APPENDIX.

No. 1,
APPOINTMENT of the CoMMISSIONERS by.the Boarp oF TrADE.

. WaERkAs by the Regulatiou of Railways Act, 1871, it
+'is provided that.the Board of Trade may direct an inquiry
) toII,Ja'inade by an inspector into the cause of any accident,
of which notice is for the time being required by or in pur-
- suancs of the eaid Aot to.be eent to the Board of Trade;
and where it appeurs to the -Board of Trade, cither hefors
or
‘more-formsl inveatigation of. the sceident, and of the
catses thereof, . and of the circumatences attending the
same, is’expedient, the Board of Trade may, hy order,
-divect such investigation to be held: And whereas it is by
-the same-'Act :further provided that the Board of Trado
- may, by thé. same:or. any subsequent order, direct the
: .County, court {jadge, . stipendiary magisirate, metropolitan
«'polige magisirats,or other person or peraons nemed in the
~ssie or poy Gubsequent - order, to hold the same: Now,
:--,meﬁfq&,ithe'_ngir?Bf Trade, in pursusnce of the powers

thé rcommencement - of any such inquiry, that o

conferred upon them by the said recited Act, do hereb
direct a formal investigation to be held into the cauées of,
and circumstances attending, an accident which took place
on the mailway bridge crossing the Firth of Tay, on the
North British Railway, on the twenty-eighth instant ; and
do further, in pursusnce of the powers conferred by the
said recited Act, hereby appoint.and direct Henry, Cadogan
Rothery, Esquire, Wreck Commizsioner, Culonel Wilham
Yolland, Chief Inapector of Railways, and William Henry
Barlow, Esquire, President of the Institute of Civil Log-
neers, to hold the said formal inveatigation.

Given under my hand this thirty-first day of Docember

1879.
(Signed)  T. H. Pasrgg, ..
) Secretary to the Board of Trade..
{L.8. : L

, ' No. 2.
LETTER, with INSTRUCTIONS, sent by the CoURT or INQUIRY to Mr., Law.

"'TaY-Briner Casuavty.
= "Wreck Commissioner’'s Office, Somerset House,
SiR, R January 22nd, 1880.
.- W=z have-been requested by Her Majesty’s Govern-
~ment to.select an engineer, in whose knowledge and
i charncter we:have full confidencs, to obtain for us on the
. 8pot. information "on certain matlers connected with the
“-recent -aceidént-to; the Tny Bridge, which is essential to
*‘enable . 0a to ‘form . an opinion_ us to the causes of the
‘casualty. . We Have aceeordingly selected you, and ara very
~glad-to-hear that you:are willing to accept the appointment,
. and-are prepared:to: leavé for Dundee on Friday next, the
‘dities. =
- Annexed, ere instructions showiug tbe objects to which
" we-wish:you especially to direct your attention; sny other
“‘rhatter,-however, which may seem to have a bearing upon
“the subject” of our inquiry, even though uwot sperially
roferred to in your instructions, should gbe noted, and a
mw't thereof made to us.
.3 . We-shall:be glad .to -receive from time to time reports of
- your-procesdings ; -and shculd any matter come uader your
“notice to which you’ think that our attention should be at
- onee called, ‘or.on; which you regnire instructions, we sheuld
“-be obliged:by your:immediately communicating with us on
sthe/shbject~. "7 _
‘- %Wao-enclege. two:lettery, one to the Provost of Dundee,
-and the other tothe:Chairman of the North British Rail-
way, Company, reqaesting them to afford you every aasist-
~anee in:their power in carrying out your instructions.
i {We’ propose -to -recommend that you he paid for your
Uservices at the rate of five guineas s day during the time
ﬁ:ﬂ ara employed, such sum to include your hotel charges,
-but exalugive of your travelling expenses, snd any othier
,costs that may be necessarily snd properly incurred in carry-
ing out the operations at the pcene of the casualiy. Your
_sccounts should be acnt to the Assisiant Secretary io the
- Bosrd of Trade, Railway Departmdnt, for payment. -~
: T‘rusﬂnﬁthat these mrangements will atis

*-23rd: instant, for the purpose of at once entering upon the.

{;:._ and t
) undee on Friday next. :

: . w° Are, &G- | . 1o, G
. -(Bigned) H.C. RoTuzrY,) Commissioners-for -
: W. YoLLAND, } the Tay Bridge:
_ W. H: Bantow, | :Cssualty. .
~-Henry Law, Esq., M.I.C.E., - -

.7 5y Queen Anne’s Gate, Westminster.

’

GaNmRAL IneTRUCTIONS for Mr. HENRy Law’s:
Lo ANCE.

1. Whethar any, and.if po, what setilementa have taken

. ih_any of the pimra-hatween piere No. 27 and No. 42,

... of aecoracy in the fitting.

Mnfactbi'y,lth L

you will bs able to leave,-as you-propose; for. -

girders with reference to the piers, :

~+-15. Carefully to" examine -the”condition

~columns of the stan :

. nppearance of eracks in’ them, arising from frost or other.
‘causes.

- subject of the inquiry which

2, Whether any, and if so, what amount of scour has
arisen in the river bed in consequénce of the erection of :
the piera. Por this purpese a cross section of the river will
be required along the centre Jine of the viaduct, and two
others at o short distance east and weat of the piers, and
not exceeding 30 feet from the centre line. Such sections.
to be plotted so as to compare them with the original
sections of the river bed as sent to the Board of Trade,

4. 'I'mhe exact dimensions of the dingonal tics and the
mode in which they are fostened to the cast iron columne,
The amount of play, if apy, resulting from the relative
dimensichs of thef;:o{h and holt holes to be especially noted.

4. The nature of the fractures which have .occurred in
the cast iron lugs of the columns to whieh the diagonals:,
{running east and west) have been fastened. !

5. The dimensions of the bolts which fastén the basas of -
the columns to the cast iron bed plates. .

6. The dimenaions in length and sectional ares of the
holding down bolts by which the bed plates have been
fastened to the masonry or brickwark, and the mode of
fastening ; also how the masonry is dowelled n.li_art:dioggled.

" 7. The fractures, if any, which have occu 1o theae
holding down bolts,

8, The dimensicns of the bolts which fasten the top of
one column to the hase of the one sbove it.

9. Description of the state and condition” of -each of-the -

- piers from Nos. 28 to 41 inclusive, showing :accurately -by. -

drawioge the movements which have.takén place-in the .
masonry and brickwork, and the manner iri which the stone=
work haa lifted where such has been the case. - - '« -

10. The fractured ends of the cast iron celumns to ascer-
tain whether the core has been cast central, and, if not, the -
de?ree of eccentrisity.

1. The condition of the concrete or other material with

which the eolumna have been filled. :
- -12, 'The manner in which the base of cne coluinn bas

‘been let'into the tup of the column below it, and the degree

.13, To report.gencrnlly on.the . apparent (quality of-the- -
iron, as shown Dy its fracture, with & view to-selecting. -
samples for testing: ] : e

L14. 'l_‘o.poté-n‘p\‘i_ni-_.u'.ppa_aiblq;the positiona-

----- ifon

difig:piers to .ascertain~if” thers is.any. -

-16. To report generally on any mastters hearing on the
i may come to his notice,
Dated 22nd day of Janusry 1880,
(Signed) H. C. Rorueay,) Commissioners for
W. YorLawD, } the Tsy Bridge
W.H. Barrow,} Casuaity.

. Qsios Wt asos
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TAY BRYDGE DISASTER:

. No. 3.

Finsr REPORT to the Comm1ssIoRERS for 4he TA¥ Bjupoe Casuarty, by HENRY Law,
Memb. Inst. C.E.—Dated 9th April 1880.

To the ComMiastonNERs for the Tay Bninge Casvarty.

) - 5 & 46, Queen Anne's Gate, .
GENTLRMEN, Weatminster, 9th April 1880.

" 1 obedience to the instrudtions contained im your
communication‘of -the 22nd of January 1880, 1 have new
the honour to lay before you the following report, embody-
ing the informntion whieh I have been dble to obtain upon
those -mattars” which have a bearing upon the cnsualt
which oocdrredito the Tay Bridge on the night of the 28t
of Décember. 1879

Iu gccordance with your subsequent instructionas, in the
present report I have confined my attention exclusively to
that portion of the. bridge which bas fallen, and for the
sake:of brevity.and distinciness I have nmitted all reference
to, those- deétsilsahd particulars of the structure, which,
althiough " they.may -have an important bearing upon the
‘nucstion - of. reconstruction, bave no eonnexion with the
caune, of the catantiophe.

" 'Fhie bridge, a8 construoted, consisted of H5 spans, namely,
2 stilt standing upon the southern side of the river, vary-
inye in span frooi Gl]).; feet to 145 feet, 13 spans which have
fallen, and. 44 #ill ‘standing on the northern aide of the
river, and verying in span from 162 feet 10 inches to 28
feet 11 inclies,

It will not-be necessary to refer to the construction of
any other portion of - the standing parts of the bridge be-
rond the two spans immediately coptiguous to those which

ave fallen; ~
_.These-vgnsiat of wrought iron lattice girders resting upon
piers,” each:of ;which are composed of six cast iron columns,
braced- with  wrought iron struts and ties, resting uﬁn
{6&'ﬁ’datibn:pi,uis;‘pfﬁmnry, brickwark, and concrete. The
southern spanis. 146" feet, and the northern epan js 162
leet 10 itichéa.. Eschi girder 1o 16 fact 6 inches in haight,
and_ their distance apart fiom -centre to centre varies from
0 fect _at, theif jin-shore. enda to 14 feet 10 inches at the
eads:adjséerit ¢ the. allen. apsns. -

These girders rest npon. seven cast iron roilers, bearing
upon raissd ‘surfaces on. thick cast iron bearing plates, the
rollars having bevolled fanges to-serve as girfiers, but
there being no-attachment between the girders and the
piers. Thé enidn’of these girders are strengthened to enable
them to-carry the'ends of the larger girders which have
filleq, . foriing @ table or. shelf upon which the lstter
girders: rested;:thres cast iron rollem being interposed to
allow=the” girders to expand or contract. These rollers
wero: provided .with flanges aimilar to those helow, but
there:. was..no:attachment between the upper and lower
girdérs, - The upright-ends of the lower girders ware
sicidied by, two  transverss wrought iron girders, one ot

‘the’otheriat the bottom, with diagonal tee-

the*top "gnd
iron:stays.

ion of-the bridge yet standing, the rails are
ransverso timber beams laid upon the upper
irface of the“girders, but in the portion which has fnllen,
the rails were ‘carried npon transverse wrought iron-beams,
restiig npon and- secored to the lower booms ¢f the
girders.

Thé length 6f-the portion of the bridge which haa fallen
is 3;149. feat,: consisting of three » te girders, the
southernmost cne being 1,225 feet in h, divided into
five equal apana; each of 245 feet, the middle girder being
%44 fost, in’ length,’
twvo outer:ones_are
cach™ 245, fs

irder which ia

"the; northernmont - gird

divided into fou¥ eqoal “spans, each of -245.feat.” I 'will - -
this be geefi that't ‘e‘faﬂ_iagai'tion of the bridge conaisted
ofseléven apmns; each of 245 feet, and two spans each of

227 feet = .
The gradient of the railway over the southern standi
portion of the bridge is s nsing one of 1 in 353:68,'sn
this gradient was continued oyer the first span. Over the
second epan’ the.gradient changed to 1 in 490, still rising;
the lino then continued lavel for six spans, this be'mm
moat glevatéd- pertion of the bridge ; the nexi span-bad &
falling .gradient of 1 in 130, and the remaining four epens
bed a filing: gradient of 1 in 73'56, whick . continues ower
nearly the whole of the northern portion of the bridge. -
The gouree of the. milway over the fallen ion of - the
hridge, snd for a oopddunglc distanoe upon g.:l? side of it,
wea a continuous straight line.

divided into four mpans, of which the -
‘ench 227 feet, snd the two immerones

The fallen portion of the bri consisted of wrought
iron lattice girders 27 feet in height placed at a distance of
14 feet 10 inches apart from eentre to centre. The upper

and lowsr booma m.w -ahaped, being each 2 feet in
width, and between’15 an inchea in d:g‘.h. ‘The girder
over each apan was complete within iteelf, the vertical ende
hﬂn& of sumiar dection to.the booms, only 18 inches in
width upon the faco; the iattios barm, whick.-had only a
tepsile strain to reajst, consisted of flat bars in pairs, one
being riveted to each side of the booma; thom-wmwm
in compression consisted of = shaped struts, placed be-
tween the sides of the buoms, and aecured to them and to
the tensile hars at their intersestions.

The unper booips were braced by transverse wranght
iron beams with diagonal .stays. The railway was carxied
upon teanaverse weought irom fish-bellied girdors shout
5 feet 5 inches apart, which rested upon the upper side of
the lower booma, and being riveted thereto served aa stmts
to the girders, the hrecing being rendered complete by
diagonal angle iron stays, croasing .through the oentre of
each alternate transverse girder. In order to lessen-the
transverse strain upon the bottom boom, suspension hars
of wrought iron were attached to the lattice bars at their
interssctiong snd-ziveted at their lower extremities to the
sides of the boom. :

The varions parts of these girders have ibeen carefully
proportioned to the several strains to which they had to be
exposed, and gy the oatastrophe .did not cesult from the
failure of these girders, it is not neceassry more particularly
to describe them. It ja, howewer, desirable to make an
ohservation with reference to how far esch division  should
:;:-fnrded a8 having formed a continuous:girder. ~ As

y mentioned, each girder waa complete in itself, and.
tbe booms of theae separate girders were -connected by
cover plates with the intention of making them confinu-;
ous; but in the face of the evidence given &t Dundee, of:
the manner in which thess connexions between the girders:
were made, 1 do not think that these divisions can he
conuid;red to hm:: continnous in mcc.'lilalmanner a8
to produce an i pressurg 11pon any e piers. It
wes stated by William Oram (Question G,494)pthat.thc
connecting eover plates were temporarily secured by service
bolts, which were rwards remove! snd replaced, by.
rivets; the bridge in the meantime being used for' the.

assage of heavy ballast trains (Questions 6,821 -to

825). It ia true that the ends of the girders had-been
originally raised before the cover plates- were ‘holted on';:
but it must be evident that no strain such--as wonld'
produce continuity jn the girders in thé senee now.under.
consideration gould have exasted, for if it had it would bave
been quite impossjble to have removed any of the balta:. -

Judging from the portion of the bridge which i stand-
ing, the permanent way appears to bave been very carefully
constructed. The rails are laid upon longitudins] timbera
or way-benmns, 18 inches wide by 15 inches in depth, the
rails' themeselves are of stesl, 75 Iba. to tha yard, with
guard raila of the same weight and material, both mils
being secured in the same chairs, which are placed. 3 feat
apart; a flat wrought iron tie bar js also .introdocsd at
distances of about 19 feet apart to preserve the line in.
geuge. .

The e&nﬂbﬂn of tha-bridge waa formed of
in thickness, covered with asphalie and wi
of ballast a3 & presesvative against-fire, .

1 now proceed o desaribe the_most i

: Toce . bo 1 ot paet of
the structure in copmexion with the snbjent’ oader vonsides

ration, namely,-the piers upon which the!fallen pottion: of

4 inches

afowr inches

" the bridge was supported. ,

. Thess piers'sach consistedl ¢f-an musamblageof six cdst
iron columua, brweed by meane of wromglit irdn strutyand
tiss. Their foundethons -oimeisted of hexagonal-shaped
piars of concrete, faved ith Brickwork, measurmg 27-fee
6 inches- in :length from '&m"jﬁﬁn’t of the cutwaters,
and 15 feet 6 inéhea in . - ‘These piers were carried to
8 height of 5 feat above the-lml'd‘bi&hw;g?ﬁng
tides, the upper four ectirses bttt faced with*ifdng, and
no movement ur settlement appears to have taken place in
them, . - . .0 sM w0 o stiend T i e
The height from the: ““the upper course of tho
mssonry to the undpr.side of thelatkice girduws!variis fom
83 fect to 8] feet Sinabing 1indbyTolldwing: déseription mid
in all the calculations the highest pier in referred to; =s,

EERTE)
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however, the ‘of thée pier affected the strength,
mwbedmbletogweinaﬁlmlufﬁrm the’ heig 8 of
the several piers ahove the' masonry and the spans of the
girders which they suppotted; the sumbers i the firat
column arpithe numbers of the piers in the structure,
counting. from-thie southern sidd, and to aveid confusion
wlll bandhered 0 thmughout. thia Report.

No. of Baisht No, of | Width Description of bearing
Piex. | of Prer. | Span. {of Span. - ¢n Pier,
. ft. in. ft. i l ird
10 87 b 3 rollers on lowsr are.
49 | .82 6 gg 2:: 8.voliers on pier.
80 83 0, o a5 | 8 rollers on pier.
31 83 01 o 245 Bolted to top. of pier.
I {78370 g4 245 8 rollers on pier, .
33 83 © ¢ mollers and an expansion
LT ) 227 joint.
- 340 88.0] . 245 |8 rollers on pler.
-3% |88 0 36-1 245 Bolted to top of pier.
‘861 -88. 0 a7 297 8 rollers on pier, .
37 82, 8" 8 rollers und an expansion
TS M oime
BT -2 TR U A 8 rollgrs on pier.
SSGRNT. . I - 20 R B 23 g:g Belted to-picr,
SR Y S N B 215 |8 rollers oin pier.
- 41| 86710 . 8.rollers on lower girders.
i R

Cast iron . bue-pleoea, 2 4eet in height, for the reception
ohhe ‘eolimis, were sscured to the piers,-each piece baving
. four holding-down: bolts passiug through the upper two
courses of immsonry, oach of which was 15 inches in
thlcknm, )
‘The aix-columns were srranged in the form shown upoa
. the plan, Diawing No. 1, 60 as to form two clusters, each
- triangular on plen, snd havmg no other connexion ot their
- ipper extremities .begond the struls and ties. The two
- "trireme coltimna marked 1 and 4 on the plan were each
" 18 iniches. in diameter, and inclined in at the top 12
- inghés in: their whols hexghl. the other four columsos 2, 6,
Jand 3, b, were each 15 mahes in diametar., The, utood in
- vertical. phnes -parallel to the direction of the bridge, but in
thoss planes 2 ‘snd 6, and 3 and 5, were each inclined 12
iriches towsrds each other in their whole hught.
. “Bach column was composed of aix ed pipes, con-
. nected at their joints with eight mﬁ
inches-in diameter. Each triangular cluster was sur-
-mousted by o wrought jron box girder |, shaped on plan,
*_taking ity'bearing. upon Ahe three columns ; sad upon this
 hox girder another: wronght iron callular qu-dar waa pilaced,
“riunning:m thedirection of the axis of the bridge, and ver-
tically under:the longitudinel Iattice girder of the bridge
~-itgelf:~ ‘Upon -the upper side of this callnlar girdar was
. bilted s massive caat iron plate, a similar plate being also
"Tolted to;the* understide of the longitudinal Iattice girders
-of the bridge; and” bétween -these two plates were placed
thawtmn}oﬂm.uchbmcheam i and 2 feit

‘i k,ngth,nupon ‘which- the waight of the bridge-was

cumad. *Thig description applies $0-all the pisry, axoepting
“Nag, 31,35, and 33, in the onee of which piers the rpllers
. were ' Oqmitted; and -the longitudinsl lattice girders wero
" united to t.hoedlnlu girdere by acresed bolts.

. Measiring. across the bridge; 4he ocllular s were

eq nally distant from the cemtres -of the tops of columns 1,
2, ued 6, a0d 3, 4 ‘and 5, »nd-consequendy the pressure of
- the gmdm of . the .bridge was borne half hy each outér
" I8inch cnlumn, -and one-fourth by each -immer I6-inch
_mlnwn.,

- Thi Barer mlnmnl mh “trisngular
) lmnd 4o eash-vtherat awary joint by mughtgru:‘:npnm
“ainikitiog f. ‘the.&iruts wake-horisontal jand omaisted of two
'_ohannaluam ‘piaced  back to back - and bolted -at each end
B ag AWo- “1} ich: bolts torlugs oast upon-the columms. Faoch-
¥ dar qpeniags formett by the. colamns aid
l;amummudngnndty by fint -wronght iron bare 43
“inches baad and half en.inoh:iu-thickusss, the wpper-suds
being connecipd with-:the colamns. by 1§ iooh bolts passing
~theough dugs. csst upon them, sad $he:dewer ends: being
mnudw,twob fﬁw:nhﬁmehwby{duofm
_ s.4ri aling’ plates :being
couneated. mt “the’ columns by l} mch bolta pouing
ghmgh;hgpmton to.them.
-.. Thaitwo ohﬂurld oﬂumswmbnmd %o
nchnﬁkmm a nmdnmnertyflm-u& ties, bm

| seinbrptringry bt bt w8 hetoin - oblimas’
sad 3, asid colagida 5 and:6. J-‘mu,»uw;m:a

holts, each 1} -

" soccunt thie verkical pressure resulting:

it

horizontally to tie together oolumns 2 and 5, and columc
3and 6.

Having thus given a general description of the portion
of the bridge which fell, 1 proceed to conaider the straias to
which the several gﬂ.ﬂ were expased uader varying eiream-
stanoes, and how far the structure was capable of resisting
thosc sirains. In order, however, to render thisreport as
brief B possible, and to avoid as far as can be dons the in-
troduction of technicalities, I shal] here confine myself to a
statement of results, but for your information the mode of

arriving nt those results is aunsxed in the form of an Ap-
pendix,

The four forgs to which th&om%hue waa Liablc to be
exposed were those resulting from changes of tempernture,
from the weight of the structure itself, me the vl::;l\t of
a %aumg train, snd from the lateral pmau:e of the
win

For our present inquiry the atrains produced by changes
of temperature iay be disregar

reasons
duosd upon any of the
nuity of the girders,

baving 8 weight, including the passengers, of 120 tone,
and suppozing it w be placed over one of the piers in the
position whioh would produce tho -heaviest pressure, I find
that the structure alone would produce, a compressive strain
upon the 18-inch columna of 1°47 tons, and upon the i5-inch
columne of 1'06 tone to the squnre ineh ; and thet with
the train over the pier these atrains would be increased to
134 tons on the 18-inch columns, and to 1:30 tons on the
15-inch columns.

