertain the relation subsisting between the velocity and pressure of the
wind, Now Professor Stokes told us that it had been found by oxperiment, that a
velocity of 20 miles an hour gives a standard pressure of 1 lb. per square foot;
that he had calculated what it would be by theory, and that the results were almost
exactly the same. And as the pressure varies with the square of the velocity, if a
velocity of 20 miles an hour gives a standard pressure of 1 lb. per square foot, a
velocity of 60 miles an hour would give three times three or 91bs., and a velocity of
100 miles an hour of five times five or 25 lbs, per square foot. This, however,
would be the standard pressure, Adding, therefore, 80 per cent. we get the pressure
on a plate for a velocity of 60 miles to be 162 lbs., and for 100 miles to be 45 1bs. ;
or, according to Sir Henry James, 18 lbs. and 50 1bs. respectively.

(71.) Professor Stokes was pressed very strongly by Mr. Bidder as to whether
such violent gusts as these, which would produce a pressure of 50 lbs. on g plate,
would not be only momentary, and whether they would extend over more than a few
feet in width ; but he answered (Q.16,248) «a very heavy gust will not be a mere
* momentary thing, though it will not be of any great duration ordinarily; it will

sometimes go on for two or three minutes blowing very heavily indeed.”” And as
regards extent Professor Stokes stated that, when we hear of g heavy gust being
confined to a very narrow track,” e considered that “ narrow » meant having a breadth

113

& guat, and thus one, which had lasted for half a mi
& considerable space laterally.” : _
- (72.) This very valuable and interesting evidence of Professor Stokes as to tho
force, the duration, and the exte

nt of a gust of wind full L
Astronomer Royal; who was then asked byg was fully confirmed by the

Sir Thomas Bouch’
reconcile that opinion with the opinion gi ouoR 5 counsel, how he could

» term “ very limited
must mean a point or onl a few feet, hut th C
Mm not at all hi o, Y ut the Astronomer Royal stated that

hat it might mean 100 or 200 feet, or even

um pressure of 40 or 50 1bs.

it did not necessarily follow that you would have the ssar(;fe e ey Sridge, but tha

: ress

gﬁ&:&i cgl;eojlfe?]%tht of (t))ngdof the spans of the Fortl Bx;i)dge.ur?ﬂgv:;idl ’(Zggtfii%
: 5 omirie 70 bridges were quite different and that that had iall
influenced his opmion; that the Forth Bridee hich - ois Brides i
be pushed e SO Bl 8% Which was a suspension bridge, might

_ ide gi-pressure, and would, when th

off, return to itg original position, without hav bai s e g
would be quite different Iv?vith such a,of)lridgagm a% iﬁit%l‘lﬁgd Bany ror sanding, ot i

ridge, standing, as he
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described it, «“ on high stilts,” for if once blown on one side and out of position, it
could not recover itself, but must come down.

(78.) Mr. Beott, indeed, seemed disposed to put the velocity of the wind even . Seote's
higher than either the Astronomer Royal or Mr. Stokes had done, taking a factor opimion.
of 3 instead of 24 given by Professor Stokes; and he gave instances of some very
violent storms, amongst others one that had occurred at Walmer, where for a width
of 450 feet to 700 feet it had carried everything before it. He also told us that about
the time when this bridge fell, the velocity of the wind at (lasgow and Aberdeen,
as recorded by anemometers at those places, with a factor of 3, was for some minutes
little, if at all, less than 100 miles an hour, giving therefore, according to Mr. Stokes,

a standard pressure of 20 lbs., or a plate pressure of about 45 lbs. :

(74.) We think, therefore, after the evidence of these gentlemen, that there can Probadle
be no reason to doubt that there may be wind pressures of 45 lbs. and even 501bs. mazinum
in this country ; and the difference between them and Messrs. Pole, Stewart, and Baker wind
is probably due to the latter having taken the standard pressure instead of the pressure presiures.
on a plate; a standard pressure of 25 lbs. being, as we have seen, equivalent to a
plate pressure of 451bs. according to Professor Stokes, and of 50 1bs. according to Sir
Henry James. We may add that the practice in France appears to be to allow 55 Ibs.
for wind pressure, and in the United States 50 lbs. And although there seems to be
no settled practice in England on the subject, Mr. Brunlees told us that he allowed
301bs. for wind pressure, and even Mr. Baker himself said that he allowed 28 lbs.

Storm of 28th December.

(75.) But although in rare and exceptional cases there may be a wind pressure of 40 s cha-
and even 50 lbs., and for which, therefore, it would be proper to provide, it does not Tacter.
at all follow that the gale of the 28th December last was a storm of that exceptional
character.

That it was a very violent storm can admit of no doubt, for some of the witnesses
speak of it as having been more violent than any that they had ever before experienced
onthe Tay. On the other hand one gentleman, a Mr. Charles Clark, living on Magdalene
Green, near the northern end of the bridge, and who has been in the habit of noting
and registering the state of the weather at Dundee for the last 14 years, told us
that during that time he remembered about four storms equally violent.  But perhaps
the most reliable information as to the violence of the wind on the evening in question
1s to be found in the evidence of the officers of the training ship “ Mars,” which
was at the time lying at anchor in the Tay about three-quarters of a mile to the
east of the bridge; and as the wind at 1ts height was blowing nearly straight
down the river, it may reasonably be expected that they would feel the full force
of the gale. According to Captain Scott, her commander, it was blowing a whole
gale, with what he would call a force of 10 (12 being the maximum), and in the
squalls, he said, it was, perhaps, from 10 to 11. He told us, however, that he had
experienced more severe storms, even in this country, and one or two * quite equal
“in_force in the last two or three years,” during the time that he had been stationed
in the Tay. Captain Scott also told us that he had had a great deal of experience
in the West Indies and the China Seas, and that during his career he had frequently
registered storms of the force of 11 to 12, very much more violent than that of the
28th of December last; as he observed, (Q. 1308) “ there is a marked difference in the
“ registering, the higher you go in figures, the more marked is the difference; there is
“ a vastly greater difference between the figures 11 to 12, than there is between the
“ figures 9 and 10.” Captain Scott’s evidence was confirmed by Edward Batsworth,
the Gunmnery Instructor, and by Hugh McMahon, the Seaman Instructor, on board
the “Mars,” the two men by whom the log was kept. There was also another very
competent witness, Admiral Dougall, who spoke of the extreme violence of the gale on
the night in question; and who told us that its force as compared with those
which he had encountered in the China and West Indian Seas, would be in aboub
the proportion of 75 or 78 to 100, or about three-fourths of their intensity.

(76.) Whilst, then, we are quite prepared to admit that it was a very violent storm, Violens, sus
there is nothing to show that it was exceptional in its character, or that it had anything not excep-
like the intensity of a West Indian cyclone or a Chinese typhoon. A storm, which, #onal.
according to Captain Scott, had been equalled in its intensity by one or two others,
which had occurred during the last two or three years, and according to Mr. Clark, by
no less than four within his own memory, ought hardly to have overthrown a bridge
within 18 months of its having been opened, if only reasonable provision had been
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i isi s made
to ascertain what provision wa
Ortlf:t? amount of lateral force would have
i have been properly constructed.

tadoan sgainst it It becomes therefore imp
i i ghtﬁss{lre, or, in other words, what A
been: reqv:xﬁedlt);o overturn this bridge, assuming 1t t0

Force required to overturn the Bridge.

ming the bridge to have bgen pro-
(77.) According to Dr. Pole and Mr.ﬁ&eg:‘l;g, iziﬁlired% if not held down ab its base,
1y constructed in all respects, 1t wo Iod st right angles to its direction,
gh £ 34} Ths, to tho squaro foot, spplied at right angles fo ite Fleetion,
o bavo vertur d it; snd with holding-down bolts, from 60 Tbs. 0 fiicient to overturn
ttg %:e ﬂ:r%ice of a Lttle under 33 lbs. would ha%e l‘tbseerI; tiz O thaw 64 The.
. . . 5 o ,
it without holding-down bolts ; andd?t;lo ﬁg%ﬁ;?gvi‘ff’in uoh, and i may therefore be
These asm‘m B w_ﬂl pe ﬁegg’e had been properly constructed, and in accordance
fury & = th?lt . t'liie t.x%n% it would have required a force of from 60 lbs. to
i it nd specifica 5 16 :
;é?bsflf Iii:ssdl?;ectlypat right angles to ha,ST(e %‘v]fﬁ::v]?;;zh’s Gounsel was 8o anxious
(78, %&e “tho maximy why_ ﬂ(}iWi:sEs}lllal"Z c1>:rer the area of one of these spans must
m&iﬁg g&?ﬁ?iﬁtﬁe germ “vyery limited Eglrrfg,cesf”fm:st ﬁf‘:}f 1?;;11:@ lzi,
i , few feet, and not some hundreds of feet, w ve
ci:II(;:I ?‘f};zr??féﬁggsiﬁge » compared to the whole width of the L;form. 1F(E) ,oltf
the maximum wind pressure over one of t];)es:ea spans Wg:oonlgoll% ibi-o t’?Otl ];%S-Sq;zl sehoulc'l,
and the force required to overthrow the bridge v]:?,sil I?ﬂ P oo S rgin; and
have had a factor of safety of between 6 and 7, which wouls el i g
i i ild still be a factor of safety o
even if the maximum pressure was 201bs., there wor oy & actor O Sately of
over3. On the other hand, if the wind pressure over an 9(111_ ris p1 cou ¢ ever bo
40 Ibs. or 50 Ibs., the margin of safety Wpuld be ridiculously s s A
zl?lcltlhzsbﬁdg: fx?gm the first woulflli)ave been quite unsafe, the usual factor of safety
Id being 4 or 5. ‘
we(%?) t&muut;gg, lfswe‘ver', the bridge to have been properly constructed, and to have
been capabls of resisting a wind pressure of 60 1bs. to 70 Tbs., it is.difficult to see liow
the wind alone could have overthrown it, even if it had been at its maximum of 40 1bs.
or even 501bs. to the square foot. It would seem therefore that we must look to
something beyond the mere wind pressure to account for its fall ; and this we are told
i8 to be found in certain faults and defects in the construction.