‘I'here are 50 many,doubtful elements, the valaes of which
bave to be gesumed 1n attempting to determine the amount
of the strains to which the several parts of the piers would
be exposed by the action of a powerful wind pressurs, that
it ia impossible to wTive atany positively definite result.

As regards the actual pressure of the wind upon the
structure, | have sdopted the same views as those taken hy
Dr. Pole and Mr. Stewnrt, namely, Bs regards the lattice
gitders, for the windward girder

for the leeward glrder [ have taien only the surface above

ded, and those resulting.
from the weight of the structureitself, or when-loaded. w‘tﬁ;
a train, are very easily ascertained.. Ammmg, lor the.
y siated, that no additionsl “strain is-pro- ..
iers in cousequence of the eonti= .
asemmung & train with the weight
sud conditions of that which fell with the brid Je, namely

have taken the entire .
ares of the outer face, including the way-bearos .and faile’; -

the level of the rails, and I have supposed that the wind

would only exercise half of ite force against this surface, in
consequence of the shelter afforded by the windward

girder. As regarda the train, I bave wholly deducted the
uurface of the lesward girder which it would aheiter, and for
the train iteelf | have only taken half the round surfaces,
and have reduced the pressure of the winds hy nsixth, that
being the extent to which the train would be sheltered by
the windward girder.

In the case of the pier I have ayain adopted the views of
Dr. Pole and Mr, Stewart, namely, in sup
would be vne 18-fuch column and ghree:

elevnhon) between the columns.

Xow, it ia a matter of the first importanceto deter:mma
what wind pressure would suffice to overturn any portion
of the train; it is at onoe ovident that the socond-clas
carringe, being the last but one in the trein, was the one
which had the least stahility ; and Dr. Poleand Mr. Stewnrt
state that & wind presaure equal to 284 lbs. apon the nqoare
foot would sufficc to overturu this carriage. They have,
owever, assumed that the camriage was empty, wheress

the evidence of those who collected the tokets shows-_-

that there wero eight sacond-class passengers,

In my own caloulation [ have asautoed the average walght S

of the passengers at “140 lbs. each, and [-have taken:into
‘froni ‘the aotion of
“the wind upon the curved surfuce of the roof, and thnmn.
elusion at which I arrive is, that the second-class
could not have been overturned with & less-wind preasure
than 3568 lba, upon each square foot; and aa thewe is no
position in which this carmage could have been placed
where it would have been sheltered to.a greater exteny than
between ‘onp-seventh snd one-dighth of Ite .eatire surfase,
it resalts that the actual pressyre -of tha, wind must bave
op:rmhrowdedéﬂ ibs. on the sqm hhvti';hvmumed thia
carriage, in D N W) it was upon
the night of the oatastrophe, and withous E:
mmwhmhthemqﬂmgamghtlﬂord 1 rd;nmmg
the carziage npon.thazaila: : .
'The mext subjeot- 1 have “is_the effect
which the wind D in Mhig the weight of-the
supominitture upoh-the windwardwillers, snd in Incressing

sing that; thers
S-inchieolumns .
e.xpom:d to the wind, and that the tis-bary and-strits wonld: .
equivslent to one-fourth of the-space (when seen: ini- endi

5
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the same upon the leewsrd ones, and the resulta are shown
in the following table :—

3, | With Presaure of Wind squal to

— 258

z'F wm..lzom-.iaom..'wm
Without any Traini= low | lbe | lbs, i Tha ¢+ Iba
. Prossure on west rollers - | 324,400 | 300,180 ( 277,030 | 286,610 243,410
L. castrollers - | SERASD| S44710| 386,070 | S89.250 | 411,400
" 644,900 | 644,900 | 644,900 | 844 900 | 644,900

With s Tram:—.
Presauru on.weit rollers - | 427,613 | 399,803 370,705 | 842,585 | 313,970
. east'roifers - {-4¥7.015{ 408,003 | 485,770 514,635 | 543,035

f
883,250 | 855,000 | 858,570 857,240 | 457,010

The slight increase whioh will be observed in the total
pressure upon‘both rollers with an incressed wind is owing
to the ‘vertical -presaure. resulting from the action of the

- wind-on the curved roofs of the carriages,

. These pressures upon each set of rollers are, as I have

-already. explained, -equally divided between one 18.inch

“and -two. .1 5-inch’ columis ; these pressures are, however,
still *fiirther :modifiéd by the horizontal pressure of the
witid acting againat the exposed surfaces of the superstruc-

- ture, pier and train; but to what extent it ia very difficult
to détermine, )

If for » moment it is assumed that the pier may, by virtue
of the system of bracing, he considered as wrigid structure,
and the effect of the holts in holding down the columus be
disregarded, then' the wind pressure required to nverturn
the structure, about the east 18-inch column ea & centre,
would be 36-38 lbs, without any train, and 42:69 ibs. on
the square foot, with a train over the pier.

But, unfortunately, the piers must have been very far

_from:being rigid - structures, in consequence of the impcr-
fect mannier in - which the struls and ties were connected
“with:the columns, The struts oonsisted of channel irons,
“placed back:to back, with the lug of the column betwecn,
and connectéd therewith-by two 14-inch bolts at each end ;
the holes for. the-bolta were caat 14 inchea in diameter, and
‘being rough gud larger than the ‘bolts, and the ends of tha
‘struts having.no bearing surface to sbut againat, the struts
‘thernselves were only retained in their positions by the
pinching action of the bolts. But the security thus a orded
. must have been very aligbt, because owing to inequalities
in-the surfaces of the lugs themselves, and to the fact that
in some cases the bales in the struts had been roughly en-
larged .with a blunt tool so as 1o leave & burr, the actual
bearing suifsce of many of the struts against the lugs was
very small.
~ "As regards the flat ties, when the strncture was first
erected. they were tightened up by means of gibs and
-egtters; but owing to the slots in the bars againat which the
gibs-enil cotters:bore being rough, and the gibs and cotters
-also roughly-forged; and, further, owing to the holes ceat
“in the, luga not being cylindrical, and to s screwed balt bein
eed to sccure:the ends of the ties instead of a pin, the rea
bearing surface was exceedingly small, and a comparatively
" slight strain would-auffice to crush the edge of the hole in
_the lug into tbe thread of the screw.

Inireference to the tie-bars it abould also be observed
that the bearing surface of the gib againat the slot in the
bar was quite inadequate, for while the ares of the section
of the bar exposed to a tensile strain was 1625 square
inches, the bearing surface of the gib being in compression
should have had an area of 1'86 square inches, whereas it had
only s surface of-0:376 equare inches, or about one-fifth
- of the atrengih of the bar.

- ;From these circumstances it would resylt that a lateral
pressure. agaizst. the columns would produce movement :in
the'atrats and” ties, remiiting in the latter besoming slack.

-tigzhare:e iding ] found-packi

. quarter:of -an -ingh -in - thickness

“hetween “theigibs and cotters, aad on iuquiry I learned

" that these had been iotroduced from time to time sinoe the
opening of the bridge.

From the accounts which hava been furnished to me it
appeers that sbout-150 of these packing pieces were inserted
in the ties between the middle of Octoher of 1878 and the
time of thebridge falling, and that the necessity for them
arose belore the-bridge had been ed five mounths.
This circumgtance clearly shows that muat have besn
‘s considérabls ‘racking movement in the piers under the
united action of passing traine and wind, and 1 cannot but
congider pointa.to the primary cause of the disastar.

For the slackening of these ties and struts means the
removal of that condition upen which aloae the. power
of the stxuctuie to resist bang overthrown by a m&l

, actually did take place, in some of the. -
piecea . of iron s
- been introduced”

TAY BRIDGE DIBASTER:

preasure depends. And it is to conceive that & storm
of the violent charaster of that of the 28th of last Docember
would produce such movements, in the connections of thess
strute and ties with the columns, as would render the
calumna unable to sustain the alditional weight of the
train snd the lateral pregsure of the wind.

An examination of the ruins of pier No, 32, being chat
over which the train was situated when the structure fell.
indicates that the columns doubied up about their joints
a8 the lower lengths of the westward 15-inch columns were

usbed over to the weat, or in the revyrse direction to that
o which the rest of the structure fell. A similar action
in pushing back the westward columne is seen in piers
Noe. 36, 39 and 40.

The present state of piers Nog. 20 and 31 effords con-
clusive proof of a weak point existing in the structure at
the time of the overthrow in each of those piers, namely,
in pier No. 29 at the level of the top of the second tier of
columns, and in pier No. 31 at the top of the lower tier;
for the strain st the point of fracture was in_the former
case only §ths, and in the latter cage only §tha of'the.
atrain 8t the base of the pier, while theoretically  the’
strengthe of the pier at the base and the pointa of fracture
were the same. 1t is clear, therefore, that the power of
resistance of these two piers bed besn reduced at.the
points of fracture in the case of pier No. 29 to the extent
of §ths, and in the case of pier No. 31 to the extent of Jth,
of their normal power of resistance.

Conaidering that the columns are 76 fest in height, that
with a wind ure of only 20 lbe. on the.square 'foot, &

ressure of 37 tons will be thrown upon the -esstward'

g-inch column at the time of the pasaage of the train, and.
that a horizontal preasure of 37§ tons is acting egainat the
top of the eolumn, it is easy to conceiveé what must have
besn the inevitablo conwequenca of any slackness on.the
part of the ties.

It is also necoseary to point out that owing to the double
angle which the ties by which the 18-inch columns:are
braced roake, with the direction of the force ténding to
overthrow the structure, the efficiency of shese tics is re-
duced in the proportion of 1 to 273, or to little rore than
one-third of their full strength, and that-any elongation or
movement of the ties would sliow of nearly three times
that movement in a borizontal direction in the point;of
the eolumn to which they were attached. '

There are also other circumstances in connexion with
the construction and workmansbip of the bridge which
undoubtedly contributed to the catastrophe.

The mode of securing the holding-down bolts was not
satisfactory, as thay no anchor-plate or bearing at their
loweor extremities, but were merely insertad in o hole drilled
through the two 15-inch couraes of stone, snd were then
run round with cement, and as the angle of taper of the
conicdl head wes only 6} degreesit is evidont that a very
al.&xht_compression of the cement would allow. of & . con-
sidersble movement in tho bolt ; some of these holta have
evidently yieldod ss much as 8 inches in sergwing down
the base piece st the erection of the bridge, and in one or
two cases the atones have been burst by the wedge action-
of the conical head. It would have boen better also if they
had been mla;m?_ wngmb;lmﬁaw a8 to bave had a

ter weight of mesonry to y i of trastin
mhe ﬁgm n of the::!ment which appearswo have beeg
very alight, partly in consequence of the smoothnnss of the
sawn face of the stone, and partly, I imagins, from the
stone having been dry when set. In many cases the cement
has parted froot both stones, forming & thin detached sheet
of large dimensions. ]n many cates also the nuts at the
upper enda of the bolts have s very imperfect bearing npon

. the base-piece.

Passing on to the columns, it is apparent that many
of them bave blow boles of considernbls gize, which have
been. fllled in with & composition of resin snd filings ;
sufficient sare does not appear to have been-taken to keop

"the aoves from shifting, or in properly adjusting the upper

flask, and e & consequence there are many instances of a
conmiderable difference in the thickness of metal on opposite
;id_es of :lhe Elw;:fn, irxlw.h soms md tlhe metal on ona side
eing only §tha of an ineh, and on the opposita side 1§tha,
or & differance of § of an inch; andpnl:m' muallyﬂt!im
case when the upper eide of & casting is tﬂn,&hemahl
beoomes: chilled, and bas soonmunlations of scum and - air
wl;'ug very mueh deteriorate from the stremgth of the
metal. Lo
The mode of attacbing the ties to the columna by means
of lugs was evidently insnffioient, a8 in almost overy in-
stance the lugs have heeo forn owwy,.if is diffionit to
believe that the buming on of dafective higa-in the manner
described by the witnseses exnmined at Dundee could -have
beon sanctioned by any person who had the intdlligencs to
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undarstaiid that the whole security of the structure depended
upon the strength of thesa lugn. ]

I consider that the mode of connecting the columyps at the
flange jointa:wns alsc in eome- respects defective, the bolts

being an eighth of an inch less fn dismeter than the hole,
and the flanges - being sé in some cases 83 much’.as

8
1 of an inch, the bolts could not act as steady pins, and as
in several casss there was no n;glgot on either of the pipes,
‘thers was nothing but the pinching of the bolts {0 prevent
‘the-columns from shifting, and there are evidences that
some of them did so ehift st the time of the catastrophe.

1 have not regarded the concrele as having added in any
way to'the security of the structure, otherwise then in its
incressing the weight of the oolumns and so increacing the
moment-of stability of the pier; and my reasoun for taking
Rhis view is that the conerete waa so unequal in its quality
that no dependeoce could be placed upon ita being of
proper gtrength in the place where strength wms required.

efore leaving the columns, T should obaerve that some
of the fanges were so imperfoctly faced that the only Eor-
tions of the‘metal in contact was a strip of about five-
¢ighths of A inch round the margin of the fange.
" In’conclusion,-I- would sum up by the statement that,
in’my opinion, the baae of the pier was too narrow, ocea-
sioning s very great” strain upon the struts and ties, that
the;englas’st which the latter were disposed, and the mode
of ioonnecting. them to the columns, were snch a8 to' render
them of Jittle or no use, and that the other imperfections
which  hava -béen. pointed out lessened the power of the
-caluming to; reaist :a crushing strain ; I consider thet the
yielding of the strnts and tiea was the immediate cause of
the disaster, hut. that the other circumstances stated con-
tributed to it. *

It is only due.to Sir Thomas Bouch, to his sssistant
Mr. Thooas, Peddie, to Mr. Noble. and the officials of the
North British: Railway, to say that they have afforded me
every-facility for making the moet thorough and searching

investigntion. - .
T '8“ ’ I have, &e.
{Signed) Hexry Law.

APPENDIX.

CaLcuLaTioNs of the Powera of Resistance of the several
" parts of that portion of the Tay Bridge which has
fallen, and of the streins to which they were exposed.

"SECTION A.—RESISTANCES.
l._ ResrsTance or BouTs,

-_-The- bsagvpieces sze held down by four bolts, each
1% inchea in“disineter; then . the effective diameter through
the screwed. portion is 1'44 inches, and the sectionsl area
1+63:aquare iriches.
C-'Mhen pssumning the strength to have heen 21 tons, or
47,040 1bs. to. the square inch, we have 47,040 x 163 x 4
£ 306,700 1bs, for the unltimate tensile strength of the
‘holding down bolts,
The columns were secured to the base-pieces by eight
'y oits, each 14 inches in diameter; then their effective dia-
.étor through-the screwed portion-is 092 inches, and their
Mptional ares 0'66 equare inches. ‘
8e¢Their collestive ultimate tensilo strength equals 47,040 x
0:66 x 8 = 248,371 lha.
"It is- therefore svident thet the security of the. columns

dopendedupmthe flange bolts.

2. Tuk: Res1avance or THR Fuanox Bonte To THE
-; "OVERTURNING .0F THE COLUMNE SEPARATELY.

-~ The relative positions of'tho bolts in the fangésof:the.
15tinch: and:18-ingh’ golumns, are shown-in Drawing No.:2.
“+Supposing. & horizonal force' to e applied to the top of
the eolurnn fending to overtue it, nssurping that the
fange.would crack acynes upon the line AA passing through

- 0

the.centres of the-outer holts.on one side of the column,
putting:¢:= ths uliimats tensile o h of one bolt, & =
tho distance of.the furthest bolt from the line AA, 5, = the
distance of -any other bolt from the line-AA, and #,= the
nnsbno;o;: ch any other :?lt would offer when the
farthest bolt:was at-the point of fractore, and adopting the
Inwy * pic tensio ut vis,” mwe have—

) ‘I = b !
and for tie moment of resistance -

=
f;h—t‘b— i

Substituting the actua] values, the following are the
calcplated results ;— -

™ 'S ] [
° E ) :o 23 5 8¢
. 3-..1 T 85
Foaition of Bolts. 229 83°<|Ey| 28
- T 4 = LH=
RN ER IR Y
=M R=1z e
. -
In cane of 15-inch columns: — |
Bolts BB - - - | o-427 | Sesz | 2 7,764
Bolts CC - - -1 1-081 | 22,634 | 2 | 45,268
Bolts DD - " -l 1-458 j 45,283 | 2 | vo,530
! 6 | 143,362
In case of 18-inch columng: —
Bolis BB - - 10487 ] 43751 3 8,750
Bolua CC - - - 114196 | ec386 | 2 | 58,77¢
Bolts DD - - - {1683 ] 32950 | 2 |ludh0u
i § |166,022

Showing that the total amount of resistance offergd by
the bolta to the overthrow of a 15-inch colima would:be
143,562 foot-lbs.; and to the overthrow of an- l¥.inch
polumn would be 166,022 foot-lba, BRI

Apnd for the distance of the centre of resistance of all
bolta fror the line AA we have, in the case of the 15-inch

columns—
l)‘427’+l'031’-f-_!15_8j‘=|,156
0427+ 1'031 4+ 1458
and in the casn of'an 18-inch column
048794119624 1"6837__
0487 + 1 196 % 1683
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3. Tue ResisTancE of THE FLawge Bourts To THE
OVERTURNING GF THE PIERS CONBIDERRD AS -
RicIio STRUCTURES. .

In this case it is assumed that the pier would he nver-
turned upon the centre of the leeward 1#-inch column
marked 4 in Drawing No. 1,

‘I'hen pursuing the same mode of calculation as in the
case of the separate columns, the following results -are
obtained :— .

[ . .
° Eg"a 'é ! Mea:rmm.:t of
L. TR ective
Pouitions of Bolu §§ E% §§ Resistance of
S 2 Dolts
1 (= ok
Nearest bolta of column 4 -1 2 035 t=< 0°0]
Furthest ,, - -] 2 084 006
Nearest bolts of columpsSand b | 4 5-87 4-90°
Next - " w -| 4 { 570 = 5773
»» » ae [ 4 6-80 - A0 -
Furthest ,, " w o= 4 | 678 7], . 800
Nearest holts of eolumons 2aad 6 | 4 15211 40:28°
Next ”» . " - 4 15-54 42'60
» " » no= 4 1614 4586
Furthest ,, " w o= | 4 16°57 4844,
Nearest bolts of column 1 -1 2 2100 3588
Next ”» " - 2 3)-49 4072
" » » -1 2 32-19 49-42
Fugthest ,, » -1 2 22-68 4536
tx 37136

The total amount of effective -resistance of tha whole of
the bolta_to the ogier aa - rigid . struéture- being -thrown
over- upon one of the 18-inch . columbs es a. centre ia.
47,040 X 066 % 371-36 = 11:529,390 foot-lbi: -And for.the .
distance of the centre of resistance of GlFtha holis from the
eentre of the 18-inch column we have 15914 feet.

4, Rea1gTaNcE oF THE Tiz Bags,

The tie hars are 4} inches hy balf-an-inch, but their
section is reducad by the bolt holes, which averagea |1}
inches in diameter, but in some instances sre somewhat
more. Their sectional ares to resist & toneile atrain is
(4:6—1:25} x &= 1625 square inches, but tho whele pull
m t.bemﬂhc_s wummg by & gib ¥ of .an inch in

ness, offering o surfe com ion equal only to -
1 x § or 0'375 square inches, hlrme.e&m atrenygl.h
of wrought to resist reqsion cannot -be, taken- at more
than the $ths of its tenmls strength, or 40,320- lhs. to the
square iach, the grestest strain -which theso ties
a R



vi TAY BRIDGE DISARTEWL:

eould b calculated- to sustsin would be 15120 Ibs., or
6f-tons.

'I'Imdmgru.m Drawing No. 3, shows the manner in which
. ‘these tie bara acted to prevent harizontal movement at the
"~ points of their’ stwachment o the tops of the columns. If
s =.the strain which the tic bar is capable of sustaining
in the direction of its length, ¢ = the effective resistanoe of

_the tie bar to_prevent the tof of the column moving ina
horizontal direction, and 3,d, and d, represent the distances
of the upper snd lower points of attachment messured ver-
tically- mﬁonwnhﬂy, then in the case of the ties botwean
_the 15%inch columna we have—

=t = 15120 x —oas =4921 Iba.

= Thra JIBFELEIR

and in the case of the ties between the 15-inch and 18-inch
" columns, we have— .

gt
NI

In:consequenée.of the columna not being verticsl d varies
“from 392 to 4°62 feet, the value of & being as before; con-

: sequcnuy the value of ¢ varies from 5453 lba. in the case
of the upper tica to 6,124 1bs. in that of the Jowest ties,

. 'Tocalculate-the cxtent of the horizontal movernent in
.. the. t.op of thie coluinne which an elongation or yiciding in
“the ties woul: nllow, it we put » for the mespsure of the

. elongntnun of the tie, ind m = the movement of the column,

© We have very ntm-ly-—

8=

m="
[ 4

or in the coee of the ties between the 15-inch columns—

15,120
q921—1524>(n

.md m the.case. of the ties between the 15-inch and the
lS—mch columna, we:have for the upper ties—

__-_ 15, 120_,,_
m= ‘n 553 772xn
am] for the lower. ties—
120
m_.n-é-m_?mxn

G. Resisraxce op CoLumns To o TENSILE BTRAIN.

- Taking. the:thickness of metal in the 15-inch columns at
lI inches, and that in the 1%-inch columns at 15y inches,
ifie_sectional ares of the former would be 49 square inches,
“and of the lntt.er 63 square inchea; and if the tensile strength

“ufithe cast iron_be taken at as low ns G tons or 13,440 1hs.
_ tu.the aquare inch, the strain required to tear asunder the
“15-inch enlumua would: be 658, .:60 iba., and to tear asunder
‘the"|8inch. columns would be 846, 720 Jbu., the least of
whtch ismore ‘than 2} times greater than the collective
trength ni.the elg'ht ﬂange bolta; so that where the column
<isthroken it proveo that it must have been exposed to s
t.mnavem sl:mm T

‘A8 A Rioip STrUCTUORE.

the nearer sot of rollers.
w, = the weight of the pier above the base-pieces.
10y = the weight upon further set of rollers.
d == the ' horizontal distance from the centro of the

lf‘w, = the weight u

18-inch - column, about which the mament is.
taken, to.the centre of the-nesrer set of rollers;
._,d = the borizoxtal distance from the same point 1o -

thie ceritre.of the pier.