Defects in the Construction.

(80.) In the course of the examinations at Dundes, charges of a very grave and
compromising character were made as to the quality of the iron, and the workmanship
at the Wormit Foundry, which it was necessary to inquire into, seeing that it was at
the Wormit Foundry that all the columns for the high girders were cast. And although
all these charges were not fully established, enough has in our opinion been proved
to show that there were defects introduced into the structure, which should never
have been there, and which certainly did very seriously affect its stability. We will

groceed to nquire what they were, and whether they are not sufficient to account
or the accident.

~(8L.) And first as regards the iron, which was said to have been of inferior quality,
and from which we arp told it would not be possible to obtain good castings. It seems
that the iron was for the most; part Cleveland iron, sent specially from Middlesbrough
by Messrs. Hopkins, Gilkes, & Co., the contractors. Like all Cleveland iron, it was
more sluggish than Scotch, and required to be raised to a higher temperature
to make it flow freely, without which it would be impossible to get good castings,
particularly in the lugs and protuberances on the columns. The result was that
% Was 1ot popular with the Scotch workmen, who were ,

th a mo) ti » and they complained that a sufficient quantity of Scotch
scrap was not mixed with it. Even Mr. Beattie, the engineer, who had for some
time the control of the foundry works at Wormit for the contrs
thought that the i i

quality, gave, owing to ite sluggish charact
0 many cases very defective castings.
the columns, whaf are called «

t

t unfrequently found in
metal becoming chilled,

Thus, there were no
cold shuts,” caused by the
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before it had got round the mould; so that, when the two upper edges came together,
they would not unite, but left a longitudinal fracture in the side of the column. Scabs
also were formed by thé sand of the mould becoming displaced, mixing with the
metal, and floating to the surface, leaving an unsound place in the column, which
occasionally seems to have been filled up with lead or a material called “ Beaumont
egg,” a mixture of resin, steel filings, &e. Owing also to the flask or core of the
mould having been allowed to shift, the columns were frequently cast of very unequal
thicknesses. It is true that many of the columns, in which these defects existed, were
broken up; some, however, were passed, and were introduced into the structure; to
what extent it is impossible to say, the greater part of the columns of the high girders
being still at the bottom of the river. There is, however, conclusive evidence that some
of the fallen columns were very defective, having scabs and unsound places in them ;
and specimens were produced showing the metal on one side of the column to have been
occasionally only 3ths of an inch thick, while on the opposite side it was as much as
13ths thick. Indeed Sir Thomas Bouch admitted that there were some of the
columns, which he would not have allowed to pass, had he known of them. Under
ordinary circumstances, where there is a large margin of safety, such defects in the
castings might not be very important, the margin of safety being intended to cover
them ; but in the present case, where the margin of safety was absurdly small, they
cannot altogether be overlooked.

(82.) Butit was in the lugs more especially that the principal defects existed. They Cast lugs.

were, as we have said, cast with the columns; owing, however, to the sluggishness of
the metal, it did not readily flow into the pockets or hollows left to form the lugs.
The consequence was that many of the lugs came out in an imperfect state, and in
some cases an attempt was made to  burn on,” as it is called, a fresh lug by
making a mould for the purpose, and pouring in a sufficient quantity of molten
iron. It is obvious, however, that perfect cohesion between the parts could hardly be
obtained in this manner, for, as the metal cooled, it would necessarily shrink, leaving a
space between the lug and the flange, or between the lug and the shaft, and there
was strong evidence that this was so. We were assured, however, that none of the
columns, on which lugs had been so burnt, were introduced into the structure; and
that they had only been used to raise the girders into position, and had then been
removed.

(83.) But it was in casting the ““ holes,” through which the bolts, which held the ends Holes east
of the struts and tie bars, passed, that the greatest mistake was made. These holes were i fugs..
cast in the lugs, and were already made, when they issued from the mould. We were

" told,howeverthatit is almost impossible to prevent the workmen from casting the holes
conical, as the cores can then be more readily removed; and accordingly we find that
the holes in the lugs were for the most part, if not entirely, cast conical. The result was
that the bolts, instead of having a plain surface to rest upon, as they would have had,
if the holes had been drilled or made cylindrical by riming, or drilling, bore only on
one edge, and when a strain came upon them, they would of course give, until they got
a bearing upon the sides of the holes. That this was a defect, and a very serious
defect, was admitted by Sir Thomas Bouch himself in the following answers, which
he gave to the questions put to him by the Court :—

17,187. (The Commissioner to the Witness). You told us also that the bolt holes ought to have had the Sir Thomas
sides as you say, perfectly square or parallel P—They ought to have been. Bowuclk’s

17,138. And if you had known they were not, you would have had them rimed or drilled ?—I certainly evidence on
would. Probably if I had known it earlier, before much of the bridge was built, I should have had then ¢he poine.
squared—JI might have had them rimed out, but I would have calculated the strength of the lug before I began
to take the metal ont.

17,139. When you had them cast, you could have had the holes cast rather smaller, and you could have had
them rimed out ?—7Yes. :

17,140. That would have been better >—That would have been better. It isnot in the specification. The
specification says that the holes in the flanges are to be drilled, and it certainly is an omission in the specifi-
cation so far as the holes in the lugs are concerned. I think it was a fair inference that the holes should have
be(ix’ll ,(‘iiil%l.e%urely it was intended that the holes to contain the bolts should not be conicsl >—Yes. )

17,142. It says: “ All bolts to be made of Low Moor iron, or such other make as shall be specially sanctioned
by the engineer, and to be neatly finished, head and nut, and not projecting more than § an inch through the
nuts ; to be carefully forged and screwed, and made to fill the bolt holes ” 7—Yes.

17,143. So I suppose there is no doubt whatever, if that had been carried out, you would have had these
bolt holes with the sides perfectly level und perfecily parallel ?—Most decidedly.

17,144. It was a defect not to bave them so ?—It was.

17,145. The defect I understood you to be this; that the bolts would give till they got a fair bearing upon
the sides of the holes P—Yes.

(84.) Tt should also be observed that the holes from being cast would be neces- Boltsdid not
sarily irregular in shape and position, and as it would be quite impossible to cast them Jit truly.
Q 2066. F
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: ich went through

. 1 inches, while the bolts which g

aite e to size, they were %?ggeﬁ‘;rfncmie effect of these three things, r}amqu,
h.were only 13 inches m . the sides of the holes, the irregularity

ivi to get a bearing o 12 han the bolts, was to
the giving of the bolts g0 a8 10 les being larger than the ] W
of tgle hioles % :ﬁ;ﬁfr,‘n (%P;ﬁ;o; :]Illg Zggshgfe the ti%s and struts, which held the
give a certain

: le converted the hold on
columns in position. Moreovte;r _thencglxlléc:ildef%?ni t(-)fssh:h};g fi)t G‘C; o found, nader M.
the lug into a wrenching sfrain O :od in the same direction as when in
Kifk:l%y s tests, that, Wheza %16 f:ﬁag;s pi]%ph:jdmwithout any shock, the lug was
,bk;ﬁ:: }?;rtggl;oignﬂ’ni:g of gle pressure, which it should have done according to the
i ional area. . . . s
the m%gl%t fn:)t:hs;cf;g)r?gus defect in the constxl'luch(l)n of thtitb;';;lgz ‘éf:tlftlhﬂli:ﬁ:gi‘gt;ﬁ
: . ” ) he holes
of the holes of the outer or 18-inch co umg 3 chine. and they would
i or 15-inch columns were drilled by a s ey
mnMuﬁﬂyebﬁge to position and cylindrical 11111 ]fml‘xmd bWhen;n];)ol:)v;;‘lm}f ;ilci‘ﬁ?gg
; i ich een €

to make the 18-inch columns, the machine, which ha I h bt
i i for the 18-inch columns, and it was

the holes in the 15-inch columns, would not serve : i
ly for the purpose. The consequenco
iy nﬂ?.caf Salg {}O mﬁi: ?ﬁfﬁ%ﬁﬁﬁz %ad to beIzzasIé, with the same results
wssi,ndﬁlt’etg:se ofg (:heo ]izlgs through the lugs, namely, that they were conical in shape,
?:regulw in size and position, and gave play to the bolts passing through them, which
thus ceased to be steadying pins to the columms, and bore upon only one edge of the
holes. According, too, to Mr: Beattie, under whose m;permtendence these 1co_lumus
were cast, the holes were cast 11 inches in diameter, whilst the bolt§ were 1) inches
(Q. 10,048). This was the more serious, seeing that each of the 18-inch columns had
to bear not only double the superincumbent weight, that any of the 15-inch columns

had, but also the greater part of the wind pressure. . -

(86.) Our attention was also called to other defects in the comstruction; as for
instance, that the ties were secured by screwed bolts instead of pins, so that they
yielded with a much more moderate strain ; that the gibs and cotters were in many
enses roughly forged, and the slotted holes for their reception were roughly formed,
which would cause a slackening of the ties by the yielding of so many badly fitting
sarfaces ; that the struts were badly fitted, and did not abut against the columns; and
that the attachment of the | girder to the 18-inch columns was very imperfect and
insecure. The result of all these several defects, and especially of the play and
bending of the bolts in the holes, would be to loosen the ties, 80 that, when a lateral

pressure came upon the columns, they would be less capable of offering & resistance,
and would very readily get out of shape.