: ‘thie céntre. of the farther set of rollers,
- -._ri= the moifienit of resistance of the flango bolts.
.; =-the~total moment of resistance of the pisr to
being overturned without any flange boits at
-the béttom joint.
R, = the same moment taking the effect of the bolts
nto socount.

‘I'hen we have

Ri=wd, +w,d; + 07,
- Ryz=mdy 4105+ 1w0ydy v

‘and
Them- aubahhmng those quactities which are known,

naely, d._.ib d,_10‘92, .-—1834 and r—ll,529 390,

We ha\re
: R,._SSXW.+1092XU-.+]334X|0;

and R.=R,+11.529 199,

;53 REBIBTAM:! To TiE OVERTURNING OF THE PIRR

9, Resisrasnce 1o rux Ovesrusine or tex Praz
ON THE Szpamats COLUNFE.

Drawing No. 4 is a side lovation of onn.of ogmthh
only thoss He bars shoyn which would: und to
being overturned, upon the separste colum l‘;’"
sontal fores applied et the point. indicatad 'by ﬂle Arrow F
Let p,=vertical pressure.on eolumn 1. - -
Ba— » »» columns 8 and 6.
" .,., » Sand 5.
g‘._ ooluma 4. '
horiscntal distance from. oentre "of 18-inch co-
lumns to the line AA, abous which the
momants are taken,
by== similar distanoe in 15-inch columns.
ry= the moment of resistance of the bolts in each
18-inch oolumna.
ry=the raoment of resistance of the bolta in each
16-inch column.
4,== the effective horisontal atrain resulting from the
tie bar at its of attachment in'the fice.
‘between the 15-inch and [8-inch ooliumne,
%= the similar strain resulting from the tic' bus
hetwean the 15-inch columns,
#y=the height of the point of atiachment of the
lowest tis bar above the top of the base piece.
ko= the mean hoight of the points of attachment of
all the tie hars sbave the top of the hase piece,
M = moment of stability. ) :
F = the borizontal farce ru&mrod to be -applied . at
the height H above the top of the base piece
ta overthrow the pier.

Then we have—

. , b
M=23p)+p)+25:{ py+ps) +4r.+er,gj+i,w&,+m,)

M
And F_ 53

'l'o calculate the values of s, and s, let d=the horizontal
distance of the furthest bo.lt from the line AA, in the
18-inch columna, and et z = the amount of extension :of
the bolt at the instant of its fracture, /, = the length of the
bolt, snd ! = the length of the tie bar; then, sccording: to
the law, * sic tempio ui mis,” we have—

z
A I %::eu.

. wel,
o B= I'l

Furthermore we have -
Anz:mih: by

But we have also—

In the case of tha ties betwem the l5-|nch colunins, we
have—

I x 7 % 99212
5= 1o 15,120 % 1683 = 08 Ibn.
And in the case-of the ties betwoen the 16-inch and

: a’ _. hie homontal distance. the. pomt to ¢ 18-inch columns, if we take 5,790 &8 the mean of ¢, and 1]

as the mean value of I, we have—
03X 97 X 5790°
5= [T 15,170 x 1683 = 200 Ibs.
Then substituting the values of those quantities whzcl:
are Imown, and putting A, = 42, we have—
= 1'683 ( p, +p)+1456{ py+pe)+ 8,131,740
ltshould be ohperved ‘that the valaes of vy, ry, 5, and 2,
are very small st first, and ss they inoroase, 80 the momqnes
of the puuump,;p.,p,, and p, decrease. , ‘

SEGI'!ON B.—~WEIGHTS.
1. WeiGHT oF THRSE. Bmmmmun:- e

In cal the the girders 1 have taken
l'l.hw.l othhe an:nm g-lg ders which are somawhat
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Weight of ane A6 fart imigrraodicte apen. ;.- ¢ van weighed 8 tons 9 owi. =13,3§
S T T | : - = . .
Two main Iattice gitders - Y. 317,500 Luggage - - - - 900
Lower transverse ginfere and bracing 70,238 . 20,248
g e e . . 200 120tms - - .= 269,582
'lﬁmherphnld:g mdwny-beams v " 80040 E———

Permansut way, inchrding guard rails 40,570

Ballnat © - < - 52,800
Hand railin - e - 9,670
Water.pi %ﬁ]led} and casing - 19,850

" Telégraph wires and tube - - 4,900
288 tons, nenfly = 644,910

“In the éubce?(ucnt. calculations the above is the weight
which* [*have taken as heing that which would he produced
hy onc of the 245 fcet intermediate spans upon the rollers
on the top.of one of the piers, and 1 have omitted to ndd
any increased pressure on aceount of the continuity of the

_girdérs for the reason stated in the hody of the Raport.

2. WgiGHT oF THE PIER.
+ The results of my calculations are as under :—

On one On one
18-in, colomn, 18-fu. column.

‘Weight of ironwork . 25950 31,370
- 5, 'of concrete filling - 9,800 14,000
35,760 45570

: -Tm;tﬁe total weight of the pier is na follows (—

Four 15-inch colummea nt -+ 35,750=143,000

‘I'wo 18-inch " - 45.570= 91,140
106 tons nearly - -=234,140 Ibs.

ot

3. WeIGHT oF THE TRaIx,
Thé information as to the composition of the train and
Ahe .weight=of . the several iages waa furnished by
-:Mr. -Drummiond;  the -locomotive superintendent of the

North British Railway, and I have sdded the weights of”

Zthe pussengers.and cther persone in the train, distributi
"n,}_;ém’,(._tﬁgg e best of my judgment, in aocordance ;ﬁf
rthe retizrn- put in. by-Mr. Kobert Morris, the station agent

~“at-St Fért (Question 129). I have allowed 140 ibs. for

4. Weianr or TRAIN BORKE BY THE PiEr.

I have taken that position of the train which brings
the greatest load wpun the pier. namely, when the front
of the huffers of the engine were 43 feet in advance of the
centre of the pier, in this position the portion:of the werght
of the tran borne by the pier would be 210,330:]ba., tlic
reomainder being burne by the piers on either side,” =

SECTION C.—ACTION OF 'THE WIND,

1. AcTror ox SUPERSTRUCTURE WITBOUT TRAI,

In the foltowing caleulations the direction of the wind
js sssumned to be horizonts! end at right angles to thé
side of the bridge. Where the surface opposed to the
wind is hemispherical, as in the case of the columns;its
area has been reduced Ly half; where the surface is
inclined to the direction of the wind at an angle of
¢ degrees, a heing the area of the surface, and f the force
of the wind in lba. per square foot, | hove taken—

The pressure of the wind in its own direction=

Sanl!ca. -
perpendicular to same=

£ a. nin? ¢ cos ¢, .

I have caleulnted the surface prescnted by the super-
steucture of one 245 feet intermediate apan, tsking .the
whole surface presented by the face of the windward
Iattice girder, and adding the ends of the lower cross
girders, the longitudinal timbers and rails, and the railing,
and the result gives an ares of 2,0:36 aquare feet, having
its centre of pressure 11'14 feet above the top of the
rollers upon which the lattice girders rested.

For the inner or leeward girder I have calculated the
aren of tbat portion of it whinh is sbove the level of the
mils, and 1 have reduced this by half to allow for the
shelter which wouldl be afforded by the windward- girder,
the result gives an ares of 593 square 'feet, having- its
centee of pressure 17'47 feet above the top of the rollers.” "

To calculate the effact which the wind weuld -have “in
legsening the weight of the superstructure upen the wind-

” ] "

;,_tha‘igi.i'?ﬁf(lﬁfffmh ~persont, and have sssumed that there  ward or west rollers and in increasing it upon the leeward
way’ _;—_“[3- of luggage n the Tuggage van, or east rollers, let f=the force of the wind, a—the aree
The! engine weighed 34 tons 12 ewt.=78,848 of the surface exposed, A=the height of the centre of
Firemsn and stoker - - 28"79 128 pressure above the tt]alp a]f“ the rollers, d=the distance from
: . — /1 ocntre to centre of the latlice girders, and p=the pressure
-'The tender weighed 24 tons 17 cwt.== 55,864 tgken of tne windward rollers and added o the lecwan]
Fxgut- lhl;d-oluu carringe  weighed 18316 rollers ; then we bave—
- B:tons. 8 owt. - - = ., = -
20, pessengers - - - 23800 =0h po 2036 X 11'M4+-393 X 1747
A 21,616 P=4f 1484 = xS
- Becond third“class carriage, the same =2226x /-
N - asclast’ - - - -= 21,616 And if F, be put for the horizontal force of -the wind:
‘First-class carrisge, weighed 14 tons ] acting at the level of the top of the rollers’ ténding’ to
Amhlrd:c.l . hod 3L920 overturn the pier, we have— ' S
v ARter..third-class- carriage weig — By — A
£ :Dtong:l6owt - - -=21,952 Fy=f(20364592)=2629%. f.
oyt A ; ; . )
..}_pa?engm ST 2'9“_-24'392 2. Acrion or Winp oN THE TRAIN.
_Second:clat carriage weighed 5 tons ' ‘The action of the wind upon the several carriages com-
“19:gwt;. L= - - .= : wosing the train have been caleulated upon the data
8 passengers . - - 260 }urninhed by Mr. Drummond, and the rcsuits have been
E — 14,448 coliected in 8 tabular form.
T |, 4 g [® | B ¢ [BE [E3F [ES &3
- ) ' -k 14 3 I
q 47 g % g 53 5 g% [sBE [sg =) -.E
. ) . an > - c <
§ B [TumiE 1T |gE 2 _laky [EwforzpEy T IEE
Euim|d X ° =k g gggr SSEYIBE I E 5 BTE
HH RN R R P e TR Y
R =248 0 1§ | [se s [E=g (3eg"[Begd|x,t 3¢
o, - »;E--:\ A = b cg3 "”g ° ‘Gﬁi“E 3
o e m B et RREGE
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n the foreg ing table no deduction is made for the par-
tial acreeni_:ig?#&n train by the windward letéice girder.
[ Lisve, however, made & calculation which shows that the
surface of the train exposed to the wind would be reduoed

By about ‘one-gixth. . . .

"7Adapting’the same notation #s in the lable, and putting
k for thie pressure taken off the windward rail and added to
the lesward one, we have— ) L

5 16033 %6 o
k;é-xf%:g'xf T —1603xf
But .. this. b‘éiqg- purt.ly borne by throe piers has to be

reduced to .-
R PP

Then taking - into sccount the action of the wind upon
the roofs of the carriages, we bave for total weight of the
train borne by the pier—

. 210,430+ 67 X f

. Again if k== -tha ure taken off the \t.rindwa.rd_ rollers,
‘and~ 3:92 .and_ 4:92 be the respective horizontal distances
“of the-tive lines of rails from the centre of the roliers, we
bave—~

e 992482
_ dy=1251 x —1i8d

.And the proportion of the roof pressure thrown on the
.weat rollersibeing 48 X £, we have for the pressure on the
weat rollers resniting from the train—

105,165 + 48 X f— 421 X f=105,165 - 373 XS
and for the pressuré on the east rollers
210,330+ 67 x f— 105,165+ 373 x f=105,165+ 440 xf

xf=421xf

4, AcTion or WIND oN SUPEESTRUCTURE WITH A

: I TRAIN.
. “The;train:would reduce the exposed surface of the east
‘givder from . 1;186 square feet to 757 square fect, and ag
:Before, deducting oncshalf as being sheltered by the wind-
‘ward girder; we:bave 378 square feet for the area of the
.exposed-purfice of the east girder, and the centre of pressure
is 22:54 fest above the top of the rollers.
. Then for the:pressure token off the west rollers and
added {o the east rollem, we have—

ak  2036% 11144378 x 22544 x 1603 x 412
o L 161 xf
=2468X%f -

And for the horizontal force of the wind acting at the

leve] of the top.of the rollers we have
F,=(20364378+428 x 1603) x f=3750 X f

I bave shown upon Trawing No. 5, which 18 a transverse
section_of the siperstructure of the bridge with s truin
~ipon.if, the amount and direction of the various preasures
-,\&g_igh_‘ar_e' produced, by the joint. action of the weight of
‘the structure;. the weight of the train ond the wind, the
‘f_'oi'c_i:'of “the ‘Intter being equal to f lbs. on the square
foot. A

4. Actiox or Winp oN Pizn,

I bave ndopted the viewa of Dr. Pole and Mr. Stewsrt,
us to the mode of estimating the efective surface ex
to the wind by ene.of the prers, namely, to take one 18-iuch
column and: three 15-inch columns as being exposed,
'deductin? half - their dinmetric section to allow for their
being cylitidiical, and allowing for the tie bare one-fourth

-of. the: apsce “(when setn in "end elevetion} between the

columns. The result gives s surface of 393 square feet,

-the’centre of -pressure being 41'8 feet above the top of the
. base yieces of the colunns. ’

-5, AcTion . oF THE WIND oN THE COMPLETE
' Strucruns,

For the woment of the horisontal force of the wind
taken about the top of the base pieces of the columns as s
cenire, we have—

Without any train on the hridge : —

Surface o¥ west girder 2035
o east 593

2629% 807 =212,160
393418 = 16427
o 3022% 75-64=028 567

- M=PH=208587x f \

Surface of pier . -

TAY BRIDGE DIBABTER;

And with the train upon the bridge : —
Surfweofweatgirﬁ:r 2036

» east 378
" train ,, 1336
3760 80-7=302,626

393x41'8= 16,427
P 414377 =319,062
o M=FH=319,052xf

Suriaoe of pier -

SECTION D.—STRAINS.
1. VerTicAL PrEesurzs on CoLumns,
8. Withou! any Train or Wind,

Weight on each 1B-inch column ;—
eight of ‘column - <
. superstructure - 644;901

- 45570
= 161,22

92-32 tona = 206,795 lba.
Weight on each 13-inch column :— .

eight of column - - - 35,750
. superstructure - 664;;90" =80,612

51'95 tona = 116,362 )bs.
The sectiona] area of the 18-inch column being 63 square

«inches, 92'32 tons is equal to & atrain of 1-465 tons per

square inch ; and the sectional area of the 15-inch column
being 49 square inches, 51-95 tons will produce & strain of
1°06 tona per square inch.

b. With a Train. but without aay Wind,

Weight on each 18-inch column :—
Superstructire agd column aa above . 206,795
Weight of train ‘10"‘"‘"’. . = s2,582
. 11580 tons - - =269,377 lbs.
Giving 8 strain of 1'B33 tons per square inch. .
Weight on each 15-inch volumn :—

SBuperstructure and column as above - 116,362
Weight of train 2“’3‘3" - = 26291
6368 tons - - =142,653 lbs.

Giving 8 strain of 1'30 tons per square inch.

c. With a Wind Pressure, but without any Train,
Weight of superstructure on

weat rollers - =322450~2226 % f
Weight of superstructure on
east rollers - - - =32,4504+2226 x f. -
Weight on column ] :—
eight of column - - 45,670
One-half of weight on weat
rollers - - - 1612251113 x f

206,795—1113 x f
Weight on each of columns 2 and 6:—

cight of column - - 35,750
Que-fourth of weight on west '
rolless * - . . BU,613—5665 x f

116,363 ~556'5 x 5f
Weight on each of columns 3 and 5:—

eight of column - - 35,750
Ounc-fourth of weight on et
rollers - - - BU613+458566 x f

. 116,363+ 5565 x f
Weight on column 4;—
eight of column - .
One-half of weight on eust
Tollers - - -

‘46,570
161,225+ 1113 x f
206,786+ 1118 x f

d. With a Wind Preasure and with the Train on Bridge.
Woeight on west rollers :—

cight of superstructure - 3224502468 £
Weight of tain . - 105,165 373,x_';
. 427,616—2841 X f
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SecTioNAL PLAN OF THE BASE OF ONE OF THE FALLEN PIERS.
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SHOWINC THE STRAINS ON THE TIE BARS.
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' Drawing N°.5.

TAY BRIDCE.

rm&vrn’u SECTION OF TNE SUPERSTRUCTURL 3HOWING THE PRESSURES PRODUCED B8Y .
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APPENDIX, ' : LOAX

Weight on east rollers :—
eight of superstructare . 3224504-2468x f
Weight of train - - 1051654 440x f
i 427,615+2903 % f
Weight on column 1 :—
“nght of column - - 45,570
Ous-half of weight on weat
rollers - - - 213,808~ xf
259,378~ 1420 X f
Weight on cach of columuns 2 and 6.:—
‘Weight of colnmn - - 35,750
- One-fourth of weight on west
rollers - . < 106,904— 710x f
. 142,654— 710X f
Weight on each of columns 3 snd 5 :—
“Eéight;of-column - - 35,750
~ Ope-fourth of weight on east
rollers - - - - 1069044727 x £
' 142,6544-727 % f

i \-V_eiuh_t._b[;' column 4 ; —
"Weight of column - - 45,570
.+ - [One-halfof weight on east rollers 213,8084 1404 x f

LT s 269,378+ 1454 % f
© “Prom"thése’ formule I caleulated the following ‘able,
whith' exhibits the pressures to which the geveral columns
.would beiexposed, both with and without the train, and
with wind- pressures of 10, 20, 30, and 40 lha. to the
square foot,

‘With Prosaure of Wind equal to
Pomtion of Colwnne. i
10 Ibs, | 20 lbs. ‘ %0 lbs. | 401]bs.
" Withéut nny Trin:— 1ba, Ihs, Tbs. i,
Proguire on molnmu 1 - < | ISGAA3 | 184595 8 LTIA0N | 10235
. w - eoch of cols, 3.&d [ [16,707 [ 168983 | #0507 { pa202
" » &6 | 121928 | 127,403 | 193,058 | 1380
- .. op‘l'nluu LR I Y 9,055 | 240,183 | 251,913
With's Trin o~
- - Preasure od column 1 - « | 245173 | 230,080 | 216783 | 202308
SR e each ofeols g &4 L PR 448 ( 121848 | 113144
W oo T m 25| 140.9% | 157,104 | 184464 | 171,™M
»  olomn4d - « | 7715018 [ 258,458 | SH2.008 | 317,538

2.°Forcka To OVERTURN RIGID STRUCTURE.

-t Presture of Wind required to overturn the Pier without
a ‘Train and wathout any holding-down bolts : —
Momeat of atability about centre of column 4 :—
Moment of weight on column 1=2184x
(206,796—1113x 1)
on cole. 2 and 6=15-84 x
(232,725--1113x 1)
oo ools, 3 and 5=0x
(232,7264-1113x 1)
“The sum of which is equal to
439,520 % 2184 3168 x 1113 x f
=9,699,113—35,260x f
-which is the moment of stability ; then the moment of the
wind is=228,587 X £, therefore we have S

9,599,113—35,260 % f=228,587 x f .

f =36:38 lba,
.which is the premure of the wind required te overthrow
the structure without a train npon it, snd ubnassisted by
the balts.
b. Pressure of Wind rﬂi:irfd {o overturn the Pier with
the Train, bu! without any kolding-down bolte:—
. Moment.of atability about centre of column 4 :—
_ . Moment of weight on column 1=21'34 x
. ) (259,377 ~1420 xf)

» 11

and

" cols. 2 and =1584 %
‘ {285,308 ~ 1420 x 1)
» cols, 3 and 5=6x
(85,3084 1454 % 1)

The:sum of which is equal'to
544,684 x 21'84 44 800 x
=11,895,893 - 44,800 x f
which is .the moment of stability, and is equal to 319,052
x f=the moment of the wind, and therefom we have
JS:==32°69 lha., which is the force of wind required to over-
m‘:w structure with the train upon it, and unassistad
¢ bolta. - .

B TR

c. Presture of Wind required to overturn the Pier with
the Train, and with the cohonns bolted doon : —

The moment of resistance of the bolta heing taken into
aceount we have

11,529,300+ 11,895,893 =363,852 % f

snd £ =064"38 Ibs., which would suffice to overthrow the
structure, snpposing the pier to be rigid and the columny
bolted down.

3. FoRCEs TO OVERTURN THE PIER ON THE COLUMNR
SEPARATELY.

8. Pressure of Wind reguired lo overfurn the Pier wilh- ’
ont o Train, the bolts, siruts, and tie burs being- taken i8l0.
accounl ;— i '

Inaerting the values of p,, p., p, snd p,, we have

M=1:683x 413,590 + [-458 X 465,5524-8, 131,740
=9,506,441

for the moment of stability, and we have

9,506,441 =:228,587 X f
aod S=41"588 b, X
b. Pressure of Wind required to overturn the: Pier with the
Train upon if, the bolis, struts, and tie bars beiny token inlo
eccount :—

In this case we have

M=1683 x 518,756 4 1'458 x 570,616-+8,131,74¢
x 107 xf
=9,834,851 4107 x
for the momecnt of stability, and wa have
9,834,851 =318 945 %/

end Sf=3084 1ba. ‘ s
¢. Additional Wind pressurerequired to overthrow Pierou
columns separately, with an initial sirain on lhe lie bors :—

Let u=the initial strain put upon caeh of the tie bars by
driving up the keys, then in the case of the ties hetween
the 15-inch and the 18-inch columns, we have

1% 28 % 0038 X 42==146-38 x u
and in the case of the ties between the 15-inch columns we
have
6 14 %656 X 42=38573 X u
or for the whole of the tic bars
(446884 395 7d) X u=BI2i X - -
Then for the additional pressure required tu overcome
this initial strain we have C T
5326 .
EE Xa=0003642 % u
with no train on the bridge, and
BEC
315,052 X ¥=0 002096 X 4
with the train over the pier,
Henny Law,

Mgz. Law'n DETAIL CALCULATION OF THE WIND Foack.
REQUIRED TO OVERTURN THE Skcond-CLags Can-
RIAGE. o T

MouexT OF STABILITY.

Weight of carriage, a8 stated by'Mi-. o
13,424 1ha.

Drummond, 5 tons 19 ewt, - -
Weight of eight passengers, at 140 1be. 1,120 ,,
Weight of carriages with passengers - 14,448

Half the width of line, 25 fect.
Then moment of stability from weight—14,4498 x 2-53=
36,120 foot-lbs.
Monent of stability from pressure of wind on reof=
LITXEG62 X f=156x £

MOMENT TENDING TO OVERTGRN CARRBIAGE.