ey

i

Supervision at the Wormit Foundry,

(87.) And here it may be well to inquire what kind of supervision was excreised

ov;a: the W(:irks at dth;al Worr}ilit Foundry, where these columns were cast, for 1t 1g diffi-
cult to understand, how the numerous defects, to which we have called ationtion,
should have been allowed to '

ass, if there had been proper and rgons {:
superintend the work, P _ proper and competent persons to

(88.) And first as regards the contractors. The person, who had the chief control
of the works, on behalf of the contractors from first to last, was Mr. Grétho. Under
him were two chief ag

sistant engineers, namely, Mr. F ie, who we :
the works at the latter end of 1873g, and rem: ! vk Dosttio, who went to

ained there until about 12 months before
the bridge was opened ; and Mr. W. G. Camphuis, who went in August 1873, and
bridge had been opened. From
achan was the foreman moulder;

M

fﬂ;ﬁnﬂ rgglu?%btthsg Ogerg 1;})}i:minted, and were sent off ag they were needed to the
},y(gg,;g%? Ferguson, 0 e by Hercules Strachan, the rest

9.) Mr. Gréthe had of .
according to his oo acco(im :%irs_e the general superintendence of the works, but

Foundry was put under the m?r?agg;lxgeigecﬁl. ﬁowﬁzﬁge of Ironwork, the Wormit

- Deattie, who, we are told, had
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had experience in ironwork; but Mr. Beattie had other duties to perform, and could

not therefore be much at the foundry; nor does he appear to have tested the
columns by hydraulic pressure or in any other way, which would have insured the
detection of any unequal castings, and any defects in the columns; he trusted to

what he could discover by looking at them externally, and tapping them  with a
hammer. When however he left, the inspection of the foundry was entrusted to Mr.
Camphuis, who it is admitted had no practical or special knowledge of ironwork, and

his duties in connexion with the foundry were consequently “more of an adminis-
trative than of a technical kind;” to use Mr. Gréthe’s own words, “His ™ (that is,

* Mr. Camphuis’) « duties were to see to the stores, and to anything that was wanted,

“ and to exercise as much judgment as he could in going over the castings, but he

was not.a practical foundry man.” The result of course was, as Mr. Gréthe admitted, Charge left
that the chief responsibility for the columns being turned out in a properly sound @itk fore-
condition, at all events after Mr. Beattie left, rested with Fergus Ferguson, the foreman onter:
moulder. That this was a condition of things, which ought not to have existed, can

admit of no doubt whatever. It istrue that Fergus Ferguson and the rest of the
workmen were paid, not by the piece, but by day work; at the same time he would
naturally be disposed to pass columns, which a more independent person would not

have deemed sufficiently good, for the fewer columns he broke up, the greater testimony

would it be to his skill as a workman. Mr. Grothe told us that he discovered a
column, which had been passed to go into the bridge, and which he ordered to be
broken up, owing to defects which he found in it. This was whilst Fergus Ferguson

was the foreman moulder, so that in that instance Fergus Ferguson must either

have knowingly passed bad work, or have passed it without examining it. Practically,
therefore, there was no supervision of the works on behalf of the contractors, at all

events after Mr. Beattie left, and the answers which Mr. Camphuis gave to the questions

which were put to him on the subject, showed how unfit he was to have the superinten-

dence of the works, and how incapable he was to have detected any defects which

might have existed.

(90.) What then was the superintendence exercised by Sir Thomas Bouch and Supervision

his assistants over the foundry works at Wormit ? So far as we can see, none what- él,y/ o‘s;:as
ever. The person immediately under Sir Thomas Bouch was Mr. Paterson, a gentleman Boneh and
no doubt of large experience, but perhaps somewhat too advanced in years for a work 7is officers.
of this kind. He had an office at Dundee, but resided, we are told, at Perth, having
certain duties connected with the railway station there. Under him were two
gentlemen, Mr. Ralph and Mr. Butler. Now neither of these gentlemen has been
produced before us. Mr. Paterson, we are told, is paralysed, and therefore could
not attend; but where Mr. Ralph and Mr. Butler are, we do not know. There were
also a Mr. Wemyss, who we are told is now in South Australia; and Mr. Noble, whose
duties were confined to the brickwork and earthworks. As a fact, however, not one
of these gentlemen, o far as we are aware, ever made it a practice to inspect the works
at the Wormit Foundry, to see whether the columns were or were not properly cast,
or whether the bolt-holes, on which so much depended, were or were not cylindrical.
Sir Thomas Bouch seems to have left it to Messrs. Hopkins, Gilkes, & Co. ; they left
it to Mr. Grothe, and he left it to Fergus Ferguson. With such supervision, or
rather we should say with the absence of all supervision, we can hardly wonder that
the columns were not cast so perfectly as they should have been, and that the fatal
defects in the lugs and bolt-holes should not have been pointed out.

(91.) The best proof, perhaps, of the total want of any effective control and Thickness of
supervision over the work is afforded by the contradictory statements made by the melml in the
witnesses as to the person, who finally decided the thickness of the metal, which cofwns.
was to be put into the columns. Fergus Ferguson, the foreman moulder, told
us that the specified thickness both of the 15 and. of the 18-inch columns was
to be 1 inch, but that he had cast them all above that, some 1} inch, some 12 inch
(Q. 8034); and on being asked by whose authority he did it, he said, (Q. 8085a)

“I just took it upon my own responsibility to do so. I thought it better to give
an extra thickness than have them the other way.” When, however, Mr. Grothe
came to be examined, he stated (Q. 13,727) that Fergus Ferguson had not taken
it upon his own responsibility, for that he (Mr. Grothe) had instructed him to
do 1t ; he said, (Q. 13,728) « Ferguson’s words would be exactly my words, because
I took it upon my responsibility for the very reason he states.” Further on he stated
(Q. 18,731) that the first orders were that the 15-inch columns were to have
l-inch thickness of metal, and the 18-inch columns 11 inch; but that that was after-
wards altered, and orders were given that they should all have l-inch of metal. He
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th deseriptions of columns, and he answered,

= tal would not be sufficient for that
« Yes. I had no doubb myself that the 1 mch(plc?i?l ;ngto the model) is larger, and as

i this column ¢ :
"« o, bug - g:ui;ax?)%m{fhgf méi?a,l, when 1t i8 poqred into phe mould, 'mCII ez:;sef:i
) ﬂ;ec:)llll):;:r WIIf)Sl}Z‘l the size of the core, without saying anything about 1it, o
“ ) R

< 1 in order to allow for any inequality,
. Fe;gus Fergusorllm‘r(;gtm;lli tx};%%dlst;]];gh,pll:ce, in consequence of the _Increase
e Waﬂf aihe core.” It was stated by counsel that, when Mr. 91’0’5116 said
:haotf l&he“il:?l (1)10 doubt ‘that the l-inch metal would not be sufﬁmqnti 1&(13 meant
that h: thought that it would be sufficient; %’l}f magfogee 521,. %lfxl-l(f)[‘lilgolrlnfs 1}13% d g;l sggﬁz

i is answer. en, , )

2 ﬁaﬁ:eéh;laggm%aggf ]ilt was by his orders that the 18-inch columns had
been made 1} inchea thick ; and Mr. Stewart told us (speaking from ém eng,ry Wh]}f'h
he made in his diary at the time) that, to the best of his behef,‘:;tn '?da: as 1;3
knowledge went, it was on the 6th of April that Sir Thqmas’}Bouch deci eS. . % hma, 8
the outer columns 1} and the inner columns 1 inch thick ;™ but x\rhetheli1 ir L Olnﬁ,s
Bouch gave the order for it to be done, is not quite so clear. Whether thgzn the
increase in the thickness of the columns was made by Fergus Ferguson on gowu
responsibility, or by Mr. Gréthe on his responsibility, or whether Sir Thomas Bouch
ordered it; or, again, whether it was both the outer and the inner columns, the metal
of which was increased in thickness, as Fergus Ferguson said, or whether only the
outer columns, are questions which are left in the greatest doubt. The statement,
however, that is made that either Mr. Grdthe or Fergus Ferguson should, as agents
of the contractors, have taken it upon themselves to increase the thickness of the
columns, without communicating the fact to Sir Thomas Bouch, seems somewhat
strange, seeing that payment was to be made according to the weight of the metal
supplied, and that an increase of 25 per cent. in the thickness of these columns would
increase the cost considerably.

was then ssked whether this applied to bo

Maintenance of the Bridge.