Aren of | Height of
surface In | contro of
—_— squere feet, eurface | Ax B
A above raila,
L

Lampcovers, § (I'15x 12| 1'150 | 11-35 | 13058
W ow (UIx1BxY)|  0-960 1070 3-859
Roaf, 323 x 0-0281 - 0637 10-24 G-483
Body, 6-9 x 22, - ~ 1 151-800 640 | 971-530
Buffers, § (0.5 x3*75) - 0-887 3-33 3-12%
Wheels, 1°18x 307 %8 - 8-811 £+25 18-475
w375 diameter 11°045 1'00 11042
174-100 5790 11087 -48;




x‘.

Then when the carriage is on the point of overturning,
we have P :
361204156 X £=10275 X £
: T 36120 ="10119. x 1.
And.f = 35'69 = the force of the wind in Ibs. per aquare

foot required-to overturn the carriage when fully exposed.

TAY nnrﬂeﬂmrzn ;

And as dyths of the surfacs was shelbered by the latsice
girders, wo hﬁt%:ﬂ'z’ 1bs.=the foree of wind re-

1uind to overturn the second-class carrisge when within
the girders, )

No. 4,
SecoND REpPOHT to the CoURT of INQUIRY by Mr. Law,

L0777 bland ‘46, Queen Anne’s Gate, Weatminaster,

TLEMEN, ., . May 20th, 1880,

%77 -] HAVE now-the horiour to report generally on that
portion of the T'ay Dridge which ia still standing.

~=In tomplisnee with your instructiona I have had sound-
itgn taken along the centre line of the bridge, and. have
plotted the same upon the original seetion of the river bed
aa sent to the Board of Trade, and the result is shown
upon the accorspnnying section, the hlack lines in which
vepresent the hed of the river, as shown in the section aent
to the Board of ‘Trade, while the red lines and figures show
the river hed and- the soundings taken for the purposes of
thjs inquiry. . - . .

" The-datum»to.which the soundings have been reduced is
the tevel of ‘the zero of the gauge at the entrance of the
William :the."Fourth~ Dock, or 127 fest below the high-
water line shown on-the section sent to the Board of T'rade. 1
have prepared 8 tabilur statement, which is appended hereto,
showing.the déptha of the.foundations of the soveral piers
snd the depth of the lowest part of the river in their
vicinity. It is ovident from the recent soundings that the
régime of the river at the bridgs is not fixed, and that there
is & tendency to scour in some places and to deposit in
others,

“Ever since the completion of tha structure the bed of the
dver in the neighbt_iurl:lood of the bridge has been carefully
watched by Mr. Noble, aud wherever be discovered » ten-
dency to acour, he deposited rubble stone, piling the same

that in their prasent condition these extornmi cwiumus arc
of very liftla service in strengthoning the structure: firstly,
because of the very unfavoursble jangle of the wrought-
iron ties which connect them with the 16" columns; and
secondly, becsnse they have no direct tie at the upper part
of the perpendicular columns to remst the thrust of the
raking columne.

There ore indieationa in one or two of thess piers of a
considerable force tending to overthrow the piers, having
caused a disturhance in the upper conrses of the masonry.

The 49th to the 53rd piers conaist eash of four vertical
columns carrying the weight of the superstructure and
without mny ralang columna. At the last-mentioned - pier
the straight portion of the railvay ends and:a curve com--
mences with a radjus of 22} chains, the line also having s
falling gradient of 1 in 73-5G, L

The 54th, 57th, 61st, 65th, 69th, 73rd, and 76th .piers,.
each consiet of four vertical columns, which carry: the -
weight of the superatructure, with two raking columns on -
the western side, which serve to resist the centrifugal strain
resulting from the curvature of the line,

The intermediate piers consist simply of two vertical and
one raking column intended to be in one plane, upon which
the lattice girders of the superetructure merely rest with-
out any kind of attachment. The moat lofty of these
tingle piers is No. 55; the height from the top of the
caisson to the underside of the girder is nearly 55 feet;
there is no kind of utaE to prevent movement of the heid

of the coluwns in the ion of the length of the bridge, -
and there is oo kind of mttachment between the:girders-
and the columns, or even (in this particular.ingtande) -
between the girders, which merely rest upon dpposite sides -

wound ‘the piers in the msnoer shown upon the section,
Notwithstanding this, however, it will be scen that in many
places there: is;still a tendency to scour, and it is avident

‘hat.it will'be neceasary to continue the same constant in-~

ipection, und tu  depoait-heavy materia) wherever the hed in
found to heve heén deepened ; for, although there is nothing
it.present Co.creats alarm, there is sufficient to lead to the
helief that tn” time the foundations of some of the picrs
night beconte undermined.

After carefully examining the piers I can find no indica-
tion of any-settleincut or sinking of the foundations, but
in‘one or two instances there arg vertical eracks in the sides
of the hexegonal brick piers, which have probably been
secasioned by the: expansion of the concrete in setting ;
these - piers .enpaisting of an external wall four bricks in
thickness, filled in the interior with Portland cement
zopcrete. .

As is evident from the table there is considerable variety
both in*'the-rmode . of . constructing the piers and in the
detaila:of - their{oundationn. ;

“Tho-28th ~ 41at piers, bemg the laat piers on either

of the top of the colomns, withont any provision for
carrying the weight of the girders and their superincum-
bent load vertically down through the axis of the column.
I chserve that in thig pier the columna are nat in the same
verticsl plane, and 1 am decidedly of opinion that some
modification should be made in this portion of the struc-

ture, .

I find thst in spme casea the lengths of the lattice girders
do not correspond with the distances between the centres
of the piers, and that as a consequence the jojnts of the

irders sre not verticelly over the centres of the piers,
evisting in e ingtanoces to the axtent of 1B inches,

1 did not consider that my instructions worranted me in
making s critical examination of ev grl of the existing
portion of the siructure, which wouﬁ a work requiring
a very large expenditure of ¢ime and labour, but the géneral’
examination which I have made is suffient to show thq:

necem't{y of & vary careful and minute inspection being -

side of ‘the standing.portion of the structure, are of similar
made of every column, tie bar, and strut, aince one or.two .:

construction, .to those whieli have fallen, snd are a0 much
injured (more ‘particularly the latter one) that it wil e
neceasary to reconstruct them. It m evident that both of
these” piers lLiave been subjected to & considerable force
lending to overthrow them towards the east, as the masonry
11 disturbed and Ifted under the western ¢olnmna.

The 15th to the 27th piers on the south, and the 42nd to
the 48th on the north, generally resemble those which have
fallen, but differ in.some of the details of construction. -

The columus on plan arc similarly arranged, but the
weight - of the superstructure is wholfy horme by the four
16" columns,-which are bolted to s foundation piate, and
-are surmounted- by a square wrought-irom -box girder or
éntablitore which - supunrte -the superstructure. The two
eaternal’colamng are 127 in diameter, and are carried up
-perpendicularly until within one utarz of the top, when the
igat or upper column is inclined inwards toform a mking strut
to the wroughteiron box girder or entablature. It is evident

of the columne are’ eracksd, e described by Mr.:Noble in,°
his evidence. Some of the tie bars have become loosé, and -
have been packed, and some of the columns exhibit external .
avidence of inequalities in their thickness.

In mskiog these remarks 1 have no degire to lead to the
inference that I conderan the whole of the existing. strue-
ture, but 1 wish very distinctly to state my opinicn that
eve Fortion of it ought to receive o most thorough and

ol inspection, in order that should it he found that the
holts of the tie bars have become orushed or bemg$, or
should the struts not have efficient bearing, thess and any
other defects may be discovered and remedied, together-
with those whick ] have more particularly. mmted out, =l

& l)h.v'e',‘ A
'To the Commissiouers for the
Tay Bridge Casnaliy..

Huiny. Law.




APRERDIE,:

TABULAX S7a7EMEN1 thowing the Noture and Deptb of the Foundations and the relative Depth of the

bed of the River.

No. Depth of Distanco of
i Neture af foundation. Noture of pier. I oo sida of | Altoration In bod.

- . datomm. piar.

1 [ On the land - . Roctangular brick pier - — — —_
2 | Abovo low water - - ” ' - _— — _—
$ | 2 iron caissons, 15 ft. 6 ins. diam. | Circular brick piers - - 55 _ Deposit.
4 » » » " - - 11-8 385 ’»

5 " " » » - - 40 18:0 ”

6 ”» » " » - - 21-8 18-0 "

7 ”» ) » » = - 19-8 28-0 Scour.

8 " " " ” - - 22°0 80 Dapaonit,
9 " » . ”» - - 45-8 7-0 Beour.

10 " " " ’» - - 23-0 -] Unaltered.

1 " » " a - - 268 00 Depouit.

12 “ a . . - - 26°0 7'0 Beour.

_I,a,r‘ . e 1] » .n " - = 360 () ]

l‘. 4 " 1] » " - = 258 5".5 ».

15 | 4 " . 6 cast iron onluions, 4 16 ine. 308 4'0- » .

: diam. and 2 12 ins. diam. R DFE-

16 | Owal onisson, £2 ft. by 14 ft., with " » 236 16-5 | Deposit.  ~

17 " " " . 22-3 17:0 »

I8 " " . " 232 28'5 | Beour.

12 |- » » " " 236 124 Depouil.

20 | 1 caisson, 31 f. diam. » " 830 114 Seour,

21 - » - . " " 330 110 Deposit. .

29 | 2 irou caissony, 13 ft. 6 ins. dism. . » 32-8 23- Adr0 »  And scour, -

23 » " »a ”» 323 24 4208 Seour.

24 l.l ” »n " 23 28- 28°3 I and dEPUBiL :

a5 " " " . S0-8 19° 23-5 | Deposit
26 » ” » " Jo0-8 21 a7 u Seour.
a7 . ) », ' ”» " e s 19- 270 o
.98 |1:irou-caizson, 8} f, dinm, 6 cast iron colomns, 4 16 s 338 28 26-0 »
diam. and 2 18 ing. dium.

220 |- " " » » fallen 34-8 197 270 »

30 ). " "» " " 310 16°7 243 »”»

.81 " " » " 31-3 25°2 350 ”

823 » " " " 30°8 233 230 "

. %8 » » " " 27°6 225 an-n "

-34 | »” »» » " 290 22-7 33+0 "

85 " " » 28°8 20°5 2g-0 Unsltered.

‘86 1] » » M 280 370 42:0 DEPOSilmdﬁwur.

ar [ » " ” 308 242 32-5 Scenr, -

38 | " " " » 81-3 293 18-0 » ’

29. M " " ”» 310 235 255 »

40 " " " » 330 287 350 ,,

al . " ,, . 34°6 252 24'0 | Doposit,

42 | 2:iron caissons, 15 ft. 6 ine. dam. | 6 cast iron columns, 4 16 ine. 410 a25+0 a7:0 "

' - diam. and 2 12 ins. diam.
43 FEPTE ”» ” " 447 24-8 29-0 »
R I " . " 356 155 19-5 »
48 " . » n 37'6 280 2140 n
RT3 " " " » 36-0 117 15 "
AT : " " ar-3 12-6 15°0 »  ud scour.
48| ” . 336 10-8 30-0 Scour.

49 | 4 caat iron columna - . 236 1-8 16-0 "

80 - » ” - - 82°5 4-9 83 »

5l - " ,, . .| 863 45 80 "
oz » 2 - » ” - - 22'9 2-7 30 Dcpoait.

3 S » - » » - - 230 01 83 ,» aodsconr,

34 { 6 iron caissons, 6 ft. 6 ins. dam. vortical and 2 raking cols. - 24:0 23 50 ”»

5 |3 » » n 1 » - 240 34 50 n

56 |8 " " " 1 " - 28-0 83 35 »

37 |-6 » » " 2 » - 220 +1-3 33 »

58 |8 - " " 1 . - 589 +1°1 85 "

13 ” " » 1 w - 216 -7'0 58 o  andscour,
6‘0‘ ’3» ” H ”» 1 » -3 60 55 ” »
8|6 ” w2, -0 73 10-0 v
,6.9" 3 N » " ” 1 » - 30-8 47 25 ”» ”
68193 » ”» " 1 " - 200 68 43 » »”
64, 8- “ » » 1 w - 20°8 65 295 ” »

65 1 6 » ”» " 3 w - 208 98 113 Boour.

96 | 8 » 2 " 1 " - 17-3 42 86 v and deposit.

6718 " - : " 1 " - 175 58 10-0 Peposit.

68 | 8 ’ » » ] " - 17-3 66 %-0 ,»  and moont,

69 |6 M M . 3 ,, L] 17 110 22'5 " R

0,8 |, . " " 1 " - 166 97 “18'5 | Beour.

nis " " " 1 " -] 16-8 n-s 815 | Depoeit.

72 (3 » " o I " - 163 90 31-0 | Beomranddeéposit

73 |6 "o ” ” 2 " -1 1587 93 105 . - »
7413 ” " " 1 " - 17°0 12 81+5 " »
5|8 » " n o1 " -| 163 11-2 20-0 » "
766 " " 3 N -l 163 77 19-0 | Deposit.
77°(.8; » " " 1 " - 148 84 19:0 - N .
78 | 8 iron oylinders, 7 /. diam. - } 2 iron eylinders, 6 ft. diam. - 98 61 280 »




a0 T TAY ‘BRIDGE DIBASTBR :

No. 5.
CORRESPONDENCE between the COURT OF INQUIRY and the Noute BRITISH RAILWAY COMPANY.

* Office of the Wreck Commisioner,
Somerset Houss, London, W.C,,
Sin, ‘ January 23rd, 1880,
Ix order that we may be able to form an opinicn
on the causes which have led to the recent accident to the
Tay Bridge, it is necessory that we should receive fuil
information on the several pointa raised in the enclosed
waper,” Will'you therefore be good encugh to lay the same
Lifom the - Directors " of your Company, sad request thet
they will give directions that we he furnished with the
required information with as little delsy as possible.
Reference was made at the conclusion of the recent
sittings at Dundee ta a paper which had heen read by Mr.
Gilkes, the contractor for building the bridge, and to a
diseuission which had ensued thereon, and we were informed
thét ‘prints of that paper and a report of the discussion
would-be sent to us. e shall be glad to receive them at
your-carly convenience. )

““We-shall also-be glad to receive from you any statement
shgwing. the grotinds on which you consider the bridge to
hiive been ssfe: for the passage of trains, and the causes to
which ‘you-attribute.the fall of the bridge, and any written
evidencewhich: you may wish to lay before usin support of

o

our views, .. .
4 “Any comimunications which you may have to make to us
should he sddressed to-the Wreck Commissioner, Somerset
House, Lendon, W.C.

' We are, &c.
{Signed) H. C. RoTtugry.
W. YoLLAXD,

The Secretary. W. H. BasLow.

" . . North-British Reilway Company,

o _"-(5‘ Edin‘urgh.

‘I%rORMATION is-required from the North British Railwe
"+ "Compaiy;on the following pointa in connexion wit
 ~the Inquiry-inté the Toy Bridge Casualty.

- 1. “Tie total.weight in each of the spans taken between

the centre- 1inss of the piers, distinguishing tbe weight of

(1) the longitudinal girders, (2) crosa girders, (3) crosa

‘bracing, (4):the permanent wey, planking, ballast, &c., and

(5)-the water pipes and other dead weight,

2 The aectional area of the upper snd lower bdoms of
the girders, after deducting the rivet holes, at the centre of
exch span, and-over each pier. )

3. The weight of the iron-work, inclusive of the hed
plates of the girders in cach pier. .

4. The estimnted vertical etrength of the girders of each
‘span; and “the maximum stress per square inch on the
upper and-lower booms and disgonals due to the dead
weight and ssanned moving load. )

-5, The . estimiated eorface of girder exposed to wind
presture;” aud- the allowance, if any, for wind pressure;
stating also whether any and what allowance was made
for the action of the wind on the leeward girder after
rmasing through the openings of the windward girder, and

}or’the resistance srising from the upper horizontal cross

Dracing, the deck or flooring and the permanent way guard-

ruils and hand-railing.

6. The estimated surface of the train exposed to wind
actron, with o’ drawing of the traiu in position on a span of
the bridge. - ‘ .

174 The:total eetimated surface of girders and train com-

exposéd to wind pressure, stating also whether any

“and-what allowance was made for the shelter afforded by

‘the trawmn ‘10 the-leeward girder. o

" 8. Thelestimated:surface of resistance offered hy the iron-

.work of the:piersto the action of the wind.

.+ % TTie estimated maximium in €T aq1a

‘inchion the colupins near their bases, arising from the dead

- weight of the structure and from' the additonal:weight of
{hie: engine and: train. :

“10. The estimated increase of pressure brought on the
lecward ‘colimiis near their bases by the action of wind
pressure, stating acparately ite effect in tons per square inch
on the outér 18-inch column and on the two inner columns,
and avsnming preasures of wind of 1v lbs., 20 Iba., 30 lbs,,

- mnd 40 Ibs. per square foot.
11. The estimated diminution of pressure, and the ten-
_sion (if eny) brought on the windward columne with like
preasures.of wind.
12, The estimated tension (if any), stated in tons per
uarg inch, on the bolts which connect the windward
columne with their beses, and on the holding-dewn bolts,
which copnect the bases of the columns with the. masonry,
with like preasures of wind.

ressare in tons per:aqiare -

13. The above estimates of the effect of wind Emunra to
be made, first, when there is no train oo the. bridge;

*secondly, when the train is on jt.

14. The dimensions aod mode of fastening the holding-
down bolts to the masomry or brickwork, and the weight .
of masonry or brickwork which would operate in resistin
tension (if any) at the bases of each of the windwar
coliimns.

15. The net sectional area of the diegonal ties of the
piers, after deducting the bolt holea,

16. 'T'he estimated maximum atress brought on the
disgonal ties in tons per square inch of net sectional aree,
taking into account the angles at which some of them ars
pla.c’:g snd ngsuming presmures of wind of 10 Ibs., 20 lbs.,
30 3bs., and 40 Ibs. per square foot. .

17. The estimated maximum stress per ton per square ' -
inch brought on to the upper aod lower horizontal crdes
bracings of the Eirders by wind presaures of 10 Ibs., 201bs.,
30 1bg. and 40 lbs. per square foot.

The North British Railway Compeny,
General Manager's Uffice,
Edinburgh, March 5th, 1880,

Sig,

ADVERTING to your letter of the 23rd January,.pre-
viously acknowledged, cnelosing notes of information re
quired by the Court of Inquiry into the circumetances

attending the above casualty, a copy of the ssme wasat
onoe transmitted to Sir Thomas Bouch, who bas, along
with otber parties, since been engaged putting in formi
th_:hnemsa.ry particulars, and the same are sent here-- -
wi

I regret I bave hitherto, failed to.get a report of any .-
discussion tbat may have followed- the reading of Mr.
Gilkes® paper on the construction of the Tay Bridge.

With reference to the second last paragraph in.your ..
communication, a5 | am not an engineer I am uonable to
uggest the probable cause of the disaster, but I apprehiend :
such muat be found in eccidents or incidents that conld -
neither have been foreseen nor avoided in the working of -
traffic over the bridge. B

H. C. Rothery, Eeq.,
Wreck Commisssioner,
Somerset House, London, W.C.

I am, &e.
{Signed) J. WaLKep.

To Sir THoMAs Bouch.

Dear Sim, Bdinhurgh, February 25th, I8RO, .
I¥ complianee with your request we have carefully:
considered the memoranduin of information ‘seked from-
the North British Railway Company by .the: Court of -
Inquiry un varicus points connected with the I'ay Bridge .
Casualty, and we have to submit the- following data’ in -
reference thereto :— ) i

We presume that the infermation is only required with
regard to the )3 lazge spans of ths bridge.

By the wording of some of the questious, they would
seem to refer to the calculations orginally made for the
structure; but we may explain that, altbough the perta
were originally despned with full regard to ali the straina
likely to corae upen them, the calculetions havo not been
preserved in such a form us to be available-for our present
purpose, and we have therefore thought it desirable to
repeat, the caleulations de novo, using throughout the.most
sccurate duta we can procure. The dimensions of the-parts
have been taken from the muthentic drawings, copies of
which have been, we believe, furnished to the Court of

Inquiry. y

“The tutal weight of cach-of the spans, taken between
the centre lines of the piers, distinguishing the weight
of (1) the longitudinal girders; (2) cross girders;
(3) cross bracing; (4) the permanent way, g.anking,
hnl_lngt, &e¢.; and (5) the water pipes and other dead
weight.”

_The total weights of the 13 spans vary, for two reasons,

iz, 1 —

(2.} Two of the spans, vir., the 6th and Hth froms the.
south end, are enly 227 feet from centre to centre
of piers, boing 18 feet shorter than the others,.
which are 245 feet ;

(5.} The extrsme spans of each eontinuous girder are
somewhat larger in the soantling of their hars
theu the intermediate ones, and therefors some-
what heavier. .



APPENDIX,

The -average waight of the 11 245 feot spans is aa fol-

lows ;—

Togs. Cwt.

Longitudinal girdera = - - 140 6
(hnssu-lprdm a-“d - - - 316
Cross bracing - - - - 15 U4
Permanont way, planking, ballgst, &c. 86 17
Water pipes (full), &e. - = 1 7
285 )]

This includes gome Lullast, water maina, telegraph pipes,
&e., which have been added since the bridge was con-
atructed, snd were not originally contemplated in the
design.

.

*‘The sectional ares of the upper and lower booms of
the girders, afler deducting for rivet holes, ut the
centre of each apan and over each pier.”

The sectional areas at the middle of the length of the
severnl 245 feet girders differ in different spans according
to the differcnt magnitudes of the stresses they are subject
to, a3 resulting from the continuity. The areas are greater
in the extreme spans of each continuous girder than in
the intermediate spans.

The following table gives the information required for
all cases :—

Total Arcen
—— . Sectionsl | deduetiog
Arca. Rivets.
8quare in, | Square iu.
At the middle of the length of each
extrome span—
Top boom - - - 575 (AR}
Bottor boom - - - LIE] 100
At the middle of the length of each
intermediate span—
" Top boom - - - 485 a7-5
Bottom boom - - . 43-3 373
iOver each pier—
* Tép boum - - -1 69-83 54+0
-Bottom boom - - - 70°G 564
Il

“The weight of the ironwork. inclusive of the bed plates
of the girders in each pier.”