(92.) And now let us see what steps were taken to maintain the bridge, in an efficient
gtate. It seems that, after the bridge was completed, an arrangement was made by
the company with Sir Thomas Bouch, thatin consideration of an annual payment to
him of 100/, he should continue to watch over its condition. The company’s engineer
was to have charge of the permanent way, but all below it, including of course the
piers, was to be under Sir Thomas Bouch’s supervision ; and that arrangement was
in force when the accident occurred. Sir Thomas Bouch’s chief anxiety appears to
have been, not so much for the iron work of the bridge, as for the foundations of
the piers; and accordingly Mr. Noble, with a staff of men, was placed at his disposal
for the purpose of taking soundings, and of filling up any holes that might be found
about the piers by the scour of the river. Aga faot this proved to be a very necessary

precaution, and large quantities of stone and ballast were, under Sir Thomas Bouck's
dx:gcmopsédthrown nto the river round the piers to prevent the foundations being
undermined. :

(93.) It seems that s0-early as September 1878, the railway havi '

‘ ; , y having been opened for

passenger traffic in the preceding June, Mr. Noble, whilst employe%i in ta.kiI;qg these

soundings, heard what he described as a chattering of the tie bars, and on climbing

1;1‘;()) I::h:n I:lle;zt}];e fgund ]fome of them loose. He accordingly purchased some strips of
) Out, as he says, communicating the fact 1 ie

the iron between the gibs znd cotters to tiggh  up the ey, ¥ o 10 suzal e

€ { . ten up the tie bars.  He continued to do
this from time to time, and had, he told us, in this i i
pieces, before the fall of the bridge took place. %ag 5t 3y oo pout 150 packing

Ist 50 @ d, Mr.
dxscqvered one qf the columns under the high girders and Itl:ghigee i’thlheN(r)lglilﬁjg
, and he immediately

. took steps to hay roled
In a way which seems P e them encircle

with wrought-iron bands, 0 have met with the approval of Sir

Thomas Bouch.

Pt r his regular occupa,tior,l at
with the bridge. of railway, which was to connect Newport

i : Seems to h
pelby o, W L byl M
. 4 1rec .
nor indeed does anyone appear to have beeg O;ger(},?ﬁaz Bouch to look after the piers,
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act on Mr. Noble’s part. Whether Sir Thomas Bouch himself made any inspection of
the piers during this time, does not clearly appear; his attention seems to have been
more particularly directed to prevent the scour of the river from undermining the
foundations.

(95.) It was contended, however, that, whether this was so or not, the step taken by Did the
Mr. Noble in introducing these packing pieces between the gibs and cotters was the Packng
proper step to take, and that it had the effect of tightening up the ties and of bringing ﬁ:;f:,, up
the columns to their bearings. It was said that the columns, being rigidly bolted tie tic bars?
down at their bases, would by their own elasticity return to their original position, as
soon as the force, which had deflected them from the vertical, had ceased, and that
it was then that the ties would chatter, their attachments having been extended;
but that, when the packing pieces had been inserted, the tie bars, being shortened,
would renew their hold upon the columns. But this argument proceeds upon the
assumption that the columns were rigid throughout their whole length and rigidly
bolted to their base plates; but this can hardly be said to have been the fact, seeing
that the bolt holes of the flanges of the 18-inch columns were conical, and that the
holes were considerably larger than the bolts, which would allow a large amount of
play. If, too, a column had once got out of shape, it is not easy to see how the
merely putting in of a packing piece with a hammer could have brought it, with its
superincumbent load, back into position. It is more likely that it would have con-
firmed it in its distorted form. _

(96.) And here it may be well to refer to a somewhat extraordinary statement, Alicged in-
which was made by Mr. Stewart, the gentleman who assisted Sir Thomas Bouch in ¢reuse of
preparing the designs for the bridge, who was his principal adviser during the building, 7251521)'&%
and who has been his right-hand man throughout all these proceedings. Mr. Stewart '
stated that the loosening of the ties “ would add to the strength of the structure,” as
well as to its stability. Mr. Bidder endeavoured to make out that this suggestion that
it would add to “ the stability of the structure” had not originated with Mr. Stewart,
but that it was due to what he called * the adroitness™ of Mr. Trayner. That there
may be no mistake on this point, it may be well to quote what the witness said in
answer to questions put to him by Mr. Trayner.

19,139. (Mr. Trayner.) Without troubling you for that, let me put to you this question : supposing these
ties loosened to the extent of a quarter of an inch, would that have materially aflfected, in your opinion, the
stability of the structure P—Not in the least. I may sayit is a very remarkable thing that the loosening of
the ties, somewhat beyond what Dr. Pole and I caleulated, would add to the strength of the structure, by
bringing into play, first of all, the resistance of the columns to bending to a greater extent. It also hrings the
diagonal ties somewhat more into play.

19,140. Do you mean to say that the loosening of these ties to the cxtent of a quarter of an inch woull
have made the structure more stable than it was when it was newly tightly braced up ?—According to the
calculations, as a matter of fact, it would.

19,141. Then it was a mistake to tighten them up ?—You may draw that inference, if you like.

19,142. Is not it the necessary inference from what you have said ?—No, because I think it is not a thing to
be depended on. If one extends a quarter of an inch, others may extend half an inch.

19,143, Take the hypothesis that is put to you, that these tie-bars were giving to the extent of a quarter of
an inch, do you say that would add to the stability of the structure, or that it would detract from the stability
of the structure >—Of course you mean this and the one opposite (pointing to the model)? It would add to
the stability of the structure.

(97.) The witness then went on to say, that « if Sir Thomas Bouch could have put
“ in some kind of spring that would have a yielding of a quarter of an inch, it would
“ have added to the strength of the structure.” He was then asked,—

19,147. That being so, T am curious to know whether you can suggest any reason why the structure was
made less stable by the tightening up of these bars and making the structure as rigid as it was when General

Hutchinson saw it >—No, I do not suppose I can. N
19.148. It was a waste of energy, was not it, to tighten them up when the result was to lessen the stability
of the bridge ? You cannot suggest any reason for that ~No, it is very hard to answer tliese philosophical

uestions. . .
4 19,149. In a general sense, does not the stability of a bridge depend on the rigidity of its columns, fo a

large extent at least 7—-Certainly.

If Mr. Stewart’s theory was correct, the stability of a ship’s masts would be
increased by the loosening of the shrouds. )

(98.) Before we leave the question of maintenance, it_may be well to say a few Speed of
words in regard to the speed, at which trains were allowed to cross the bridge. the trains.
Tt has been said that iu General Hutchinson’s report of the 5th of March there
was a recommendation that it would “ not be desirable that trains should run over
the bridge at a high rate of speed,” and he suggested ““25 miles an hour as a limit,
which should not be exceeded.” This seems to have been interpreted by the servants
of the Company to mean that from station to station they were not to go at a greater
average speed than 25 miles an hour, and this they seem to have dome. Seecing,
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the cabin at either end-to iedu&f t}{)(; S)Ifed a.xi)cjlf
. i der to take the ,

miles an hour 1n order to i that, if the

thﬁade tt;a . 1:to niglllnnet ta;vlo ilf;hq;rﬁzfore rea,chingt th?f S;én gﬁﬁ; ta: ﬁEZ;'Olililsley must hav};

en 1o : in at the rate o > b ab o

. : bin to cabin & o 1 and on the summit, at a

did the distance from cabin i irders, where it is leve d of th

: h the high girders, Whel made of the speed of the

been going throug No complaint, indeed, was m: t 1 in 74 from

very much grea%erfo?ﬁgy ha,do to mI:)unt a very steep mc%lllne 1(,)if }?bg(gi-der;, i
f:i:ms lgﬁmg %Oi;xlt until they had passed over four spans of the g

the no cabi, *

. : ins poing north it was different;
distance scross the high girders Buttfl%)rzh?;hgaroadgvaygfa,lls for t,he }Cil'st three
starting from high ground on the sou an ber which 1t rose by  gentle incline at first

it is then level for the next three, after w 4 the second pier of the high
o i d thon of 1 in 490, until it reache at the rate of
of 1 in 853, m%t wa: level for six spans, and then fell for the ﬁrsii s'pan72L oo o
?ders, Whe(ilcf?) ; the last four spans very rapidly at thp rate of dlgll tl.le way trom
i a? the engine drivers was that they were getting up spee mit. and” when
gridence o 651 glbin and that it was only after crossing the sum It, ke o
leaving the w0u to Z;e ir';cline to the north, that the bra:ke was put on. 18 Of ee(‘i
mﬁi gzﬁa%nthe traing going nmorth must have attained a very high rate of sp
before putting on the brake to go down the incline. hich the train passed through
(99.) But the best evidence as fo the speed, at whic f Dundee, and
irh oi s given by Mr. William Robertson, ex-Provost o ) |

e grders,ev;a?ngze:ndy therefore able to speak with authority on the iublec’pi
et Sl o s - 5 o e o
of the high girders .in 60 seconds, which would give cc,a) {the Qistancs being it, i
a speed of 35°78 miles an hour; and that on two of g e bmec 16 10 0 B¢

distance in 50 seconds, which would be at the rate o ) ot
i d to could not have attained so great a
attempted to be shown that the trains referre hot for tho Jont Ao spans of tho
rate of speed, but it seems to have beel.l forgotten that for the § Fpans of the
i i he north there is an incline at first of 1 in 180, and for the las
?;gl s%la.n: rgf Ol].l'uii 7"3 4, in going down which of course almost any speed could hzwg;t 1;):::11
obtained. As a proof that ex-Provost Robez:tson thought the speed da.ngexﬁ)us,ll L1 ()l
be mentioned that, although he had a season ticket to go both ways between uni ee El'l .
his residence at Newport, he cea,se]d befé)re the bridge fell to travel northward, while

i inuing to use it going southward. : ) )

Sn}ll(c)g.l;tlz‘t?:l%lere it maygbe g;nent;:ioned that, according to the evidence of the engine
drivers, the brake was generally put on, when going north, at about the thnq or
fourth span from the end of the high girders, that is to say, when they had got on
to_the northern section, and were descending the steep gradient of 1 m 74.  Now.
without going quite the length of saying with Mr. Bidder that the vis viva, which
would thus be lost, must ultimately be transmitted absolutely undm:nm.shed to t}m
lowest pier, there can be no doubt that, applying the brake, when the train was at its
highest speed, must have put a very severe strain on the piers, which would have been
carried down the columnus to their bases; and as this generally took place, when the
train wag on the northern section of the high girders, and would be repeated by every
train going north, the columns of this section would, by being subjected to these heavy
straing, be weakened, and would probably be the first to give way. These con-

siderations give some strength to the statement, to which the evidence seems to point,
that it was the northern section which went first. '

True Cause of the Fall of the Bridge.

(101) Although then this bridge, if properly constructed in accordance with the plans
and specitications, might, as we are told, have been capable of resisting a lateral pressare
of from 60 lbs. to 70 Ihs. per square foot, and a very much greater wind pressure than
was probably brought to bear upon it on the eve

ning of the 28th of December; it
hy no means follows that, constructed and maintained ag we have seen it to have been,
a very much lower pressure would not have sufficed to blow it down. With its conical
bolt holes in the lugs and in

: s—with its lugs, shown
hy experiment to be unable to bear more than one-third of the pressure due to their
sectional areas ;—with the wingd ties, by which the columns were held in position,
loose ;—with no eff

ective supervision of these cast-iron columns and their attachments
to see that they w

ere doing their work properly ;—with all these and the other defects,
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to which. we have called attention, can there be any doubt that, what caused the
overthrow of the bridge, was the pressure of the wind, acting upon a structure badly,
built, and badly maintained.

(102.) What probably occurred was this. The bridge had probably been strained Racking
partly by previous gales, partly by the great speed at which trains going north were motion set
permitted to run through the high girders. The result would be that, owing to the %
defects, to which we have called attention, the wind ties would be loosened; so that,
when the gale of the 28th of December came on, a racking motion would be set up
between the two triangular groups, into which the six columns forming each pier
were divided. This would bring a great additional strain upon the wind ties between -
the 15-inch columns which connected the two groups of columns together, and which
would receive comparatively little support from the ties between the outer 18-inch
and the two nearest inner columns, owing to the angle which they made with the
line of pressure. The strain, too, upon the lugs being greater, as you descended
the columns, the places, at which the columns would naturally give way, would be -
near their bases; unless, indeed, a weaker spot should display itself higher up, as
appears to have been the case in piers 29 and 30, where the two lowest and the
lowest tiers respectively are still standing. Whether, indeed, the lugs or the holts
went first, it is impossible to say; but as soon as one went, an additional strain
would be brought upon the other, and the columns being thus without support, would
naturally fall over to leeward, as some of the witnesses described it, like a pair of
rulers.

(108.) That the separation took place near the base of the columns seems clear Separation
from the position, in which the three sections of the high girders were found lying in the near the
bed of the river, each describing an are, with its concave side towards the piers, being i%ﬁg{:’”
furthest off where there was a fixed bearing, and nearest where there was an expansion ’
joint ; which is what might naturally be expected, if the fracture occurred near the
base ; for the girder, being free at the expansion joints, would much more readily slip
off the top of the columns and fall to the bottom as the bridge inclined; whereas,
at the fixed bearings it would be held on, and so carried further out. The fact, too,
that opposite to pier 29 the girder is mearer to the piers, than it is at the next
expansion joint, seems to confirm this view; for the fracture in that case took place, as
we have seen, above the second tier from the base, so that at that pier the columns
would have five tiers instead of seven on which to turn, and would consequently not
be carried so far out.

Defects in the Design.

(104.) Apart, however, from all these defects in the construction, to which we have Insufficient
called attention, which are sufficient in our opinion to account for the fall of the "":1‘2.91‘.“ of
bridge, the question remains, whether there are not some defects in the design which stabiiaty.
must sooner or later have brought it down. We were told, indeed, that it was no part
of our duty to say how or in what manner the bridge could have been strengthened,
that there were a hundred ways in which it could have heen done, but that this was
not the question, and that all that we had to do was to say, whether it was strong
enough. A bridge, however, which with good materials and workmanship is computed
to be able to bear only from 60 Ibs. to 70 lbs. of lateral pressure per square foot, and
which may be subjected at any moment to a wind pressure of from 40 Ibs. to 50 1bs.,
can hardly be said to be sufficiently strong; for there may be latent defects in the
material or the workmanship, for which we are told that it is usual to allow a factor
of safety of 4 or 5; and it is therefore not right to build a structure with so narrow
a margmn of safety. We shall therefore proceed to point out what are, in our opinion,
the defects in the design, which it will be necessary to avoid if the bridge is to be
reconstructed. . S

(105.) And first it is very greatly to be regretted that Sir Thomas Bouch, when he Mistakes in
was designing the bridge, did not take greater pains to ascertain the nature of the the-aayings.
foundations, on which the piers were to rest. Itis said that he was deceived by the
borers, not of course designedly, for they would have no object in so doing. But
what right had Sir Thomas Bouch in a matter of so much importance to trust solely
to the word of the borers? It is idle to suppose that, if he had looked at the core
which was brought up, he would not have been able to ascertain, whether it was the
same rock, which isto be found on each side of the river, or that a bed of conglo-
merate could have been mistaken for it. And if he had found that they had come
upon a bed of conglomerate, it was his duty fo have pierced it with a view of ascer-
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. il i ich he designed to
Ve : £ orting the brick piers, on Wl}m
mmgbyhet}:lgr 1t vﬁa:dcat]])laéblsoﬁdsgggk . xigted, a3 was_t00 hastily supposed, at a
sce his b(lil %i below the bed of the river, so that brick plers_coulct have been built
mg:;ﬁl:he flz)Iczttom o doubt the bridge would have been standing at the present day.
“ J g

On the other hand, had it been known that below this thin bed of conglomerate the

£t sand and mud, either a .
Eh?:ng?dggs v?:tll dsltx)ave been carried across at some mt?]:e fa,yourable spot. The mistake,
] ini a8 a very grave one, and for Wl_uch ere 18 N0 excuse. ‘
Wider Base " (Ollg(icspl'i‘lil%n;u;‘;t questi{n% to be considered is, whether the hexagonal form of the

adwisble i i 3 it, v alculated to give
. pi ) in which the columns were arranged upon 1t, was calcu ,
si‘;rl’_ aﬁsffee :;gunt of stability to the structure. To use General Hutchinson s words
‘;rf;l one can say that a broader base would not be a desirable thing.” Now, in
- i3 ., . p
way could this additional base have been given : .
Caoon Wh(?tﬂ’l .)YAnd first, as regards the caissoms. They were, as we have seen, 31 feet in

i " There seems,showever, to be no reason why they should not have been
zﬁifc[;:ed{g an elliptical form, say 34 feet long by 28 feet broad, which wm‘xl‘d ha:wlre
given about the same bearing surface for a foundation, would have been morc easily
sunk in the river from offering a less resistance to the stream, and would have
afforded a much longer base east and west, on which to build the piers which were to

the columns.

i (I08.) Again, the hexagonal arrangement of the columns with two outer and four
inner columns was not advisable. As has been already pointed out, owing.to the
girders, which formed the sides of the bridge, being placed midway between the outer
and the two next inner columns, the two outer columns had to bear ag much as the
four inner columns together, or half the superincumbent weight, so that each of the
outer columns had to bear one quarter of the weight, whereas the inner columns had
ouly to bear one eighth of it; added to which the outer columns had to bear the
greater part of the lateral wind pressure. And although the inmer columns were
15 inches, whilst the outer ones were 18 inches in diameter, this was by no means
safficient to compensate for the extra strains, which the outer columns had to bear;
and it certainly seems that it would have been better to have had two outer colunns
instead of only one on each side. It would have given a wider base, and therefore
increased stability to the structure; it would also have had this advantage, that if
one of tbq outer columns had failed, the bridge would not Tnecessarily have fallen,
whereas with only one outer column on each side, the failure of any one of them would
cause 1t to fall at once. This consideration seems not to have been disregarded
by Sir Thomas Bquch, when building the Beelah Viaduct, for although in that structure
there were only six columns to each pier, they were arranged in two parallel lines
across l‘ohe bridge, four of them as outer and raking columns, and two only as inner
33:*:; ; xc:i cfonver_se of the arrangemen!; in the Tay Bridge, where there wero only two

'rand four inner ones. It certainly therefore appears that it would have been

in the centre; and this arrangement t ti
to bave been intended. Why it was not carri Bh0b I onr oriaton. boon
satistaotortly sopad ¥ 1t was not carried out, has not in our opinion been