We have ne yet no drawings of the piera in sufficient
detail to cnable us to caleulate accurately the weight of the
ironwork in them.

But we have received particulars of thoe finnl accounts,
sccording to which the contructore were paid for the work,
and we believe they may Ue relied on.

The piers differ somewhat in height, according to the
gradients of the railway over them. The drd to the Uth
piers inclusive, froth the south cnd, arc the highest, and the
weight of iron in cach iy given in the nccounts above
mentioned

=78} tons.

The colunus are filled with conerete, which is estimatel
to weigh 31} tons, making the whole weight, ineluding
.concrete « I10 tons,

Iv,
“The estimated vertical atrength of the girders of each
span, and the maximum stress per aquare inch on the

upper and lower booms and disgonals, dus to the dea:]
weight and assumed moving load.”

The answer to this question must, of neceasity, he some-
what complicated. We have not only 0 assume the weight
of the moving load, but also ita position on the bridge ;
for, na & result of the poculiar construction, the same load
will have different effects when placed in different posi-
tions,

1t mﬁlﬁ:onbgua be mtlli koown to the msmbmhof the
Gourt in demigni is great structure it was thought
sdvisable to take advantage of the priaciple of continedy.
by connecling seversl girders toyether over the piers,

us, begioning from the sonth end, the first five spans
are con ‘together in this way into one group. Then
follown n group of four, and then s serond gmup of four,

xiii“_
so making up the 13 spana. The advantage of this ﬂ:rranue;
ment is that the straina arising from the losds are more:
widely distributed than on the ordinary plan,an effect-that :
edwits of a considernble econoniy of. msterialiwithiont:des:
triment to the strength of the strugture, - -+ [
The stresses resulting from’different loads in- différent.
rosltiuns arc very variable, but they.admit of- cﬂculatiorf,
'y mathemeticsl analysis, und the proportions of -the~
different parts can be properly adapted-to resiat them: The:
maximuin weight of the moving lond has been takén. ui:
13 ton _\n.-r runping foot. This is_the weiglt, wo:beliavel-.
ordinarily sssumed as the maximum that ¢ap “come in'i.
vailway bridfge, us it is equivalent to that of & number’ of-
sverage locomotives placed close together.* -
In vrder tu test the affect of wuih a load it ra nccessacy -
to decide which span it shall.be put. upon, 'I'ie greatest.
strain 18 produced when the loadijs: plated “upon one;of sthe-
. Ptk

exireme apans of a continupus groupiand this.is w -
stated in snswer to the first questiin):thc; scuntlings’of.
thesc spans are incrensed. | 07 rUC L0 Sl 2ok
We have, however, thought it right {o give examplis.of
two different positions, first, on‘an extreme. span s -an

ne. span s sand,;
secondly, on an intermediaté’ apai ; _these -bave. been: fully
caleulated ont for -all parts of ‘the loaded girders, and the
resuits are given in the diagrams accompanying thé Report.
it will be geen that the maximum . stresses on” any. parts.of

the structure, under the assumed load, aré-—
On the top and bottom membera—~ -

- -Tony per !
rquare indlies.
Tensiou - -
Compreasion -
© On the diagonal bracing—
T'ension - -

Compression -

In the sbove calculations, we have nssumed. only ‘OIII'B.
span to be loaded at » time. If ‘several: spans .were loaded
together, there would be no increase of stresaon the middla:
paite of the girders; on the controry, the strain.would be

relicved.  But the effect of the continuity would be-to
throw u areater stress on the parts over the pers. -Itjs,
therefore, necessary to investigate this point, for, of -courss;
many traics are of such léngth”ay. to cover-two ‘or even
three spans at one time, . o B
But, in considering several spais loaded, it -is not neces-
sary to assume  the maximuom:-tesy, load- of '13. tona™ per,
rupning foot, ns -applied to.each:span: It is-out”of; tha
uestion that any considerable:part of:sui Tucture/ay
this could ever be covered ‘with > heavyi locor 3
cloze together ; and it woild Tiot be.reasonable, o iy it;
far a8 we know, customary t6-désign an exceptionally Jerge
bridge, with reference to.a ¢ontinuous_ load:of the weight
mentioned, which would Le s waste of expensive matérial’
On this point, therefort, we:have: thought it sufficientito
teke as a datum the g’m&ust-eiun_d{ -load ~which “can’
actuully come upon the bridge in ordinary working, .* f -
We have }Jroc_ured from the - North-British - Company
particulars of their heaviest mineral irains,” and -wa find
that so far g8 the waggons-are coricerned the actual weight;:
when every waggon is fully loaded, cornes under three-fourths
of r ton per running foot. . A train “of thwkind mey be
700 or SUI; feet long, filling -three pans of . tho-bridge; vnd
it may e drawn hy two engines-and-.tendérs; fitling about.
half & span, and weighing, of cotrée, Heuvier “per foof thbn
the rest of the train. o R
To take exact scoonnt uf (he position -of: thoengines.
would much romplicate the caleulations,:it will .siffciently
provide for them if we assumée’the: load ovet- thesWhile.
spun they ccoupy te be incréaséd from- three-fourthy Lo obe

tun pec ranniog foot, ’ ;
With these loads the worst - possible case for the atress
over n pier js where the engines stand on an extrewe spap,.
und the waggons on one sdjoining intermediate span only,:
the piex affected lying between thése spans. ' If the waggons:
cxtend ulso to 8 second intermediate span, the stréss over -
the first pier is diminished therehy. : -
We havo caleulated the worst” case out fully, and'the:
The mazimum

results are shown in di ~No. 3.
stresses over the pier will be seen to be :—

Tons pét - .
»quare wich.’
1 . - — e
Tension—deducting river holes 362"
Llow:pression - - 353

* Tho North British Compiny hovo lately msdo some very heas
;Pwi.l.l euginos, wolghing 1§ton par.l'ﬁt'run'l-.’but theud are egpu.omf
ha bridge, however, was tosted befors opsaing by uix ¢f thess couplad
fogother and | oo complete'span, [t L T T T g
- b3
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V.
" The sstimated surface of girder exposed to wind pressuro,
and the-allowance (if sny) for wind stating

aleo whether any-or whntl allz:an;;d wos n;tade for the
“.adtion of the wind in the leew irder, after pasting
through the openings of the windward girder, and for
" the resistance arising from the upper horizontal cross
bracing, the deck or flooring, and the permaznent way,
guard mils and handrailing.
This question invclves three paints for consideration ;

namely, . .
"' (@.) The surface offered by the girder and its appurten-

ances to the action of the wind ; .

(8.} The estizaated intensity of the wind pressure;
(c) The Iateral rosistance of the structure to wind

TEesure.

‘The twg,ﬂriit of these points involve much difficulty, but

~ weo will givéin.regard to them the best information we
.L.'an. .

In vstimating the surface offered by the girder and iie
appurtenances to wind pressure, we ghall assume the wind
_to-blow-in s -direction at right angles or nearly so to the
-~direction: of-the bridge. ' )
- The moit important elemant of this surface is of oourse
. the .front ‘face of the windward girder, which is directly
exposed to the wind’s action. ‘This is easily ealeulsted, and
_ we ‘make it, including the exposed surfaces of platform,
. rails; bandrails, and standards, &c.=1,950 square feet for
one-245 feet apan,

We bave next to estimate what allowance is to be made

for additional wind pressure on the leeward c{;irde.r. )

Thia involves great difficulty, and we do not think it

possible: to” calculate it with any pretension to securacy,
. All we can do ie to state some of the elements involved in
the question, and then form some rough approximation
" ihich may serve as a fair estimate in the shacnce of aceu-
e date & e wind to blow procisely dieul
- I Supposing the'wimd to blow prec in s perpendicular
: dhﬁﬂ%ﬁ:}:ﬂvg’e}y-iﬂmber of the leewsrd girder mbe theo-
“retically under cover ® of - the corresponding member of the
"iiddward-oné; ot 'we cannot assume that thie givean
: piérfect ahelter ; 7far, in the first place, the direction of the
“wind .may - e either constantly or occasionally somewhat
- abligue’; - md=:egcbndlg:llevm if it blew perpendicularly,
éxperience leads us to believe that, when any leeward ohject
is removed & certain distance from its windwerd cover,
there' will probably be irregularities in the wind’s action,
which will atill:give rise to some amount of prassure on the
sart behind. " :

On.the other hand, there are some considerations which
_fvour the view that this pressure on the leeward surfaces
-cannat be very large. .

“~If'a current-is checked by s series of obatacles in its
| caurse; 30 that only & certain fraction of the fluid can pass
-throngh; the'velocity of the current beyond the ohatacles
“wili ‘be redizced in the same proportion, and (which is of
; moré importance) the pressure of the current there will be
" further reduced in the ratio of the cguare ; 6o that a com-
paratively small series of obatacles will make a large dimi-
nution in the general pressure bebind them. .
Secondly, it 18 B common result of obaervation that when

» powerful wind etrikes a flat surface perpendicularly, the

“current is projected off on eachi side at a considerable angle,

N

givini.8.cali for a”oonsiderable. space. behind the-object.
+This:18the éxplanation-of the well-known fact that perzons
INBY-W
“is'blowing itrangveérsely ipon’ it, without feeling any wind
st .l and some’ remarkable observations of the same
nature on-the Britunniz Bridge are recorded by Mr. Edwin
:Clark ‘i his-well-known work, page 690. It follows from
this that a bar in frent will pmm a much wider shelter
hohind it then is simply due to ita breadth, and that the
diversion of the ¢urrent thus caused may possibly diminish

.considersbly.the préssure at a moderate distance behind.
- I1f now,we Jook at theleeward girder, we shall find tha:
the whols. of the bottom portion is eo well covered hy the
front girder and the' platform, that it may, we conceive, be
considered as entirely aheltered from the wind’s aetion, up

to sbout the height of the rails.  Ahove this level the parta’

of .the leeward girder are more exposed, and taking into

y.welk:-on,the.top,of 8 picr'or s cliff ‘when a furious.gale .

TAY BRIDGE TISABTER :

account the conxiderations above mekioned, we- belisve
we shall ot be nnderstating the effoct if we mssume the
various surfacéw of this girder to recsive omedalf the
smount of pressurs that comes on the corresponding sur-
faces in the windwurd girder. These amount to
1,136 feet, for which we may add 568 square fect to.the
former amount ; 4o that with no train on the bridge we
may consider that each 245 fest span offers-a's of
(1,950+-568) = 2,518 square feet to the full action of &
wind hlowing perpendicularly to the length of the hridge.

If the direction of the wind devistes much from tho

diculnr it catches more the aren of the disgonal bars,
ut jts effactive foroe becomes diminished by the obligue
angle at which it strikea the yeneral surface, and we may
probably takesthe perpendicular direciion se that on the
whole most likely to do harm.
(6.)

In snswering the ingniry, “ what sllowenbe, if any, was
“ made for wind pressure,” vur cimplest way will be to
state the naturc and extem? of the information that the
engineer hed ic guide him at the time the Tay Bridge
was designed.

The ordinary source from which estimates of the force of
the wind have been usually taken is the well-known tahle
presented’ by Smeaton to the Royal Bociety in 1759, This
table gives a pressure per sguare foot of—

6 lbw, for ‘* bigh windg.”
for9lbs. ,, “ very high winds.”
12 1bs. ,, “ & storm or tempest.”

There are atill higher figures for ** great storms or
hurricanes,” but it is stated that these are of doubtful
suthority, and only apply te tropieal meteorology.

Referriu? to the authentic records of wind pressure
gauges, in the heaviest storms’that have vocurred for ingny
years, it has been found that upon very limited surfaces, and
upon very limited times, the pressure of the wind does
amount sometimes to 40 lhs. per square foot, orin Scotland
probably to wmore. But the hest authorities who have
studied these gauges have arrived at a confideat opinion
that such high g:uu.rou arg only momentary, arising from
some irregular whirlings of the air, whioh extend tone great
distance, And if it 18 considered ss a practical matter,
what o lateral pressure of 40 Jbs. per square foot really
means, and what effect it must produce, cammon cxpe-
rience muat render it vely doubtful whether .any such
pressure can be sustained by objects ordinarily exposed to
the wind’e action.

For these reasons, in designing the bridge, a maximum
wind pressure wos assumed acting over the surface of a
span and pier, equal to about 20 lba. per square font (being
more than double what Smeaton allowed for a “ very high
wind '), and the dimensions were palculated for this pressure
with the usual margin of safety.

We have calculated in this Report the éffects for 30 1bs.
and 40 1bs. wind pressures, 88 we have heen . désired, biit
we have called them ** oxceasive pi ,” being’ beyond
that for which the hridge was designed. I _

(c.) .

The luteral resistance ?]ered by the girders lo wind
pressure.—Ag the effect of the wind is much sugmented
when a train is on the bridge we propose to postpone our
notice of this point tik the train is considered, which will
be in our anawer to Question VII, .

VI.
“The estimated surface of the tmin exposed to wind
action, with & drawing of the train in position, on u
span of the bridge.”

This question doubiless rofers to the train which was
upon the bridge at the time of tbe casualty. A drawing of
this train hes already heen furnished to the Court, giving
the dimensions and weight of each vehicle, as well as the

- laterul surface it exposes to the wind.

‘The total side surface in there atated-st 1,759 square
feet. But some portion of this is inclined more or less to
the wind’s directions, such as. the large oylindrical parts of
thefmgine, the buffars and lamp covers, and the carriage
reofs. .

Making allowance for these, we estimate tho surface of
the train ne equivalent to about 1,650 square feet opposed -
st right sngles to the wind, This does not take into

sccount any shelter from the bars of the windward, girder,

The pomtion of the train in reference to the girder it
will be convtqip_.nt to leave to a future question, . |

There ia a point connected with the effeot of the wind in
the train which seeing to us of 80 much importance, that,

although not epecially mentioned in the inguirics we are
snswering, we thiok it right to add some remarks upon, jt:.

This s the resistance” which the saveral vebioles-of this
train offer to overluping hy the, %!?p&ahmfm



. APPHNDIX.

wind. ‘Weo hare caloulsted what maximum force of wind
would saffice to-overtnrn esch vohicle of the train hehind
tbe tender.

‘We have.added to the given weights of the vehicles an
allowance for 70 passengers digtribnted equally in the third-
class corriages &hmwm we understand, none in the
gecond or first. class), Caleulsting then on thess data, we
obtaii-the. following reaults —

-Pregsure of eidewind which wounld suffice 1o overturn the
geveral cormages of the train,
. Allowing for the
—— When inthe | %o oser of the
open. bridge.

Lbs. per square | Lba. per squarce
foot. foot.

Np. L, Third class - 39 43
2, ” »o T - 39 43
3. First ,, - - 37 394
4, Third ,, - - 36 49

- 5.Becond ., - - 284 302
6. Vao - - H-2 36

. There are two considerations which give n special import-
ance to'this point.
=~ First; if it i8 true, as the best authorities believe, that in
heavy.gales thero aro exceptional gusts of great strength,
whicki- act for limited times and on limited aress, it is
reasonghle to conclude that one nf these gusts, acting in
" the limited ourface of n single carringe, might have force
enough tn overurn it when the preesure on the whole
bridge or the whole train would be much more moderate,
Secondly, when onca the windwerd wheel of a carriage
was lifted off its rail the stability would proportionately
decrease with an increase of tilt, so that if a momentary
.gust muve afstart to the vehicle, o diminished pressure would
auffice to complete 1he overturning to such an extent as to
-caune the rmof to impinge ugnimt the leeward girders.
- ~'F'he’conplings would do bat little, we think, to hold the
carriage . down, for they might be easily moved through ths
-gmali distance corresponding to the upaet of the vehicle.

Yii.

* The total estimated aurface of girders and train com-

" -bined, evpowed to wind pressure, stating also any

anid what allowance was made for the shelter nfforded
by.the train to the leeward girdar.”

Assuning that this inquiry refers to the train which was

passing. over ‘the bridge at the time of the easualty, we

estimite the surfaco as follows:— ’

Superfigial Feet.
1,950

_Sirface of windward girder -
. Surface of train expressed in equi-
" .vulent flat surface - -
Dediict for shelter by the bars o
_the’ windward gimler (244 less
~-15-for pheltering inclined sor-
-facen) * -’ - - -

. Surface of leeward pirder as for-
" raerly estimated under question &
Deduct for shelter by train ns

above - - - -

1,136
244

. ay2
_Take half as effective (as explained
‘under quesiion 5) - - - 446
"Total- surface which may be con- o
sidered as exposed to the full :
.preagure of the wind - - - 3818

- Xvii,

** The estimated maximum stress Per ton per square inch
" “brought on to the upper and lower horizomtal cross
brecing ‘of the girdors by wind. pressures of 10 lbs.,

* 20 Jkig., 3¢ Iba., 40 Yhe. per aquare foat.”

‘W 'place this question: here' Bocause it really forms a
sequel 1o No.' VAL and we may take it that questions IV,
» XVIL.,-c0mbitéd, raise gemeraily the whole subject of

the resistance of the girdara to a heavy side wind. We will

¢ em— A — e et e e 1

v

accordingly here explain the caleulations we have made on
the subject. .

The structure of the girder considered with reference to
a side pressure consists of two resisting tables. The two
upper booms of the girder, connected hyq:orizontul braciog,
form one table, which we may call the top wind table; the
two lower girder-booms, which are also connected by hori-
zontal bracing (and are further strengtbened hy the road-
w-jl'eplntiorm » form what we may eall the bottomn wind
table. The action of the wind gives a tensile and compre-
hensive atress on each of those tables of the same nature
08 those resulting from the usual vertical loads.

It can be eamly shown that the streases resulting from
the wind alone, however fiercely it may blow, are so insig-
nificant aa not to merit notice. It ia only when combined
with other stresses in the same direction chused by the loads
that they require attention.

For this reaacn, in order to judge of the effect of the wind,
it ia meces to assumes train of some kind oo the bridge.
particularly as the side surface of the train considerahly
sugments the wind’a action.

here may be two varieties of effect produced. A
heavy mineral irain will produce the. greatest “stresses
from Joad, but will offer the least surfaoe:to the wind; on
tbe other hand, a light passenger train will produce the’
rmgen wind stresses, but will have the 'least effest:as
oading on the girders. We cannot have the twe maxima.
together. .

n order to reduce the test to figures, it is necsssary to
take actual examples, and we have taken one of each lind.

(1) The heavy minerl tmin described under the answer

to the [Vth question ; and

{(2) The light peasenger train that met with the

cagualty. ’

Heavy MingERaL TRAIN.

We have already stated the effect of this sa lead. It
remaing to estimate the additiun due to the smide action of
the wind on the girders and the train.

Allowing for this, at tbe several pressures mentioned in
thglqueations, the results come out a8 in the accompanying
tabie.

Liout Pasagnore TrAIN:

This train will only 8it onc span, and to_produce with 1
the greatest strain on the girder, both as regards gravity’
and wind, we must suppose it placed on one of the extreme
sLmnupf a continuous group. The affeots will then he as
anown in the tahle.

Tabre showing the Maxinus Errgcr of Winp on the
GIRDERS.

Stress, Stréises an increngel by o™

whoni side wind at.variodn - -
—_ there, pressures:per square-foot.
ia no ~ —
- | 10 Ibe. | 20 the.{30 1be.] 4oits,
Tona Excessive
per . Pressures.
Heavy Misgear TRAIN. |‘lsq. in. ¢ *)
Tensile siress on top
boom over pier, lee-
wurd side (fivets de-
ducted) - - =1 462 ) 47T 1492|507 520
(ompresgivo stread on .
bottom boom onr'
pier, windward side - | 5°63 { 3-78 { 4-03 | 4-28 | 4-53
Ligrr Pissgwazr
TRAN.
Tensile stress on bottom
beom, middle ef girdar, st
leeward oide (riveta { ° '
deducted) - - |2°80 ‘325 | 3-50{ 3-85 | 4
Compressive stress “on ! B o
top boom, uidﬂ.le‘of' : a4
ginder, windwerd aids -{.3+70 §-2-8¢ 291 | 8-01 | 81
ar

e jto

The mazimom 15 pex aquare inch brought on

to the horidondal’ Ghags Wracing of the girders, we estimate
as follows, including ﬁ%umﬁhe light p:.sae;ger train.

Paatmintd

h 4



xvi

r i » )
i Wind Pressures at

10 1bs.'20 Ibe. 30 1bs.[ 40 1bs.

. —_ — ! ———

‘ 3
% . b | Ex cessive
Urpen BeAc1Na. < i ressures.)
Topsion - .- - = =085 19D 285 340
‘Coropression - , - - =~ 0°70|1-40 210 2°80
Lowenr Bracive. i o
JPémson. - -§ 1087 (3975 5e62 ;750
Compression -3 1450 | 300 {_i-:,u | 600
v , - |

" No credit,is taken in.these galeulationdfor the stiffening
effect of the platform and peratanent way, which is so con-
sidersble, that itiis often deemdd) sufficient of itself to aford
“the lateral ssiffening necessary.s \

/ VIg.

* o The estimated surface of rgsistance offerefl by the iton-

"+ . wokk of -the'piers to the fetion of the #ind.”
.. Eachi piet consists of- 6 columna conrkected Ly a great
‘namiber -of ‘bricing -bars in Surious dipections, and the
‘deterirination of the effective ?:lface expesed to the wind’s
action Liy-sucha compheated eftucture ismot possible with
:any precision.” “All we ean do j to make guch an ampirical
edtimate of it ag seems reasonaie. o - .

The columns hi:i;ﬁ:";hei).lm t deme;tmg 'c:lculnicg:.
If we suppase the wind blowiag in a on perpendi-
‘calar to'lgfe',length’of the bridge it will sfriké® openly upon
ithree of them ;-but a diviation fromy the perpendi-
ctlar will cauan it to atrike foug, namely, three 15-inch and
ane 13-inch.  Westherefore hgge sssumed this condition,
and W@ have-estiriatedtne forghdof the cplumna secording
to thévule given by ‘Psplesgpr Raukine, namely, byhaking
a reduction of ode-halEforghesounded sarfuor.

TTWith regard 1o thes brijng bars, hud the other Two
coluifliy which sve oy under ghelter, w«; not
‘to‘-;nﬁl-ga"tillyL&c tigh ; hur wathink it™Wwill be

nalileestimdte to sy Jor the actjon of thigwind &

BIICAY 1 o
sitrlhogioy sl ta, vogfourthf #hc entire res of the opeu-
fiﬁ&;:m}'l‘eeﬁf G_\é oludinejps Beasured perperidiablarly to
ithe Wipghl’s-direcign.. & - &2, ¥ .. N
* 14 ahould.aln e mastioRed #hat the hox-girderforming
the sfimit.of: the pier: presents surfaces inolinc-to the
i\:ilrind’.ﬂ; an angle of 45% fg which we have _moilée o
edughfipn. | . I . o

“Caltfing out these @ringg ?:s, we estimate tha-aurfave,
which msy be copmdéfed ‘be gxposed effectively to o per-
‘pendicular wimd actiofr, tor the higheat pier, at ahout 400
square fert. % ts- B

. ‘i IX. : -

o
[heestimated maximum pRessure in tons per sgusre
“igcl:.on the columng pelr their hases, ansing from
thé dead weight -of the gructure, dnd from the nddi-
‘tivnal sveigh. of the engifie and trafn.” °
: :.l'rT.jt,I]é,_ar’:i;qre"rﬁ,’o"thiaji’pestiﬁ.we hovetaken into account
‘the “etfect “of -'epntinvity in ing the pressure on the
jiers, - RN .
P With the uniform dead weiyht of ‘the structure only,the
pier most strained.is the one bgtween an, extreme span sod
the adjoining intermediate ‘This pjer bears consider-
ably otore than’ the dead wcz%of one ppeping, Adding
tis this the weight of the porty
piates, we fiod that the maxi pressuje on the columns,
uear-their bases, arising {rom the dead whight of the struc-
.ture, will be 1% tons per square inch of metsl. .
-_-As regards'the addition of* the liye load, wo must of
“course fix on Borne kind ofigrain, as, explained in our
-anmwer to. queation IV, Wm\bave tried each case there
_mientipned, andnFe find that the one which“will cause the
“hesviest: downwird preasure qo the piegAnaking account of
The effect ¢f continuity, is theeavy migteral train covering
Ao ‘spany;‘maimely, one extremglopan aad oue intermediate
apan adjoining, . o :
- Qalcul_uﬁngﬂhrmfore, the pressure ?n the pier betwean
. these two apans, and adding, an beforeithe weight of the
“pier, -we- obtaig the maximuwm pressuye on the colymus
near their bases; due to the combined ‘dead wnd live loads,
equél.to 2725 tons per square inch of metali’ :
oo X %

“ The egtimsied increase of pressure brought on the
iseward columns near thdfbuu by thg action of
wind-pressure, nrt-.tmal scparately its effect in tona
per squake inch on the outer, }B-inch colvmn,snd

of the fier above the base -

No wind - - - - - 1-4 I-4 -4 14
Wind, 101lbs. » - - < 07T} 1:1] 1'7] 241
e Mo o 2 - . 0 07 20| 28

0
: {aelbo. - 0 0 1
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on the {wo inner columns, and Assuming pressures
of wind 10 lba., 20 1ba., 30 lbs., 40 lhs, per aquare
foot.” - '

“ The estimated diminution of pressure, and the tension
(if any) brought on tha windward columna with ke
pressure of wind.” XIl

* The eatimated tension (if any), stated in fons per
square inch, on the bolta whicg connect the windward
columns with their baaes, and on the holding-down
bolts which connect the bases of the column¥ with

. the masenry.”
X11IL .

*“ ‘The above sstimates of the effect of wind-pressure to
he made, first, when there is no train on the bridge ;
second, when the train isonit.”’

It will be mo#} convenient to take these four queations

together, and gire a joint'answer to them,

The manner in which the combined vertical and hori-
sontal forces witt be distributed between the various legs of
the pier is sord€ybat chacure, but we have mada the beat
catimate we can of the division. The effect of the latersl
action of the wipd will be most felt on the extreme wind-
ward and leeward columans, but at the same time the inter-
mediate ones will aid materially in furnishingthe necessary
resistance, Y ’ .

According to the usual well-known rule for euch siruc-
turea, if the reapltaut of the horizontal and vertical forces
falls within the base of the pier, it will be stabla withont
soy need of tying down to the foundstion; snd we have,
‘socordingly, whim the pier is within this condition, assumed
ne tensiofhon tg bolts on the windward side. If they are
put into gensiop they may be an additionel security and
will relieve the sompreasion to leeward ; but they are not
necessary, and pmay be removed without endangering the

ier. 2 ; : :

We find that with no train on the bridge the pier will be
stable 50 long as the wiml pressure does not exeved-d7°4
19, per sguare Toot. Beyond this it roust he tied down,
and consequently for the extremqgpressure of 40 lbs. wo
have calcnlated fhie necessary tension on the Lolts, assuming
that, hy reason’,of the small cogrpressivility of the con-
crete, the whole compression will be taken hy the extreme
leewar} column, ‘-

In ealeulating the increased asgion of the wind on the
pier whens train js on the bridge, Jv have taken the most
unfavourgble case, that is, a .train-which, with s compara-
tively amall weight, offers a large gide surface to the wind ;
and we cannot Liave a more suitable exsmple of such a train
then tle one which wes crossing the.bridge at the time of
the casualty, of which we have slready given particulars,

In answeringmquestion XVII. we supposed this triin to
cover one spany but it will be right bere to change its
position, fhat ig, to assume it standing directly over one
pier, 2o a5 40 get the mast trying effect on that picr. ;

Under this condition the pier will he stable without bolts

- till the wind prpsaure reaches about 34} lbs., beyond which

it 1nust be tied down. -

The following are the streases, in tons per square inch:of
metal, sustained in the verioua cases mentioned in the
juesiions :-—=

' Wind- f | Lee-

ward, ]1‘:::: ! ;I:i:_, ward

—— : lg—iu. ; ) l " lg—iu.
. . Co- . : Co-

’ Jam. !lnmna.; ]u'mns.‘ jump.

Ry
1
I.—Na Tnamw 'ox Boince.

o F
-
»

i 80 Tbe. ol o i1
Excessive presigres Tenwion on the bo
40 lbs. L- 0 0

-

II.—Ligsnr Passgngsr Tualns
BTANDING OVER THE Prek.

+ No wind - - - - = 1°7 17 1-7 7
Wind, 10 1bs. - - .+ .« 08! 1-3] 3°1 6
e 08| 2 3

=

Excetsive pressares
‘

=
o & 8 B0

40 1ba. -
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-the metsl bears' the whole weight, nothing
ng

APPEXDIX,

: ¥ SIDpraseions ions-are given on $he supposition that
b e gpdng allowed
for the bearing power of the conorete filling.
In regazd to the holts which hold down the eolumns to
-the masonty of the pier, we ars informed that they are four
for .each o3lminn; 1} inch diameter. This will give mora

_gres.than the bolta which connect the flanges of the

columns, and the tension on them must be reduced in

 proportion. .

.. We must again state that we cannot believe the two
: ures we have marked * excessive ' could ever oeccur
over tha whole surfsce of girders, pier, and train; and that
bafore 40 lbs, could be reached, the train would be over-
thrown. Henece we believe that practically no tension
conld arise oo the.windward column which could affect
the'aafety of the pier.

Xiv.

© # 'The. dimeasions :and mode of fastening the bolding-

+down-lolta to the masonry or brickwork, and the

.. .-weight of masonty or Drickwork, which wouid

- operate:in-Tesisting tension (if any) on the bases of
each of the windward columns.”

" We have Lesn.informed by Sir Thomas Bouch that the
bolts-here referred ‘to-are  Lewia bolts,” 34 inches in dia-
.meter, ot the lower end, and 1} inches diameter at the
uppefend.

_ 'I'hoy pass.through the cast-iron base picces and, below
these, also through two couraes of ashlar coping, together
2 foot 6 inchea-thick. "The bolts were run into the holes
“with' cement. -

" 'The weight of masonry which would operate through

- these..bolts in -holding the windward columas down

‘depends -on .the holding power of the cement or mortar,

- which "is ‘usuully taken at 10 to ¥ tons to the square

foot,

It <has, bo\-devuer. been explained in the answer to the

*-1ast ‘question: that up to & wind pressure of 20 lbs. per
~-square foot, for. which the bridge wes designed, there could
. be’no’ tensivn.on- the bolts, and thercfore there was no

aceagion to.provide any anchoring under them. Such

: anchorage Ag thers is, was, we presume, intended to add to

. the margin for stability without any precise determination

“of ita amount or velue.
- pressure A3 would render aunchotage sbsolutely mecessary

T'he condition of such a wind

was not, we believe, contemptated in the design.

Xv,

- «"The’ riett ‘sectional area of the disgonal ties of the

- gurront-res

. top’ plane of -
_ horizontal force applied thereto.

"bo.as folle

* piers, after dedueting tho bolt bolea.”

. Aocurd.mgto the -best information we can obtain, the
ties \'vére'des%lgnéd.to‘ be “4% x 4,” out of which a bole

lias to'be deducted for a 1} ineh bojt. ‘I'his leaves a nett

sectional area =="I "6% squars inches.

XVI.

' The estimaled maximum stress brought on the diagonal
ties in tons per square inch of nett sectional ares,
taking into account the angles at which some of
them are placed, and assumi sures of wind
of 10 lbs., 20 lbe., 30 lbs., and 40 lbs, per square
foot.”

T'he-stresssa on-the diagonal ties of - the pier are difficult

* to.caldunlate, seeing:that the straing are borne by the con-

ourront-resiatances of many bars in different positions.
> We:have. the

the: loweat tier. of columns, produced hy a

“Secondly, we calculate geornetrically what extension this

“will give in each tis, and we find ths stress comesponding to

- yarjpus t;u and

.such extension.

Thirdly, wo resolve theso various stresoes jnto the direc-

- tiolrof the foree-causing the mation of the top plane.
- Fourthly, we fod what resistance the mix columms will

» affer to-an smount of -bending correspording to the Iatezal
- Thofidn sasumed. -

Firhly, by adding together the resolved stresses of the
s rosistancs of the six columns, we

ebtain the totsl hoisoutal forco corresponding to the

-aasumetl-small lateral motion, which gives us the relation

yught ‘the most zatisfactory method would -

T

betwesn any horisontal force applied to the pier, and the
stress on any given tie. ‘

The maximum stresses on the diagonal tes in tons per
aquare inch of section are as follows : —

. Light Pas-
No Train on | senger Train

the Bridgre. | over one
Fier.
Wind, 10 lbs, - - - - 26 3-39
w 20, - - - . 5:21 8:79
. j0]hs, - 7-81 10-18
Excessive pressures {40 Ibs. -] 10-4l 13- 58

We hove taken no credit for the stiffening effect of the
concrete inside the columna.

WiLLiad Porz.
ALLaN D, STEWART.

Derans of CarcuLatiox of the Winp Pressure neces-
anry to overturn the SEconp-cLays CArriaGE, made
by Dr, Pocg and MR, STEWA r.

The weight and dimensions of .he carriage are taken
from the drawing supplied by M:. Drummond.

A deduction of 50 per cent. is made for all
inclined aurfaces exposed to the wind’s action.

rounded or

I.—ErreEcT 0F GRAVITY TENDING TO KEEP TH
CARRIAGE DOWD, :

The weight of the empty corria, e is

given by Mr. Drummond es5* 5 = 13,328 1bes.
It is stated there were 8 passengw- s in
it. We eetimate theme, taking the
average of sex and age, at 120 ]be.
each = - - - - 960 |,
Total weight - - 14,288 ,

Assuming the lee wheel to bear on the centre of the rail,
and the flank to be pressed close up to the inside edge qf
the reil, the horizontal distance of the centrs line of thia -
carriage from the bearing point will be 2 ft. 5 in. = 24 ft.

Thia gives the moment of effect of gravity

= 14,288 X 2y
= 34,529 foot-tbs.

[L.—EvpPect of LATERAL WIxD Pressynrr tending to
overturn the CABRIAOE.

Halght of
odntrg of
surfago
sbove
Tails.

Overturning
morent
for wind

prmure of
per
square foot.

Eflective
wurfaco
1T BQRATe
{ont,

Foel. ! Footlbx,
Flat surface of earriage body
and under frame, 22 feet
long by 7 feet high - -
Flat sariace of wheels, .axle-
. "boxes, nxle-guards, springs,
apri attuchments, steps,
coupling-chaios, brake ap-
paratus, and other appur- |
twnances of under frame.
{'These¢ are not shown on the
drawing, but we estimate
them at laast at 30 sqoaro
feet,with a inean height of
1 foot 9 inches ubove the
caily) - - - -
VYertical area of curved roof,
22 feet 8 inches long by 6]
inches = 12-52 superficial
feet, Take half as effective,
the middle of it being 10 feet
34 inches abovo the raila -
Two lamp covers, each about
1} wquure feer. Take half
as effective. Ceatres, 11'foet
3 inchtsaboverails - -

154 | 6°5 10010

350
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| B 11+85



Y] 0!. ot
Hal of : d
Effectva c..nﬁ 3| momnitt
N 10 square bo: regaare of
feet. abovo 1 1h,
eet radle. qwopil':oL
“'Two buffers nud buffer biocks ; Feet. | Foot-Iba,
each about' 1 square fook |
-Take balf as affective. Cen-
tres, 3 fuet 34 inches abova
thy rail (as stated by Mr.
" Drummond) - - - 1-0 3-46 a5
. 11207
Deduet for the moment of wind
foree on roof tending to press
the carriage down (amount
ok given by Mr, Law) - —_ —_— 15°6
Tqﬁj ‘moment ‘of 1 b, wipd
o overturn unsheltered car-
B ;.riggeﬁ - - - — fa— 1105-1

?:ﬁenqél_tg&j_préﬁsﬁre'of wind necessalrgta overturn the
Lo e ARG - T H,5% .
'TW}:!Q{S'E‘-WM" ?"ﬂlf‘l_:h_e_ltered'l_wil! ‘be %05—.1- = 31} lbs. per

;.si:;ix‘:ire t:l.'!o N o

i Theamountofiahelior the carrisge can obtain from the
-girder in/front of ‘it vanes in different positions, snd we
estimate:it; at. & minim.i u, as equivalent to reducing the

overturning ‘morient by about 56 foot-1bs,

The'wind pressure, therefore, necessary to overturn the
sheltered cairiages will be ia—[;‘_;g—zTg = 32'9 lba. per sguare
. fé_-o_-. o
Wreck Commissioner’s Office,
S " Somerset House, London, W.C.,,
_Slm,—._'- - “March 8th, 1680

-7~ L WiTH:feférence - o the concluding paragraph of your
letter of :the 5th7instant, in which -you-gmj' that l:mt being
sengi vou:nretnot ‘ble '“ tn suggeat the probsble
"'t catige Jof 'thie; dissster,” but .that you apprehend that
't Sueh-moust be found-in-aecidents or incidents that could
. neither-have been foreseen or avoided in the working of
" traffic over.the bridge,” 1 would beg to observe that it s
‘mot-your own individual opinion that the Court was desi-
rous of having on the questions which were submitted in
our letter of -the 23m of January lnst. What we wanted
~wea the deliberate opinion of the Company, with the full
_knéwledge whiclt they must now have of ali the facts, more
then two months baving elapsed since the casualty oocurred,
‘and:after full consultation with its engineers and officers
on, the .following points, namely, on what grounds they
~**_consider: the:bridge to have been safe for the of
* trainy,”s and“t0 what catses they *‘attribute the fall of
~¢ the-hridge:?" .-

- hitve_thérefore o request that you will favour me at
your earliest’ conventence with ‘u reply to these guestions,

TAY BRIDGE #MNGASTER :

I am sutherised by the directars. of $he Company fo siate,
in apgwer to,the firgt point . vik, * on what grounds they.
* considered the brdge to have bean safe for the -passage
*“ of tmins,”’ thal the bridge, having been designed snd
oonstracted under the direction of an engineer of expé-
rience, and having been subjected to fhe severe tosts apphed
to it by the inspecting officer of the Board of Trade, with-
out weakness or defect having been disclnsad,. they -
neve:lxd eutertain & doubt of ita abeolute safety for the
passagc of trains. And in answer to the sscond Pqi_nt,-
viz., “ to what cauges they attribute the fall of the bridge,”
that, apart from the overpowering violence of the wind,
they are not yot aware of any cireumatances which m them-
selvea wou]g sccount for the dispater which bhefel the
bridﬁ on the 28th December. As the inquiry procesds
the Company will place hefare the Court over which you
preside all the evidenco calculated to throw light upon the
subject which they can command, and thegeventum re-
spectfully to submit that this is all they can be expacted to
do townrds satisfying the requirements you have made
upon them.
1.am, &e.

o 'Esq (Signed) J. WALKER,

H. C. Rothery, "
‘Wreck Commissioner,
Somerset House, London,

Wreck Commiassioner’s Office,
Somerset House, London, W.C.,
Mareh 13th, 1880,

I smaLs be ohliged by your informing me at your
earliest convenience of the exact distances between—

(1.) The West Ne‘v_rport and Dundes Stations ;

{2.) The West Newport Station. and the South cabin ;

{3.) The South und Nortb cabinas;

{4.) The North cahin and the Dundee Station,

1 shall also be glad to know the axact position of the.
distance signals on the bridge. )

1 am, &e.
(Signed) H. C. RoTRRRY,
The Secretary, Wreck Commissioner.
Nortb British Railway Company, )

SIn,

The Nerth British Railway Company,
General Manager's Office,
Six, Edmbuorgh, March 17¢b, 1880.
Younr letter of ihe 13th instant, addressed to-the -
secretary, has been handed to me. L.
The exact distances between the following places ire as’

noted ;— . )
Miles; Chaina,. __

1. West Newport to Dundee Stations 1 E
11. West Newport Station to the Sonth

O?Stntev?highe}the‘replﬁwhlchyou bave already sent in cabin - - - -1 42
{ﬁ;j{!'?-?fgz- reply. whichi the Company are prepared to give. I, Sonth cabin to North eabin -1
e e o IV. North cabin fo Dundeo Station - 0 58}
e o Siened) H.C. R , The distance signal on the bridge -at the north end is
The Secretary, (Signed) Wreck cm?,'f;,'f;ﬂm, 686 yards south of the North cabin, snd the distanee g}gnnl
Nortb-British Railway Company, on the bridge st the south end is 680 "yards north of the
Edinbiirgh. South cabin.
S ~ lam, &e. )
. " The North British Rsilway Company, HC (Signed)  J. Warxes.
. -7+ General Manager’s Office, . : nggctkm’ Esq,,
CSIR e P Edinburgh, March 12th; 13890.- : c““‘m"'ﬂ ‘°“"‘L',-o Hon. W.C
7 I‘HAVMS‘Q_B_CkR?WIEdEGYBoeipﬁof your leﬁergf the . Samenet ouse, Ldon, AN
84 instant,"and with respect to the inquiries therein miade -
No. 6. e

o [

ConrraT with Mesers. de Beraur & Company for BULDIng the Tsy' Birvos, with

Specification.

Thty ConTraCT, entered into and execmted by and
. .. ‘betweeni’the :North British Railway Company, ineor-
e Co . ot e et {lmd?i Charle€”d
L Compainy ), of the one. vatt. sod Chacld e
' Be;-qye, of‘?‘ﬁ. 10, Strand, in ﬂmﬁ ity of Middlekex,
Civil Engineer, and carrying on business fheve unier
the style and firm of Charles de Bergue and, Corgrisny,
Ao

v

and

said Charles de Bergue and(hnﬁ
their intereat. and exeriting tﬁ:.ne nresents

Amadeus Heath, of 31, Ol Jewry, 4u- thaCity of
%Mmhnkw " in that hehalf
of date the Bi th af?am,ﬁ?l,ﬁmg
after; called.* the Confrnctor,” of the ptber part; .