Carisaon (109.) It was said indeed that the caisson, with g di
e A : > a diameter of 31 feet 1 not
m:: :z‘;u f:agl(:’l nl(’;f:g Z-'hplell', Whlgllll Wﬁmld ﬂnave carried the columns in the way s%eg{’;;;z;g(- {)lﬁt

St iing, e plan will show that this is not the case, and that e i -
have been constructed, which would hav. i & o ier might easily

. : ) d the eight col i 2
lines, and with the outer columng } at the £ o Ran 8n, ‘o pers &

i placed at the same distance fr h
outer columns were in the bei A 5 sotalls g om each other, as the
s 1 tructed, namely, 21 feet 10 i
centre to centre. Indeed, it was admitteyd bnsM G e
seujile space on he i of’the it o b y Mr. rot}}e Q. 13,667)_that they had
eight columns. Tt was objected i Uﬂd}ng b bncggvsg}]f ill;ﬁcilgnshz?} :?;Ppi?ﬁ‘g
petat . [¢]

ck rim of the caisson, whilst
been safe, brickwork and concrete not being, and that that would not have

Bouch, however, could hardly have remembe il homogencous. Sir Thomas

hexagonal piers, which carried the columns, Wer ed, When giving this answer, that the

in th . re faced in the lo i :
Cﬂiﬂﬁ(gl,ug erchfrtrz Wil?ﬂ;,h e, i that the whole rested 01‘:’ ezliarzo“r?ciitlémcé{ ?ﬁg
therefore thizk th ot the hexagonal pier being also filled with g

ab there is much in this concrete.  We do not

objection.

55

1839_resourceC_New.indd 55 @ 1/3/2007 5:34:09 Shobha



®

T839 FORENSIC ENGINEERING

43

(110.) Another advantage, which would have resulted from the columns being Outer wind
arranged in two parallel lines of four each, would have been that the wind ties “**
connecting the outer with the next inner columns would have acted directldy in the
line of the pressure; instead of as in the actual structure at an angle of 45° so that
they gave very little support to the inner columns.

(111.) Another great objection to the design was that the | girders, which covered 7ie
the tops of the two triangular groups of columns, were not connected, as they should L girders.
have been, so as to have formed a continuous girder over the tops of all the columns.,

This would have given great additional stability to the structure by binding all the
columns together. As it was, the two groups were held together merely by the struts
and ties between the columns, which were therefore liable to get out of shape.
There was not a witness, we believe, unless it was Mr. Stewart, who did not say that
the connexion of the two L girders at their ends would have given increased stability
to the structure. .

(112.) Another defect in the design was the omission of the spigot upon the lower Owission of
tier of columns, in consequence of which there was nothing but the pinching action of Zf‘;'f‘ “
the flange bolts to prevent the columns from shifting their positions on the base
pieces. It was said by Mr. Baker that the mere weight of the columns with the
load, which they bore, would produce such an amount of friction as to render them
immovable on their base pieces, but he clearly overlooked the fact that, according to
the calculations of Dr. Pole and Mr. Stewart, a pressure of 201bs. of wind would
suffice to relieve the outer windward columns of all pressure, and to bring a tensile
strain to bear upon the flange bolts.

(113.) But the greatest defect of all was in the cast-iron lugs, to which the ties and Cast-iron
struts were attached, and in providing not only that they should be cast with the Zxgs and
columns, but with the holes ready made. It is to this, and to the casting of the holes holes,
in the flanges of the 18-inch columns, and to not seeing that these holes were made
properly cylindrical, and that the bolts fitted them accurately, that the weakness of the
piers and the fall of the structure is mainly due. We have dwelt at length on these
points, whilst discussing the question of construction, but they belong also to this
part of the subject, for it was part of the design that they should be so cast.

Comparison of Tay Bridge and Beelal Viaduct.

(114.) But perhaps the best way of showing the defects of the Tay Bridge will be Description

by comparing it with another somewhat similar work erected by Sir Thomas Bouch of Beelak
gsome time before; we refer to the Beelah Viaduct, situate about four miles from the Fiaduct.
town of Brough, and which carries the South Durham and Lancashire Railway across
one of the wild mountain gorges in Westmoreland. The description of this viaduct is
taken from a work by Mr. William Humber, entitled “ A complete Treatise on Cast and
‘Wrought Iron Bridge Construction.” The viaduct, which is 1,000 feet long, is carried
on “15 piers of varying heights, according to the section of the valley,” each of the
spans being 60 feet from centre to centre. Each pier was composed, of * six hollow
“ columns, placed in the form of a tapering trapezium, and firmly bound together with
“ cross girders at distances of 15 feet perpendicular, and by horizontal and diagonal
“ wrought-iron tie bars.” The columns, which as we have already stated, are arranged
in two parallel lines of three cach, have an extreme distance of 50 feet from centre
to centre on the base, tapering towards each other as they ascend, until at the top
immediately under the platform girders, they are 22 feet apart from centre to centre.
“ The taper ” we are told, “is givenin the foundation piece at the base of each column,
‘¢ which foundation piece is firmly bolted to a stone base, the upper surface of which
¢ ig bevelled at such an angle, as will produce the taper required for the columns.
Thus the columns have all their flanges square to the centre line, which simplified
¢ the fitting very materially. The depth of the stone foundations, varied according to
¢ the nature of the ground, and the height of the piers, but in almost all cases they
« went down to the solid rock.”

(115.) “ We are told that it is a distinguishing feature in this viaduct, that the Cyoss
‘ cross, or distance girders of the piers encircle the columns, which are turned up at girders.
¢ that point, the girders being bored out to fit the turned part with great accuracy.
¢ No cement of any kind was used in the whole structure, and the piers when com-
¢ pleted, and the vertical and horizontal wrought-iron bracings keyed up, are nearly
¢ as rigid as though they were ome solid piece.” Further on the author says, “ The
¢ fitting was all done by machines, which were specially designed for the purpose,
¢ and finished the work with mathematical accuracy.”
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(116} * The flanges of the dc?;zg)m:hgil;:e-bzﬁ) v;fa;;:dm};]}-l aamlil pﬂ;ebgut »§g of an in(g;
; me evi,rytﬁ()liliml;n?la:hztz%giet for it being actually turned and bored. 'Ji‘lha.t lp;oi'tlon
. ot 1 o ainst which the cross girders rested was also turned. The whole of
‘: of the co uxgn ggwere performed at one time, the column being cept?ed n a ]_10]10.W
“ these O'ﬁrih on After being turned the columns passed on to a drilling machine, in
: AR ilath e.holeg in each flange were drilled out of the solid simultaneously. And
“ iy gone with them all in the same machine, the holes, of course, perfectly
i &‘thl'?iegavihen the columns were placed one on the other in the progress of erection.
“ gq::ﬁl care was taken with the cross-girders, which were bored out ab the ends by
“m h?;es designed for that purpose. Thus, when the pieces of the viaduct had to
“ ﬁ&;ut together at the place of erection, there w?stﬁlteraﬂg”not a tool required, and
“ nei ippi i retard the progress of the work.

?fighfrlihi? ptl:u%aoihgimzﬁ; ti?he deepest I;ar%rthis viaduct stooq 195 feet above t.:he
gmund'. Look at it, however, with its spans of 60 feet ea,c.h ;—1its columns, of which
four are outer raking columns, with a bage of 50 feet, tapering up to 22 feet at the
top ;—its horizontal cross-girders encircling the columns at every 15 feet ;—its holes
all carefully drilled, and all the work done.mt_h mathematical aceuracy b_y machines
designed for the purpose. And compare it vylth th'e Tay 'Bndge, with its spans of
245 feet ;—its six columns, with a taper of 12 inches in a height of more than 80 feet,
and with only one instead of two raking colux_rms on each side ;—its cast-n‘o_n lugs
with the holes cast with them, to which the ties and struts were attached ;—its two
L girders unconnected with each other ;—its conical bolt-holes in ‘the flanges of the
outer columns. And the only conclusion to which we can come is, either that the
former was extravagantly strong, or the latter nordinately weak. )

(118) Sir Thomas Bouch was asked by Mr. Barlow, why he deviated from the

-

“ plan which he had adopted in the Beelah Viaduct, and he then gave the following

rather remarkable evidence.
17,214 (Mr. Barlow.) Do you remember what description of horizontal ties wero used in your Beelah
visduet P—Yes.

17,215, What did the horizontal ties consist of; from the drawing I have seen they appear to consis_t of
girders placed quite across betweon the columns ?—That is from column to column ; yes, and the ties go into
them

17;216. In this structure you departed from that construction >—Yes,

17,217. Why did you depart from that construction ?—I can only tell Ayou this, that I had a different idea
of the force of the wind at that time before I got the report on the Forth Bridge.

17,218, (The Commissioner.) Is that the only reason why you did away with those ties ?
much more expensive ; this was a saving of money. ;

(119.) Mr. Humber says that the Beelah Viaduct was one of the lightest and
cheapest of the kind, that hag ever been erected. Apparently, however, Sir Thomas
Bouch was of opinion that g lighter and cheaper structure would ‘do for the Tay
Bridge, although one Span of the latter was more than equal to four spans of the
viaduct, 50 that for the same length of girder, for which 30 columns were considered
necessary in the viaduct, the Tay Bridge had only 12, and those of g very inferior

—They were so

construction.