Wr ii}rfnm. hi il_l"ﬁﬁ! (Yo , i ,- i




S L LA 4GP BIREREILA

Leuchars Junction, to-the town:of Pusndes; sud under the
})l;: -Bridge and Railways} Act,; 1879, and thevein dodignated
u-g:ilﬁqui&' propossd -to coastract-a bridge over the
River Tay, sbout- 11 miles .ahovs: the docks at Dundee,
.oommencing on the Fife gida of the river, at or near a point
koown . as Lmig, & }ittle to the eastof Wormit Ey,
and . terminating on the Forfar sids, near Jundee, st Mag-
‘dalens or Buoclkingham Point: And whereas twenty-eigh
plans, sections, and drawings of the said bridge and workas,
with hé-exception of providing and laying the permanent
rails and chairs, comprising all ths worlta incidental to the
. perfect constriictionand completion of the same, numbared
-respoctively .Y, 2,3, 4, 5, 6, 7, 8, 9,10, 11, 13,13, 14, 15,
16..‘ l'7,,l,_8r.l\9»:{2_.0|‘-211 221 23’ 24) 26) 26) 27: and 28! end
“enumersted -in ‘the apeciBestion of works anncxed hereto,
_hve biean i-éiarbd-_ by Thomss Boueh, Baq., Civil Engineer,
“Edinburgh, ‘the Company'e engineer, and are docquetted
"and “signsd -by the said mas Bouch, on hehalf of the
Company, u_xc{ by the Aftorney of the said contrastors as
relotive hereto, and are to remsin in the hands of the
Gompany : And wheress the contractors made sn offer to
construct the taid bridge and works incidemtal to the
perfect construction and completion of the same, excopt as
_aforesaid;’and that in terme of the eaid specification hereto
sunexed:.snd docquetted and signed as relstive lereto,
and .according to the saifl plans, sections, and drawings,
and with reference, for the purposes and to the offect after-
mentioned; ton detalled sstimats of the prices applicable

, to- thre'dcversl: particulars or items of the works of said
“bridgeand worke incidental to the perfect comstruction
. and-complotion of the same, except as aforesaid, of which
" detniled’ estimate a copy is hersto aonexed and docquetted
end pignéd na- relative hereto, and under the conditions
_herein-after written for the swm of 217,099 18s. Gd.
- pterlimig.: And whereas the Company hava sccepted the afore-
Jaaid’ offer.: ‘Therdfore the contrastors have become bound,
. and hereby bind and oblige themselves, and their executors,
administrators, and suceessors, all conjointiy and severally,
“that they shall'and will well und suhstantially, and in a good,
.‘afficient, laating, aud neat and workmanlike manaer, and to
‘the_ entire aatisfaction of the engimeer, and of the srhiters
herein-after named, both a8 regards the materiala ueed and
“.the'mode of 4heir use, make, execute, and completothe said
- bridge, with all'wérks incidental. to the construction
“-and completion of the saws, including the finding and provid-
-ing:all: matéria); parmanent and temporary, as well aa all
labour, cafringe -of material, {workruanship, machinery, ves-
.“nela,- boats,” harges; buildings, tools, implements, and other
-plant whateosyer. necesssry for setting out, cousiructing
- and gompleting thesaid bridge and works incid ental thereto
- .u8 sforesaid (excopting the providing and laying the per-
- manent tails and: chaws), aud that in terms of and in the
-msnner- Geseribed in the said specification, and according
to-the plans, sections, and drawings before mentioned, or

. according to such other aitered or sxplanatory plans, sections,

* or drawings as may from time to time be furnished to them
by the Company’s engineer, declaring in writing that the said
- specification, in so far as Dot herein expresaly altered, shall
"forta an integral -part of these preseats, and the contractors
< bind and:oblige themselves and their foresaids to abide by
‘- ond implemént the smme, and such other orders and instryc-
" :tiong &s may from time to time be given hy the enginest for
- ¢he pupose, except es sforessid, of carrying the whols of the
" works of mid bn and works, incidental thereto as afore-
.- enid, o sny alterations thereof or additions thereto or dedue-
“--tiong fherefrom into ¢ffect. Declaring also that though oer-
" tain desériptions and sfipulations mey be repeated in differ-
-ent parts of the.eaid apecifimtion, and in this contract it
. shal}t not theniea he inferred that the remaining directions, de-
sexiptiona, or smplifications are in any wise invalidated. De-
claring algh that the angineer shall have power at all times to
direct that therg shall be made any deviations from the Jine
of the bridge #3 staked out and delineated upon the fore-
sid plany,- sections, and , additional works, or any
-“nlterstions in addition t5' or ctions from sny of the
~“works herein .or in thegaid ification ‘described or

~referred to; ‘provided: the eame shall -be within the powers
. -vonferred by’ the anid Act, and thre Actx i ratod there-
.. -withi, without * vitiating -this contract or’ ing the aid

detailén estimiate ; the value of the worksTn all etich cases
‘of- Gpvinkions, sdditional wofks, sllemtionn, additions; or
Bedydtivna/ 4o’ be added to or deducted frony- the sum - due
- td ' the” htrectars, it to’ the
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or extra work, {amages, compensation, or other claums
whatsoever; the whale. of which statements and accounts
and cleims shall be investigated, valued, and ‘settled by
the engineer, ncoording to the prices in the eaid detailed
estimate, so far a5 the same are applicable thereto, and
wheié the same are not applicable thereto according to the
vajuation osnd sssessment of the engineer; or, in the event
of dispute, according to the veluation and assessment of
the arbiter after named, and the amount of the said sccount
for the said work snd cleims on the part of the contractors
shall, after the amount thereaf hes been certified in writing
es correct by the engineer, be paid to the contractors, after
deducting 10 g cent. thereof, which shall remain in the
hands of the Company till the completion of the whole
works, end upen the completion of the whole works the
whole of the said deduction of 10 per cent. shall he paid to
the contractors, or their foresaids, upon the wcertificate of
the engineer that the contractors and their forasaide have
performed their part of the contract, and the whole obli-
gations incumbent on them under the same, to the satis-
faction of tha engineer ; and upon the further certificats of
the engineer that, afier taking into consideration the
mutual ohligations and claims of the Compeny and- the
contractors, the smount of such deduction of l(gpe.r cent.
is justly due and -owing to the contrastors, or their fore-
saids; and it s further agreed that no meneys shali be
deemed due or payable to the contractors or their foresaids
in respect of any acoount for work or claims under this
contract, orin referenca thereto, in any way except the same
be certified in writing 8s correct by the engineor as afore-
said ; Such certificete not to be withheld by the engineer
when due and applied for by the said contractors, except
on stated valid and substantial grounde  And'in all ssttle-
ments of aceounts between the contrsctors or their fore-
ssids and the Company, it is hereby agreed and provided
that po payment for extra work or alteration or deviation
from the worka apecified in the said specification, will be
sllowed by the Company to the contractors or their fore-
saids, unless the same sball have been done under the
written authority of the said engineer or his authexised
sgents, or by oral directions given to the contractors or
their cterk of the works hy the said engineer himself, and
whisch autherity shall he produced sid oral directions proved
at the time of the settiement of the account, between -the
contrectors or their foremids apd the Company, otherwise
the conlractors or their foresaids shall’ have no claim-for the
said extre work or work caused by msid alteration or devia-
tion. And it is heraby agreed thitsll extra or unspecified
works that may be done under this contrant shall g:cdohe
a8 spocified works, on terms of the smd specification and
detatled eatimate, declaring that should sny smell discre-
panciae exist betwoen the measurement by the scale attached
to the sald plans, sections, end drawings and the wnitten
dimensions in the said specification, plans, sections, and
drawings the written dimensions shall be taken as correct,
And it is furtber agreed that wherever peither the said:
plans, sectiona, and drawings nor the said specification oon-
tsin any notice of woinor- perts, the intention to include :
whiel is clearly to henferred, and which parts are nes
for the wmpLhon pad stability of the works, all eu
additionsl things are to be done and provided by the con-
tractors and their forenaids and are assumed to he included
in the befora-mentioned sum of 217,099, 18;. 6d. sterling,
st which theycontract for the works shown upon mad-.
lans, secticns, and drawings, and specified in such speci-.
cation. And wherever anything is dirooted tblbessg;lle
or provided, if required, it is understood and agreed-that ..
evarything o referred to, provided the same is.necessary -
for completing the said works, will be considered as also
inclyded %he said eum of 217,099l 18s. 6d., the’ true .
intent and 'meaning of this contract being, that whether-
the same be specially sst forth and expressed, or not, herefn,
or in the said specification, or opon -the seid plans, sec-
tions, and drawings, the contractors and their foresaids shall,
unleas whero it is herein expressly provided to the contraxry,
provide and furnish, without any extra ptice or compensa-
tion ‘therefore, all the materinla and labour (excepting the
providing and |aying the permanent rails and chairs which
shall be done by the Company) requisite for the conatruc-
tion of the said bridge and whole works incidental -to: the -
constraction and . completion of the same, and, thiat -
in sl res in an efficient and worlananliké manner. and -
to the reasonable satisfaction: of the Company’s’ éngineer.
And it is herehy provided smd declared -thut-the contractora
and their fofesaidh shall 'ba atall expento snd risk of set-
ting oot the wotks frotrtimb 66 time, and: shall allow the
engineer o ui 'u&&gﬁeﬁt’ﬁﬁd@h&mhhwm{wmhnm
g‘ :g-n and’ %qﬁrn‘hh‘hhﬁ?:iﬂ_rannqh'pb as, staltha,
“honts, tthet dastinicd-ie k& miy reasounbly i
for the' pissfiome bfot&ﬁ:ﬁing‘hrm oorrecinesa 3 the
worlé whibst-bediiaest Stbiveteded wRtk! oras ientited
c 2



and aleo aball aa. provided in the said specification test
thia materials wh.it:hp:; therein required to be tested, and
that all without .any cbarge baing made for the same, and
farther- the contractors bind and oblige thomselves and
_their ‘foresaids, that the works shall begun without

" delay sfter the signing of this contract, and the aaid works
shall ‘be - carried on so that- the whole worke specified in
said - specification and sbown upon said plsns, sections,
ond drawings; and.such additional works and alterations as
the engineer may direct to be axecuted 28 n!:oremd, shall be
‘finished, end the said bridge oompleted in every respect
(tbe Company only supplying and laying tbereon the ge.r-

" manent.rails ond chairs) within tbree years from the date
- 6f-this‘contract to_the end and effect of the said bridge
- .. being -opendd within the seid period, with the eaunction
‘snd spproval.of -the Board of Trade or their inspecting
officer. " ABd in the event of the contractors or their fore-
faids feiling to complate the eaid worka within the said
period so:thet "the said bridge may be opened as afgruud,
the contractors-hind and oblige themselves and their fore-
saids to pay the Company 2a a liquidated and agreed on
compensation for any delay there the sum of 250/, per
week for every week during which the said works shall re-
mpin. unfinished, ahd no plea in justification of such delay,
_exdephas herein-after mentioned, shall be deemed valid, _a.nd

" on the -other hand; for cach spd every week the bridge
ey ‘be opéned -for traffic before the expiration of the con-
. tract tine, the: dontractors to bs paid- the sum of 250I, per
* “wreek, decliring. that this eaid payments of 2504. per week by
" the’contractors shall not in any way relieve the contractors
- ortheir foresaids:from tbeir lin{oilitv for the performancs of
_this contract nor interfere with or be construed as a waiver

- " of the gthier.powern {o enforee completion thereof, or of the
* ‘elairia at-common law thence arising, co on, Or pom-
. petent “to the' Company, exoept as herein-after mentioned.
" Apd- it is" hereby specially agreed and provided that the
- works abell be commeneed and carried ou at such points,

" .parts, and.places as shall be directed and appointed by tbe
- Cofipany’s engineer. And itis hereby specially conditioned
‘and declagid, - that .if the contractors or their foresaids

" shallnot - dommence the said works within the period
- before-mentioped, or shall not nniformly or regularly carry
- on'the silne to-the reasonable satisfaction of the Company
= or. their engineer, or if it sbeall appear at any time or from
" timie ito’ time .t the Company-that a sufficient number of
* ‘man or-material ‘are-not employed or used by the con-
Arsctore’iDithie; execution of the worke bereby contracted
. for, or that otherwise the work ia not proceeding at such a
" rate s to.enisure the compleétion of the whole works within
the- time~above -specified, or if the cngineer sball at sny
time be othérwise ressonablv dissatisfied with the nature
or mode of proceeding in the work, or if the contractors
shall not ndhére. to and implement the conditions herein
and in the said specification contained, or shall not comply
with the ordera and directions to be given from time to
time hy the Gat_npsnaa engineer as aforesaid, or ahsll from
any cause whatever be prevented from, or delayed in pro-
ceeding with, or completing the said works aceording to
- this ‘contract, except 88 herein-after mentioned, i, ahall be
lawful to the Company, as often as any such event shall
‘bappen, by.a-written notice, to require the contraciors {o
cémmence or proceed with the said works, or to ide or

- etiploy such’ additional workmen or material, and for such
-length of.time, dod to comply with such orders as the case
may-be ; and in case the contractors shall not, within four-

- een-dayn, conform to said notice, or employ such workmen,
or provide such msterinl or comply with such orders as
may be so given, it shall be lawful to and in the power of
the Company 1o call upon the arbiter bercin-after named
snd appointed, fo anthorise them; and the said wrbiter
may thereupon authorise the Company to provide such
ad :lt::mal workmen, l;ld to maks use o{ :luch materinls all
[TH ‘engincer may deem necessary, and to continue to
m?loy such - additi'c{ml workmen for such length of time,
and ot such wages 88 the engineer shall think fit ; and the
payments thus to be made for the same by the Gz:xn!,
-mejuding the coat both of lsbour and material, be
made! snd. dedvcted out of the moneys which may then
- remain.dus-to the contractors, or their foresaid, or which
‘may &t.any thne or times thereafter beoome due to them.
.And the, Compatiy shall, in the said event, be at liherty
to take-and use the whbals materials, horses, engines,

- machinery, “veseels,  boats, barges, building tools, imple-
ments, and whole other plant of evuxeduu-ipﬁon provided
by the ‘contractora for ing on worko, snd to pro-
vicle sush additional rostenals, horess, engines, machinery

veasels, Loats, barges, building tools, implements, a

other plint of every description, a$ the expense of the con-
tractore, as may be requisite for jing with the sama}
and in case thie belance then due to the contractors oz their
‘foresaids, or which may theresfter become dus to them,

x ' TAY ‘BRIDGE DISASTER :

tball be insufBcient to oover the said payments anmd ox-
penees, the oontrectors bind and-oblige themselves and
their foresaids, to pay tho aamo io the Company-on
t.hw 'me“ 'is hareby pr:fntd;d and doduedm ﬂ;hnt
o .possesaion & engineer ® power . 00 in
this article ahdlyuot in apy degreo mh}c:ov: the contractors
and their foresaids of their obligations to procend in tha
exeontion of and to complete the works with 'the required
ition: Or otherwise, if the coatrectors or their fore-
saids shall not continue te executs and advance the pro-
gross of the works, or sny portion thereof, to the eatisfao-
tion of the enginesr, or if before the completion of thia
contract, the contractors or their foresais shall become
hankrupt or insolvent, or compound; or propose to com-
pound with their creditors, or carry on business under
Inspectors appointed on behalf of their creditors, then and
in ony of these cases the Company may, if they think fit,
determine and put en end to this contract, so far a8 regarda
tha fusure perfgnmnoe thereof, by or under the direction
of the contractors or their foresmds, and forthwith give
written notice to the contrnotors or their fornanids of such
determination, and immediately on such notioe being given
all gums and penaltics, if any shall have accrued for aon-
fulfilment of this contract, L bs forfeited to the Com-
ny; and all materiala, horses, engines, machinery, vessels,
ts, harges, building tools, iraplements, and whole other
plant of every description pravided by the contractors may
in such & case be taken possession of by the Company.; -
and thbe Company shell have full power to take the.whole.
worka out of the handa of the contractors or their foresaids;
snd to proceed with the said works, and t6 complete. the
same or to cmploy any other person or persons hy contract -
or otherwise to complete them, and to take and use the.
materials, horses, enginas, machinery, vessels, boats, hargea,
building tocls, implements, and whole other plant of every
destription which may have been grdn'ded by the con-
treotors for the construction of said workas, or to provide
such other materials, horsos, engines, machinery, vessols,
hoats, barges, building tools, implements, and other plant
whatsoever at their own expents, a5 may be necessary for
procseding therewith, and sl] extza payments and expenses
thereby made or inenrred by the Company shall.be de-
du out of the moneys that may then remain due to the
contractors ; end in case the said moneys shall be insufficient -
to cover the ssme, the contractors bind snd ohlige them- -
selves and their forezaids to make payment thereof- to.the -
Company on demand; and na soun aa convenient after
the said determination of this contract the engineer shall
ascertain and, in cese of dispute, with the assistance of the
arbiter fix finslly and oconclusively ns to ail parties the
smount earped by and justly duo to the contracters in
respect of ‘work done and materials provided ; and the
value of all maeterials, horees, engines, machinery, vessels,
boats, barges, building tools, implements, and sll other
plant whutsoever seized and taken snd in possession of tho
Company, and the smount end wvaelue of other cldums, if
any, of the contractors against the Company, of ell which
claims the contractors shall give notice m writing within .-
twenty-one days after the said determination of tho eaid.
contract, and the engipeer shall credit the- contractors .in
their accounts with the Company with such amounts, and -
the engineer ahall aacertain the sums paid or sdvanced to
the contractors by the Company, and the amount or value -
of all loas, costs, damagee, and claims of the Company
ogninst the contractors, whether by reason of the dotermi:
natioa of this contract, or the acts, neglects, or defaulta of
the contrastora in referente to this contract or otherwise
Lowaoever, and shall make such allowaness and disallow-
anoes on both sides of such socouunt as he the engineer, or
in case of dispute as he the said arbiter, shall think resson-
able, and he shall finally sctile the balance of sccount due
to or from the contrectors, and it is hereby epecially
stipulated and agreed that the Company shall have n lien
upan sll materisls 2a well as upon 3[ horses, engines,
machipery, vessels, hoats, barges, building tools, imple-
ments, and cther plant of overy deecription as ehall for
the time being he brought or left on or near to the gite of
the said works hereby contracted for 2a & security for the
completion of the asid works and. otheywise 8.8 esctyity
for the dus implement and fullilment by the contractora
and their faresaids of their part of this contract, and-all
such moterials, horses, enginagmh'ina?, vessals, ‘bhoata,
barges, building tools, implements, and other tof
every iption, shall from the time of * being -
brought or left on or near' the aito of the said works, be

held to be.the pro of, and -heiong $o the Company,
and shall not, withous thei ;.'m.lm_ltinmitinp,-h-mov:i'i
or taken ey | ion for other

therefrom -exsept in sl
idered gufh ounhfot:lu ; &%ﬁhﬂlhm-
i 8 - #he. preaper
lwmmbynf 4he works, and ﬁﬂyZﬂlh _ r'azm
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‘risk: “of o, contractors wnd their foressids : Provided
-always,  that upon .the whole of the maid worke being
completed as .g,;gd, and after payment of all sums due
¢ copirectors or their foresaids to tho Company, in-
ing penaltien if any, and others, the contractors bind

and oblige themselves and their foresaids at their own
expenie, and with the consent of $he Company s aforesaid,

to remove so wuch of the eaid materials as have not been

used- upon the construction of the works, snd also to

remove -the eaid plant, declaring with reference to the

excavalions neoessary im mcl.mf the said bridge that

géhould the rock or permanent foundations in any case

pprove to ba at s greater or less depth than is shown on
Enwi.lgg-No. 2, all additional works or deductions caused

theraby shall be estimated at the prices in esid detailed

estimate, and form additions to or deductions from the said

,sum of 317,099I, 18s. Gd. ne the ocass may be: Declaring
alio that the material excavated from within the bottom

circumferenco.of the caissons sa they ars sunk down for

tha purpoec of founding tho piers shall not be thrown into

the said river, but, except as to so much of the sand as

shall ba required by the contractors to be nsed with cement

“for “tha-brickwork and stone work of the said piers, or
otherwise in the oonstruction of the hridge and works,

shall, at the contractors and their foresaids’ own expense,

be removed in barges and deposited within the bulwerk

now being. formed for reclaimmng ground on the foreshore

of thé Ty, between the pier of the Ferry Harbour, Dunde,

.and_Buckingham Point, and the material so deposited
“4hall-not” be bunked uptoa height than four feet
..above high-water level of ordi apnng tides, and de-

- claring:also 'that all ataging, scaffolding, or other obstrue-
- tion¢to: the ‘navigation of the river shall be erected and

» remioved by the. contractors and their foresmuds, m accord-
- nnte with tha necoseary requirements of the public or local
- aiithoritias in- respect of the nnv'i'gstion of the snid river,
.and-that at the sole expense of the contractors and their
foresnids, and " the contractors bind and oblige themselves
and théir foresaids at their own expense to provide all
lights ; and light and watch all the works during the
construction and until -the perfect completion, except as
aforesaid of the bridge, and also to erect lights in such
E)tjons a3 msy by the Commissioners of the Northern
ights:or the Marine Department of the Board of ‘[rade
be. réquired for the guidance and protection of the navigs-
‘tion.on :the said river. And it is hereby provided and
-doclared that: the whale of the works in proximity to the
+Caledonian_ Railway shill be carried on by the contractors
sud. their foresaids in auch a manner es ghall not interfere
in any way with the traffic of that railway, and if tbe con-
. tractors or-theie foressids shall do in the eontrary, they
sball‘he responsible for, and free and relicve the Company
. of ell-clsims which may be made againat them, and of
" liss and damage which may be incurred thereby. Further,
the contractors hereby Dind snd oblige themselves and
their foresnids to provide st their own cost eunitable police-
-men wheusver. such may be ordered by the engineer, or by
poy ong or more of the megistrates of the district, as the
_Cpmlpguv ar magistrate or mugistrates may think necessary
forthé:due preservation of the peace or protestion of the

- property of the contractors, or that of the adjoining owners ;
. ard ‘the:contractors hereby further bind and oblige tbem-
.selvesand their foressids at their own expenss to provide
:and .pay. all compenastion for any land they may require.
fg’rtampon.ry_purﬁom, ziid to make good all -damage to
‘xpnds; ‘whether. public or private, or to the lands of private
.individusla’ariswng” from carting of msterials, or from any
_othier® cause~contingent upor the execution of the works,
‘and to-be feaponsible for aud free and relieve the Company
aof all claims which may be made against the Company,
and of all loas and dsinage which may be incurred thereby :
And it ia_bersby expressly ided and declared that the
caro of: the eulire works of the bridge shall remain with
the contrectors and their foresaids until their completion,
e::euptgq aforeezid, and the countractors and -their foresaids
shall be beld responsible for all accidente (heieto up to the
time of guch comspletion and for all defocts therein, and

-shall bs bound as ‘they beteby bind sind oblige themseives
‘snd their, forasaida, st their own expense, to make good all
.dumage to, snd defocts in, the emid works, whethar srising
“froms: bed” or " insufBicient materials, ‘bed  workmanship,
{aogidonts, catelesancas of the werkmen employed, or from
‘bad weather; ar any other eauss whatever, save and sxcept
_ njuriea arising - from the act of God, or
of the Queen’s enemies) and declaring thet na certificate
ot approval by suy officer of the Company, ‘awespt the
agineor afaresaid, of any warks auppossd toihawe been
de. shall affect the right of the - oy
. the contragtore and their foresaids, or be conai
ot-held-es at-sll eouelnsive as o the ci aof an