Responsibility for the Accident.

(120.) The conclusion then, to which we have come, is that thig bridge wag badly
designed, badly constructed, and badly maintained, and that itg downfall was due to
inherent defects in the structure, which must sooner or later hav.

e brought it down.
Ror these defects both in the design, the construction, and the m oo Sir T

> A 1 aintenance, Sir Thomag
¢h is, in our opinion, mainly to blame. For the faults of desi

responsible. For thoge of construction he ig principally to blame in

R

C not ha,ving exer-
cised that su L over the work, which would h )
apply a rameé to €2 would have enabled him

8 . . ‘ 8 of maintenance he ig also principall
; u’:;mmlz,m tohblam:e in havm_g ?e%lected t0 maintain such ap inspegti?;lgvcg tﬁré
> 58 16 eharacter imperatively demanded. Tp 1o cu: S
must be jndged by the stq.tep of ouryknowled " ..1s rosmme i Thomas g
snd l;‘(;llt the bx_'xdgg. e it sg, yet he knew or might have kn
gweers in France made an allow i
s 20 i Stan 2L I:) :1111% of 551bs. per 8quare foot for wind

57

1/3/2007 5:34:11 Shobha



®

T839 FORENSIC ENGINEERING

45

westerly gales; and not only does he make no allowance for wind pressure, but
actually builds the bridge weaker and lighter and with wider spans, than in his
previous works. To have built and designed a bridge which, if properly constructed
n all respects, would only have borne a lateral pressure of from 60 lbs. to 701bs. per
square foot, when a pressure of 40 to 50 lbs. of wind was quite possible, was a grave
error of judgment. Whether, too, the calculation of its stability, or the maximum
pressure of the wind be or be not erroneous, matters very little ; the bridge fell in a
gale of wind which, though violent, was not one, which could not and ought not to
have been provided against ; it fell solely by the action of the wind ; either then the
margin of safety was too low, or the defects too great. In neither way can Sir Thomas
Bouch escape his responsibility.

(121.) We think also that Messrs. Hopking, Gilkes, & Co. are not free from blame Responsi-
for having allowed such grave irregularities to go on at the Wormit foundry. Had bility of the
competent persons been appointed to superintend the work there, instead of its being Contractors.
left almost wholly in the hands of the foreman moulder, there can be litfle doubt that
the columns would not have been sent out to the bridge with the serious defects,
which have been pointed out. They would also have taken care to see that the
bolt-holes in the lugs and flanges of the 18-inch columns were cast truly cylindrical,
or, if that could not be done, they would have called the attention of the engineer or
his assistants to the fact; but that does not appear to have been done. The great
object seems to have been to get through the work with as little delay as possible,
without seeing whether it was properly and carefully executed, or not.

(122.) The Company also are in our opinion not wholly free from blame for having Zke Railway
allowed the trains to run through the high girders at a speed greatly in excess of that, Company.
which General Hutchinson had suggested as the extreme limit. They must or ought
to have known from the advertised time of running the traing that the speed over the
summit was more than at the rate of 25 miles an hour, and they should not have
allowed it, until they had satisfied themselves, which they seem to have taken no trouble
to do, that that speed could be maintained without injury to the structure.

(123.) It remains to inquire whether the Board of Trade are also to blame for The Board of
having allowed the bridge to be opened for passenger traffic, as and when they did. 7rede.
Let us see then what are the duties which the Legislature imposes upon the Board of
Trade in connexion with the opening of new lines of rallway, and how those duties
were performed in this case.

(124.) Bythe Act 5 & 6 Vict. c. 55, 5. 4, it is enacted that no new line of railway shall Its powers
be opened for passenger traffic, until one month after notice of the company’s intention :’;s’c}“qm
to open it has been sent to the Board of Trade, and until 10 days after notice has ’
been sent that it is complete and ready for inspection. No plans or drawings of the
structure are required to be sent before the service of the notices, and as a fact we are
told that they are seldom sent before the 10 days’ notice is served, and frequently
not until afterwards. One of the inspecting officers of the Board of Trade has then to
examine the plans and details, to inspect the railway, and to make his report; and if
a copy of his report and an order to postpone the opening are not sent to the railway
authorities before the expiration of the 10 days’ notice, the company may open the
line for passenger traffic without the sanction of the Board of Trade, whatever may
be its then state and condition. Seeing too that the inspecting officers may, when the
notice reaches them, have other work on their hands, it is obvious that the examination
and inspection can be little more than superficial.

(125.) Tt seems that on the receipt of the usual notices from the North British Course
Railway Company of their intention to open the Tay Bridge for passenger traffi, fker " the
Major-General Hutchinson, one of the railway inspectors for the Board of Trade, wag Prese™ case.
instructed to inspect the bridge. The inspection took place, as we have stated on the
25th, 26th, and 27th of February 1878, and on that occasion the company placed at
General Hutchinson’s disposal, for the purpose of testing the bridge, six new goods
engines, each of which weighed 73 tons, and measured 483 feet over all; and as the
total weight of the six engines was thus 438 tons, and the totagl length 291 feet,
this gave a pressure of rather more than 11 tons to every running foot, which is
considered a very severe test. These engines were run singly and together over the
bridge at various speeds up to 40 miles an hour, and the extent of the deflection
and of lateral oscillation having been carefully noted, the results, to use General
Hutchinson’s words, were considered satisfactory, the bridge having been found to
be stiffer than he had anticipated. Accordingly, on the 5th of March following he
reported that he saw “mno reason why the Board of Trade should object to the
raillway on the Tay Bridge being used for passenger traffic.”. ‘

¢ 2
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. tchinson was asked, (Q. 15,967)
) In giving his evidence before ut, Genera! Hrs?on had been sufficient to enable
Bonre! (126, hi glxa.mination of the bridge on that occa [ obsorved mo symptoms of
W thﬁhel‘ 18 € " rt and he a,nswel'ed, 13 It was. h t b-l.t f th
oo him to make his reports 5% doment gave any reason to doubt the stability of the
- “ weakness, Whlch m my ju gmesu gosing tha,t the matel‘ia:ls Of W].%lch 1t was con-
“ structure, of course always presupp i ood, and that it was properly
Owipeate. 8 ’ d, that the workmanship was good, 1 ansi
 structed were gooc, . t being satisfied with this answer, and anxious to
“ maintained.” Mr. Bidder, not being him on the subject, asked him, (Q.15,989)
in & stronger expression of opinion from him on t erly constructed, and
glit:lhgna];slrgagher that in your judgment, arssumﬁig‘;flaijc :gry}')? ’Plt.ﬁﬁ; ngeml Hutohi’nson
the workmanship o be good, the. dem_gn wa.s iat th desi’ n was not unsatisfactory ;
answered, I would rather pus it in this W?'uyd’ xgleit toe Wa,rrg.nt me in objecting in any
“ there was no&}?ng(;) 11111‘18 ;hﬁod?;%ncéi I;a.};’ ghatg a broader base would not be a d‘esirable
“ way t0 1t. (i Hutchinson declined to pledge himself to a general approval of
o oung: Geﬁ}?t heuwould say was that he could see nothing in if, wlich would
;E:tﬁ;mkjgi?n; izr’;l tak?no- the very strong measure }(:)lf W}ilthhé)ldli}lgda.tgelgggcgflsleéthi?tils;
D .
i 1 h kmanship, he decline
Filh Tespoct to fhe I'!;atil;;lsail&:n f(})rt h?mwg do othegwise, seeing that tho whole of the
werigood, é‘f’rﬁ:ﬁs ];m}d) the defects, if any, covered up, when General Hutchinson
kel ey itted ; is 1 tion had been only a
i81 ion. He admitted very fairly that his inspecti : ;
z&p&;arﬁgzlmgggf b:ﬁl thfj: he could ju)(rige of the work omly from its appearance
externally. L N
Limice is impor nd, for there seems to be an impression
“?. e b(igg%hg; 12f22p£ lvt?xl-li fl(;sblf:;n g}rlxlsi);gtega;nd passed by the officers of thp Board of
P"’"’ ;r;,de the ;ngineer and others, by whom it has been constructed, are reheved' from
sibili i b ntly be discovered; but this can
responsibility for any defects, which may subsequently scove n
hardly be so. If the inspecting officers are to be held responsible for all defects bot
of design and of construction, not only should the plans be submitted to them for
their approval before the work is commenced, but they ought during its progress to
be allowed to exercise the same amount of supervision, as the engineer and his
assistants are supposed to do. Whether the country would be prepared to sanction
any such interference with private enterprise, with the view of relieving those, who are
and ought to be primarily responsible for the work, may well be doubted ; but however
this may be, the Legislature has not done so. All that the law requires is that the
officers of the Board of Trade shall say, not whether the design is good, and the
work constructed on the best principles, nor whether there are or are not any latent

defects in it, but whether they can give any good reason why it should not be opened
for passenger traffic.

General (128.) One point, however, deserves to be

Hutchinson’s inspection, and it is this, that, although he seems to have tested the
bridge sufficiently, indeed severely, for a vertical dead weight pressure, he made no
forwisa  8llowance of any kind for wind pressure, it not being, he said, the Practice to do so.
presswre. 1t may be well to quote what he says on this subject :—

16,070, (The Commissioner.) Did you make any calculations at all when these plans were given to you, as
to what foree of wind would be sufficient to overturn the bridge 7—No, I did not. I made no caleylations
28 regards the wind.

16071, How did you judge then of the stability of the bridge, if
slready stated, the subject of wind pressure never entered into th

dene, T believe in, I will not sa , civil engineers’ calculations,
teken into account,

noted in conmnection with General

you made no caleulations ?—As I have
e calculations that I made, and never had
but as far as I know, it has never been

16,072. Do you know whether it is 50 in America or in France ?—I cannot say. I believe that in France they
have some ruleeg but it has never been hitherto customary in this country, as far 8s I am aware, to consider this
question, especially in an open structure like this. Had the girders been plat
have struek one naturally that o

e girders, it would, of course,

ne ought to take very great care about the wind, :
(129.) Further on he said, in answer to a question put by Mr. Barlow—
16,084, With regard to the width of base,

nd substsntia] ag possible. There

I al pre: Supposing these piers
down bal, T oo Inadmg-_down bolts good. I hav_e not made the calgulatxon with regard to the holding-

and I make it something over
130. ; : .
. (70()1&))35’01;62&?3?1‘&1 Hutchingon gave his answer that he considered that 60 Ibs.

would not b i _
a wind presgure of tZO Ibs. 9;3 evgnmSUﬂiment’ he could hardly have known that

: X 501bs. was quite pog ible, whi
& margin of stability of only ahoy half, After wha(il; has &msg oﬁza in ;ﬁg c?lgzl‘gg 01% e;:;:
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inquiry, it is clear that there can be no justification in future for disregarding
altogether, as seems to have been done, the effect of wind pressure on such a structure
ag this; but whether General Hutchinson is or is not to blame for having so done, Sir
Thomas Bouch is not relieved from his responsibility.

Standing portion of the Bridge.

(181.) It remains for us to say a few words in regard to the portion of the bridge
which is still standing, and on which we have had a report from Mr. Law, which
will be found in the Appendix.

(132.) Mr. Law, after calling attention to the bed of the river, which he states
still shows a tendency to scour, and will therefore require to be carefully watched,
observes that on piers 15 to 27 to the south of the high girders, and piers 42 to 48
to the north thereof, the weight of the superstructure i1s wholly borne “by four
¢ 16-inch columns, which are bolted to a foundation stone, and are surmounted by a
¢ square wrought-iron box girder or entablature, which supports the superstructure.”
In addition to which there are two outer columns, one on each side, which are carried
up vertically to the last tier, and then rake inwards at a very sharp angle to form
raking struts to the wrought-iron box girder. But, as Mr. Law observes, it is
“ evident that in their present condition these external columns are of very little
¢ service in strengthening the structure,” (and we would add in resisting wind pressure),
¢ first, because of the very unfavourable angle of the wrought-iron ties, which connect
¢ them with the 16-inch columns, and secondly, because they have no direct tie at the
“ upper part of the perpendicular columns to resist the thrust of the raking columns.”

(183.) He also calls attention to a number of other piers on the north side of
the bridge, where there are but three colummns, two vertical and one raking, “upon
“ which the lattice girders of the superstructure merely rest without any attach-
“ ment.” These three columns were, he says, “intended to be,” and ought to be,
“in one plane;” but they are not always so. The lengths, too, of the lattice girders
not corresponding to the distances between the centres of the piers, the joints of the
girders are not vertically over the centres of the piers, deviating in some instances to
the extent of 18 inches. The result is, there being “mno kind of stay to prevent the
“ movement of the head of the column in the direction of the length of the
“ bridge, and no kind of attachment between the girder and the columns,” that
there is very great risk of the girder, which here merely rests on the tops of the
columns, slipping off.

Conclusion,

(134.) These are some of the defects in the standing portion of the structure,
to which it is necessary that attention should be directed, in the event of its being
determined to restore the bridge. That it will be rebuilt there can be no doubt, for
the interests of the large and thriving town of Dundee imperatively demand it. If,
however, it should be rebuilt with its narrow base, its cast-iron lugs, its conical bolt-
holes, its unconnected | girders, and with the other numerous defects, which we have
pointed out, and without adequate allowance being made for wind pressure, a very

serious responsibility will rest on all concerned, and one which the country would not
very readily pardon.

The two Reports compared.

(135.) I stated in the commencement of this report that there wag practically an
entire agreement between my colleagues and myself in the conclusions, at which we
haq arrived ; and that almost the only difference between us was, whether some facts,
which had come out in the course of the inquiry, ought or ought not to be referred to
more at length. :
_(136.) The points, on which we are agreed, are as follow :—I agree with them in Points on
thinking ; _ _ which we are
(1) That there is no evidence to show that there has been any movement or settle- «yreed.
ment in the foundations of the peirs.
(2.) That the wrought iron was of fair quality ;
(3.) That the cast-iron was also fairly good, though sluggish in melting ;
(%) That the girders were fairly proportioned to the work they had to do;
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i h sufficient to support the vertical weight of the
(5) That gheisiiltli (ﬁiﬁ?sv;:fszg;ﬁng to the weaknfess of the cross bracing and ifg
ﬁtenings, unfit to resist the lateral pressure of the wind ; '
(6.) That the mmperfections in the work turned out at the Wormit Foundry were
. due in great part to a want of proper Supervision ; . ‘
(7.) That the supervision of the bridge after its completion was unsatis actoxl-ly ;
(8.) That, if by the loosening of the tie bars the coh;mns got out of shape, the mere
\ introduction of packing pieces between the gibs and cotters would not bring
m back to their positions ; : o .
(9.) Th{;]tl;etrains were freguently run through the high girders at much higher
speeds than at the rate of 25 miles an hour; o
(10.) That the fall of the bridge was probably due to the giving way of the crogg
bracing and its fastenings. S )
(11.) That the imperfections m the columns might also have contributed o the

game result. ] ' )
These are the points, neither few nor unimportant, on which I concur with my
colleagues. : )
Facts not (13% The points, on which we are not agreed are, as to whether some _facts, which
_:‘f’”m have come out in the course of the inquiry, ought or ought not to be mentioned. The

. following are some of the facts, to which I refer. ‘ .

Fhedorings.  (138.) In the first place, I think that the error in the borings ought not to be passed
over in silence. Itis said that engineers are always liable to be deceived by the
borers, and that therefore Sir Thomas Bouch could not be held to blame on that
account. But that argument does not satisfy me. I should have thought that, if
engineers are liable to be deceived by borers, it is all the more important that, before
designing a bridge, they should satisfy themselves, beyond a doubt, of the accuracy
of the borings, and which there would have been no difficulty in doing in the present
cage. It is also said that, as no movement or settlement was found after the accident
to have occurred in the foundations, the error in the borings was not important. But
that also does not satisfy me; for it is clear that the error in the borings led to the

alteration of the piers from brickwork to iron columns, and that that undoubtedly was
the cause of the casualty. -

The striking  (139.) Secondly, I think that we are bound, in justice to those most deeply interested
#he girder. iy this case, carefull ey

y to consider all the various suggestions which they have put
forward to account for the fall of the bridge; and it therefore seemed to me that it

would not be fair to them or satisfactory to you, that we should simply give it as our
opinion that the train had not struck the girder, without stating at length the grounds
on which that opinion was formed, '

:Z.W- (140.) I think also that it is not sufficient to say that the supervision at the

Wormit Foundry, and in the subsequent maintenance of the bridge was insufficient,
~ without saying in what that insufficiency consisted, and who Was to blame for it.
Defects in (141.) T think also that it was our duty to call attentio

_ ntion to certain defects in the
: structure: weak, and thereby contributed to its fall ; for
oms?an_ce, tof tt}f na-.rrog zasﬁ,_tlie ghtdinc_lina.tion of the outer columns, and the
omussion of the spigots at their ases, and to the cagtin i
in the flanges of tﬁegIS—mch columns. T though B thors qopcs ln the e
shown by comparing the work on the Tay Bridg
on the Beelah Viaduct,
Responsi- (142.) Tt seemed +
‘Wv{ojth ainful it might be,

casualty, it is our duty to say so,

P my colleagues to diff
in that the chief blame for thig y oo cagues to differ from me
<y consfier that it is not for ug to say zo?asualty rests with Sir Thomag Bouch, but
Z‘:’.‘W w 143.) Lastly, my colleagues in their re
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¢ regarding wind pressure in railway structures,” it is for the engineering profession,
and not for the Board of Trade, to make them. I will add that,if I rightly under-
stood my colleagues at our last interview, they concurred in the conclusions, to which
I had come, that there might be a maximum wind pressure of from 40 lbs. to 50 Ibs.
per square foot, and this too not only over a few feet, but over the whole extent of a
span of one of the high girders, and I gather as much from their Report. And if so,
seeing that it is the practice in France to allow 55 lbs. per square foot for wind
pressure, and in the United States 50 Ibs., there seems to be no reason why a similar
allowance should not be made in this country.

(144.) I will only add, in conclusion, that I should hardly have ventured, in a case
of so much difficulty and importance, to have made on my own responsibility the
remarks I have done, had I not felt that they are fully borne out by the evidence, that
has been laid before us; and that, although my colleagues have not thought fit to join
in this Report, they do not differ, except perhaps on some very minor points, from

the conclusions, at which I have arrived.
I have the honor to be,

Sir,
Your most obedient, humble Servant,
H. C. ROTHERY.
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