-worke-or materigls. .And the tontracters hereby. b an_i

‘a0 injuriea to the works

XX

obligre thomaeelves and their foressids, that from tha: com-:-
mencement and .during the progress of the work herely
contracted for, thoy ahall at all times be ent on the
works, or, in their ahsence, they shall Provu{e:a competent
represeutative, fully suthorised to act o their bebalf in ail
matters relating to this cootract; end all joatructiopa and
notices given tv #uch representative shall be deamed to be
given to the contractors and their foresauds. And the
contractors bind and oblige themselves and ctheir foresaids -
not to assign or subiet, except with the consent of .the -
Company, evidenced by the written suthonty and‘consent -
of their engineer, the contract hereby entered into, or any- .
thereof. And furtber it is hereby oonmcbed"-ang" ':_—'

agreed that the contractors and their foresaids - shisll- give. ™
every reasonsble facility to the party or parties who-ahall .-
ocontract for the construction of the railway or railways ..
which shall adjoin the said bridge on both mides of the-
river an may be necesaary to enable the said or parties
t0 exeoute and maintain the same as e.mbrncedv-un er Lis
or their contract or contracts, such mccommodation being
regulated snd directed by the engineer, snd no incon-
venience, or slleged interruption arising. therefrom, shall
form say ground for claims of damages by the contomctors
against the Company, or extension of the time for finishing -
the work contained in thia contract, unless the samne shall
oceur for an unreasonable period, which, in case of dispute -
between the contmctors and the ssid engincer,. ahall be
decided by the said arbiter, And further declariog that -
the prices in the said detailed estiniate shall be used by the
eogineer in regulating the monthly paymenta, and the price
of any extra works, additions to, or deductions, exclusions, -
snd dispengations from, or alterations, which may be'made
upon the works whenever the said deteiled estimate éontains |,
a prica applicable to the description of such extra work, or -
work so added, deducted, excluded, dispensed with or~.
altered, and declaring that the prices in amud detailed eati- -
mate shall includs all permanent and temporary material, ©
slt Isbour, workmanship, scaffolding, ntlging. pumping raa-
chiaery for sinkiog cylinders by pnecumatic or other process,
and all other muiinery, vessels, boata, barges, carriage of
materials, and all other plant whatecever, and contingent
expenses connected with the works to which such prices
apply, end the cost of painting the ironwork ghall be in-

uded in the price per ton for ironwork.. For. which
causes arnd on the other part the Compauy-bind -and oblige
themeelves to make ent to the conlractors and:their
foresaida of the sum of 217,099/, 185, 6d; sterling, aid of
sueh further sum as may be flxed ss aforesaid aa.the price
or value of any extrs work or additions which™ the eon-
tructors or their foresaida may be directed 16 perform, and
shall perform in terms of the provisions heren-befors
contained, hut, subject on the other hand, to the deductions
of the price or value of such portions of the works herehy
contracted for as may not be required, or may be omitted
to be done, or may have been varied, altered, or dispenscd
with, or may have been performed by the Compm{;or
others employed hy them 88 aforessid, in the events sbuve
deacribed, all a3 berein-before provided for, which payments -
shall bo made in manner following, that i to say, the
Company bind and oblige themselves at the expiry of 2very.
month after the commencement of the said:works to_pay.
to the contyactors, or their foressids, the value:of the sctual’
quantity of the works which have been executed:!in ‘the’
Bna-,d.ing month, as the said quantity shall be ascertaived

y net measurements to be made by the engineer, such
value to be taken in all cases witbout any allowanes for:
circular or face-work, notwithstanding any general or. local”
custom to the contrary, aud of all sums charged or claimed
by the egniractors, or their foresaids, and certified by the’
engineer as correct as aforesaid, and that all in mannper
following, viz., 8 sum equal to 90 per cont. of the anid
value a3 such value and amount shall be cstimated and
valusd, and fixed hy she certificate of the enginear'who, in -
estimating the value snd ampunt of the said work, shall
tako the prices set for the said démiled estimate, 60 far as -
tbe sume are applicable thereta. But declaring that the -
measuroments of works upon which the zaid instalments
arn struck shall not be pateut to the contractars or their
foresaids, nor founded upon by them in aoy way whatever,
the said measurements being taken for the satisfaction and
information of tha cogineer, and when the whole work
bereby contracdted for, inoluding extm or sdditional work,
shall {mva been completaly finished to the rensonable satis-
faction of the enginesr or arbiter, and after he shall have
mads a report and granted s certifieate to that effect, such
ocrtificate not to he withheld except .on-stated valid and
subatantial grounds, the Company bind end oblige them-
selves to pay to the contraclors or their foresaids the
balanon of the aid contmect prioo; and extras, if any, which
shall be dus to them. all tha m&a Lind mid oblige
thamaalves and their foresids to this ocontract to
) 3
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each other in the whole heads, articlds;-and clsuses tharect;
and of the specification npgnddd- ‘herato . And they
hereby wubmit and refer to the final sontence and decroe
arbitral of Thomas Ellios Harrisen, Civil Bngtucer; London,
whom failing Johi ‘Hawkstiaw, Givil Engineer, Londen,
who-shall not be disqualified by their or cither of them
being or becoming s shareholder or sharebolders in the

their acoepting of eny office or situs-

said Company, or bg‘ | :
tion under the said Gom , from asting ss ﬂbltu_m,
under this submission i utes or differences which

” mayarise, between the several parties hereto, rogarding ‘_hc
“{Fuie Intent and: meaning of any of the provisions herein-
“hefore written;.ar aiiy of the apecifications-heroto anmexed,
" or a5-to $hé mode: of- carrying on the works, or she hature
. of the misteriala-ised -therefor, or the chime of:dedustion,
.oF otherwise, competent to the Company sgainst the con-
tractors, ineluding the ascertaimment and decerniturs for
the amount of liguidated and ngreed on damages that may
‘be_dne by the contésctors o the Company under this con-
~tract for Donwcommpletion of the worke within the contract
" time, or'the glaims for extra works, or otherwise, competent
tothe contractors. agminst the Compsuy, sud generally all
digputes snd differences, ciaims, and accountinge, by either
party, in any. way arising out of the execution of or failure
to execute the works hereby contracted for, whether herein-

. before submitted' or not, and whatever the said - arhiters
.shaltdiréct or decide. by any decree, intertm or final; pro-
.nounced : by.them, the: said: parties respectively hind and
‘oblige themselves siid their foressids to executs and abide
by -Declaring thap. this subrsission-ehall rot fall hy the
“1apse of year and disy or by the death of any-of the parties
;hersto, and- that~the- sdid. arbitér shall have full power to
‘award-the expenscs (incliding the expenssa and fees of
himself 3od his clerk -respectively) which may he incurred
-ifi o}l Brhitrations between the parties, either in whole or in
Eu-f, sgainst such of thew as he shall think fiv, Anditis
ereby provided thiat in all cages in which any notice is to
'he given to the contractors under this tontract it shall
be sufficient if such notice be a:ijned by the engineer or
secretary of the Gompany, snd addressed and ]E:en -
sonally to tho contractors, or left at their dwelling-house
or place of bosiness or ‘hast known d% Yhm or place
of bnsimess, or sént to them by regis stter, posted
fromy one _of the.post.offices in Edinburgh, addressed as
‘aforesaid, and sich notice ;shall be held and oomeidered to
he saficicnt, notice. Devlaring that the affidavit of and
‘entyy in_ writing, .in-the ordinary book kept by him for
entering . postages: or: deliveries, af the pereon who may
‘have;left the “iaid” Hotice, or who may have put the same
into the post office,;shall ‘be held to be-legal. evidence that

thie said notices-Bave been properly served upon the said-

contractors, any- law .or: ice to the contrery motwith-
#tanding: And further, it is hereby declared that the word
“ ontractors,” or *‘contractor,” used throughout the said
specification and these presents, ehall mean, snd it ie hereby
eclared t0 mean, the said Charles de Bergue and Chasles

de Bergine and Company; and the words “ Compeny.” or
“ Railwny Company,” the North British Railway Com-
pany;-and the worda. - eogineer,” or * Company’s engi-
neer,”. Thomas - Bouch, .Esq., Civil Eogineer, Edinbuvgh,
thfe:gmaen; engineer of the. Y. or other the enginesr
of.the Company for'the time: being.  And it i hereby also
cxpresaly agreed  between: and by the a:IhI:anrhu hereto,
niid-the chligatior- of ‘the said Company be considered
ifi-all respects to:inclide.it, that in the
"Company, after the digning of this contract, not giving to
thie said" coutractors, or their foressids, poseession of the
land -ahd -approsches “'which™ they are emg:mcud either
efmenently or. témporarily to abquire, when thereanto

m-tme to time mq‘t:lred by the eaid oomtractors within

14 days after any such’ request, or throwing any obstacles
in the way of, or ‘otherwise preventing the emid contractors
or their foresaids from commencing or g with the
works referred fo in this- contract or in the ification
hereunto annexed, then ond in that ease the time limited
fof the completion of the said works shall he extended to
the full extent.of the whole of the penods for which the
said:contractors or, their foresaids shall be so delayed, and
no penslties: for-non-completion by the said contractors
ghall be-etiforced or enforcesble against them under the
clauses herein for that contained, in of the
delayin the complefion of the works thereby vauzed, but
?E_mmpqquﬁbn for the loss. and -expenise incursed

gai. éohtrictors. or--their foresiids in tonsequeste

of ghall be paid by the ssid Compsny to the =sid
contesctory or their foresaids, the same to ‘be settled in
case of difference Letween-the said contractors, and the
said enginoer by the snid erbiler. Provided Mso, thatin
the event of any strike of workmen in Ve fist¥iet by th
any Gf the tradex ¢mployed in the constrirction: of the i
bridge antt ‘approeches, or any-injuryor SelySrisini

event of the aaid .

TAY BEIDOEINSASTER :

thi wotk: In ‘otmmiuente of the:set.odQad; or ofdbe
Qrasen’s anemisy;xlte time within which the said workm-aw
h"ﬂ agreed to- be vowpleted -shall -be./extended. for &
pariod equikalent 4o #he- time for which tho:aaid works
ghall be delayed by etich oensca s eforemid.: . And hoth
parties congent 40 ‘tho registration herecf,.and of tho eaid
apecification and detalled -estimate, and of the said decress
arbitral, interim, or-flmal for preservetion and execution.
In witness whereof thess prosents, primted upon this and’
the five’ ing pages, the wm-dp 4t eighteenth,” 00 :the
tenth line ing from the top of page first hereof being
written by William H Gribible- Painnd; glerk to. Mea-
sieurs. Wilkiue, Blyth, and Marslsud; Solisitors, No. 10, 8¢,
Swithin's Lane, Londoa, are eealed. in duplicate with-4he
conunol or oarporato aeal of the.said -North Britiah Rail-
wey Company, and. signed by John Walker, of
the ssid North British Railway Company, and. detivered st
London the Bth-day-of May, in the yoar 1871, befaze these
witnesses, Thomas FPeddie, of No. 78, . o Stroct, Ldin-
hurgh, Civil Engineer, :nd Alemtgvr h:, ;’)f -go. ]f,
Register Place, Edinb , clork in the solicitar'a office o

the said North Bﬁﬁsmwny Lompany, sad. are digned,
sealed, and delivered, in duplicate, for and on behalf of the
said Charles de Bergue and Churlea de and Com-
pany; by the said Rebert Amedeus Heath, thair attarney,
empowered in that behalf as aforesaid, st London, the ssid
8th day of May, in the year last ahove-mentioned, before
these witnesses, the said Willism Henry Gribble Poland
and Alexander Law: Declaring that the testing clauss
“hereof, from and after the words in witness whereof," ia
written by the said Alexsnder Law, .

(Sesl of the North.Britigh -
Railway Company.)
(Bigned) J. WarLxE®R, Secretary,
i N. B. Ry. Go. v

Senled with the common or corporata seal of s
the Narta Brivisu Ralnwavr Cam-
pANY, and delivered this Bth day of May
1871, in the presence of

(Siyned) THowas PEnniz, of No, 78,
George Street, Edinburgh,
Civil Engineer, witness.
ALEXANDER Law, of No. 1,
Register FPlace, Edinburgh,
clerk in the solicitor's office
of tho North British Railway
Company, witness.

(Signed) P. P.C. pe Bxnoue
d

an
P.P.C. pE Beaoue & Co.
RopenTt A. HEATH. (Seal.}

Signed, sealed, ani! delivered by tho above-
nsa CuamLgs DE Berouz, and
Cusniks pe Beacux snd Coupany, by

". Roperr Awapius Heard, stiorpey for
the said CeaBLEs DE BEmoug, this 8th
day of May 1871, in the preaence of

(Signed) W, H. G. PoLaND, witness,

' Clerk to Mossra. Wilkins, Blyth,
and Marslind, solicitors, 10,
Bt. Swithin’s Lene, London.

ALEXANDER Law, witnens.

Norru Burrea -Raiuway.—Tay Bribosn.

* SpECIrIcATION oF WoRks to be exocuted in the [oon-
struction of the Bridge for ing Railway
No. 2, authorisad by the North British - Railway {'Tny
Bridge and}Bailways)Act, 2870, over the Riveror Firth
of Tay.  The line of the eal bridge will be the
same .9 shown on the Parhiamen q’hn of smd
Railway No. 2, comniencing on the File bank of ghe--
Tay near Long Craig Point, and teyminating on- the '

.. fnm-fn side of the Tay, nﬁﬁ Duudee, -n’t,r ) trnn;;:
, . nknown. a8 sleng, .oz Buekingham  Poirit;. the

. length being 3440 yards, or therpahouts,

Thie bridge i to be donstructsnt forn gingle line of y.
«-The total nimbis of apsna-wll ‘be 89: Oomriienioing "at
tho' Fife ide, thewy re-<Brst 3.8pans of 60 Tost, then 2
weuh of 80 feet, 22 o 120 feed, 5-of
8 -of 120 fest, 20" o %

o), a6

o
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| Mhmmm Aides. .- The
) om ‘citiver widé of rthe waid sughf- fect spans -will
grﬁudly decreassin beight.sbive water lovel as they
approach the tand; tho gredient: ding from the

northy end of thoac-spatis:to the north-shore et the rate of
1in. 7356 ; and from- the south.end of those spans to the
Bﬂfm-apamuthu‘nh of 1 1n 363-68—the 80 feet »
being Joveland ‘the 60-feet spans naing therefrom witha
gradidirt of 1 4o 100
: The piers for the spana of 60, 80, 120, and 200 feet, and
the lnnd jer of.the 27 feet s gam 0 he of brickwork, in
oement ; tioue for the 120 and 200 feet spans to be per-
misnently encased in iron cylinders, up to the level of
low-water. ‘The piers for the 160 feet span to be cast iron
cylinders, six- feet diameter, filled in with brickwork.
oae for the remainder’ of the apans to consist of three
“cast:irgn -columns, braced together with ‘Taalleable iron
“bracing’ The abutment on the Fife mde to beof stonework.
- The: o erstructurs 1o be of malleable iron girders and
tinherw, The whale of the main Frders to be on the
Inftice. pnncrple, exoept those for the 160 feet opun, which
‘a%e ‘to be bow-sm . ond thowe for the 27 feet spans, which
ave to be plite. n the 200 feet and 160 feet spans, the
roadsmy will be between the main girders, and these spans
have plete crossgirders. In the whole of the other spana
the rasdway o on the t.og of the main girders, and the
cross will be fof timber: [timber way-beams and
plmkl eing laid the whole length of bridge.

Contract Drmgs §e.

_ '&nmn&mtffnwhxch this " hall:lsrefem mﬂ,:lﬁ
‘the on'o and laying nd
andumpﬁchm. conaist- of all the works ipeadental to the perfect
" anstrtickion-snd completion of she ridge being executed
“to thé entire satisfaction of the elgneer, and in acoordance
~with the drawings undermentioned, and rumbered 1 ¢o 28
inclusive, subjwt ‘to anymodifications (whether deductions,
additions, “or -varietiona) that #he engineer may deem

necessary during the ca out of tho worka, It will
also- includa-the finding and providing all matexial, per-
mnnent and temporary, aa well as all Isbour, carriage of
mbtanial, workmanahip, machinery, vassels, boats, barges,
&, necessary to complets the bridge in the most workman-
llke IIAnner,

List of Drawings above referred to.

'No.-1." Gener! Plan and Longitudinal Section.
on 2 Gmenl Plan and Elevation of Bnd%:et
. 3 Deuul.s of Caisedn for Piers for 200 apans.
A A " " ” Nos 17 to 26 and 42
' - to 49 mclusive, for
120 feet »
Wos, 5 to 16 and 50 to
&3 mclusive, for do.
© . Nos, b4 to 57 inclusive,
“Elevation of Plees for 200 feet wpADE.
for Piers, Noa,’ 17 to 26 and 42 to
© 49 inclusive, 120 feet

8 .
Nog..?‘to 16and 50 to
mlxgodﬂe,fordo
for remaini # vix,

wﬁ-itosu?lgmdnnve.w
witk . Details of fixed and moveable bmnng‘sfurQCDM

” 11 H ]

”» 8! » l’

] 9' » ’ n n

w100 5,

" 1.2. Du&na of ﬁ.led dnd moveable be:mnga for 120 feet

. 13 Dmﬂn .of fixed-aud moveable bearings- for GDand

14.. Elnvxn ‘of. Ple.r for 60 and 80 feet
1‘6’ D,ehﬂ,owa ot jungtion o glnﬁweet gpnns.

a 17--Dmﬂstqum P;m.Np;.ﬁBtoBmdunve.

18, . R U, io inclusive.
:plg Py “.. ,: _,,‘. % 8] 'and 83 to
ﬂ@&n%m&fmﬁﬁmﬂ
,..21 Blnnbm& mnormmfmso
M’D ﬁm%md
,9;23- Gnﬂmfar M“apxu andforwofeet
' ,, .“":?h?.‘.‘.
A% g :1

:!l w' Ay it
SR ry 0
JEE R TR ” . .:".;_1" R . T e
A&Wmmw in
svery partionlsr acocrding to these drawings or any othet

. vessels,

xxiik -

that muy.be aupphied to kim by t!neng:m Mm txmet.o
tims, a.nd to bebeld mbln for the. sbcuracy of the
work throughout the whole time occupied in - constructing
snd ‘completing' the bwidge. - All polea, stakes, assistance,
baua,&c neceagary” for mtung out, ins , and
meaguring ﬂlerwurkn shall be provided by the contractor.

Ertimales.

for the. wuorks, contractors will be requirsd
to state for what gross mum.they offer to undertaxe the
cxesution.of the whole of the works necesaary to complete
the bridge fo the eatisfaction of the sngineer, and to -
accompany their tender with a detailed estimate.of the
asme; and no tendsr will be received by the Company

In tenderin

which is not sccompanied by such detailed . estimate: - The
gncu act opposite to description of work in the
etailed uhmn&e shall slso apply to all deductions,

sdditions, or variations, and shall -inclnde all permanent
?nl%l temporary material, all lnbour,fworhnmsh;pi sé:af-
0 l‘ﬂ‘.m pm,gmlchmﬂrd’ or ainking cylindera
by peeumatio or other all other machinery,

, CAZTIAGZE nf materinl, and all eontingent
expenses connected with the works to which' such- prices
apply.

e contractor must also atate in his tender the time
within whish he will undertake to :have.the bridge com-
pleted, after the date of the acceptance of his tender by the
Company, unddr 6 penalty of £ per week for-every
week the. oomplouon is delayed beyond the time so stated.

" DescRiPTIOoN or WORK.
" Excavutions.
rings have been made in the bed of thc Fiver plong;'
thc mtended line of the bridge, the position and resulta of
which sre marked on Dmwings Nos, 1 and 2, eontrwtprs'
intending to offer. mwalaomspect the Baorer's journal giving
tha reautie of these: bormg;o

All the. piers for the mdﬂwfedapmnngtobe
founded st the dapth shown on Drawing No. 2, or. as other«
wise directed by the engineer. glmdm or caissons, of
the deacription hervin-after ed, to he sunk in the
bed of the river 40 the depth specified or required, far_ the
purpose of funding these piers, and the material- falling .
within the bottom. circumference of these ¢aisacna. to bo,
exesvatad ss they are sunk down, The material’ no-ex-
oavated sball. mot be thrown into the river, bart must-be
romoved in.barges and ited within - the - bulwaik . .zow -
fumndfwrodumnggmundonﬁwfmmhnn of

y botween . the pier of the P Haxhour, Drindss,
and B Point., The ma thus deposited not
njp 10 5 greater hamhtthan -four feet above.

the high-waterdevelof ordinary spring tides, The oylinders
the' piers of the 160.fest epan to be sunk. to tho
depths shown on Drawing No. 21, or to such depth as will
secare 6 perfoctiysound and firm lounduhon The material
excavated for the foundstions of the piers lnst mentioned

to be deposited on the ground before described for de-
puaiting the medarial from the foundation of the other
piars. Ths- piers for .60 and 80 feet apans, and the land .
pier on the north side, to be founded in the ordinary
manner. - 'Those within lngh-nhr !evul 10 be carrisd down
to the rook, - -
Should the depth to which, the caissons are sunk be of &
grutuorhmd?thmmahm on the Drawing No. 2,
additional works ar deductions caused thercby shall be

estimatetl st the prices in the detailed catimates,’and form
" edditions or deductions to the estimate, as the case may be.

‘The whiole of the aurface of the rock within the. bojtom
ciroumference of the bell mouth of such of the ¢aissons as
mny‘be fowmded on rook must.be carefully dressed to-a

hnl, so that tha ouuonu shall stand-:
vertieal; aird also forpmwdmgnlevdbedhrth
‘oth.rtﬁun

ENERH

s

fify’ #ﬁfﬁh the
bnc'imk o;the wnof ihe nndm"feot gpans helow

low-wntex lﬂelu to bie sdak down to the
depths sh ontfae ge No2ortomch
m ag the e M“d they
in all ouses ex lhc d’ &e foumhﬁonn up
“tides..

i -i’otiennh.pni u:srmgen mktbo
B *?t:g ?mgh other tn;z%emthﬂig

s for msapags 1



xxiv TAY BRIDGE DISABTER :

_ The esisaonas to_be of the form and dimensions shown on
Drawinge Nos.-3, 4,5, 6, These drawings represent caissons
of the averdge depth, required for the pices of the respoctive
spans, taking the rock as indieated by the borings. The
drawing of the caisson for the piers of the 20() feet span

- ghows it to be sunk:17 feet below the bed of the river, nnd
“that for the ceissons of tha 120 feet spans at 16 feet. The
greatest depth of the piers for the 200 feet spana below the
beid of the river, a8 indicated by-the borings, being 80 feet,
and the least 10 feet ; pud for the 120 feet spans the groatest
depth is 31 feet and the least 3 feet.

The bell-monthed ion at the bottom of ezch caisson
to be formed of mnlleable iron plates & in. thick, sheped
-and Tolied to the.figure of the drawing, and have angle ron

A3)k.in: by 3% ip,“fitled apd riveted thereto for the purpose of

" boiting the pistes togéther. Boita ta be § in. diametar, and

I¥ in, contres. An.angle iron 3} in. by 3} in. must also be
“fitted and;Tiveted: round: the inside of the top edge of the

“bevelled - plate, and'liave hicles bored therein } in. diameter
.and'8-in. cenitres, for the , puipose of bolting the flange of
“the upper cylindriéal portion of the caisgon thereto,

- "The-fal)-hieight ‘of the malleable bell-mouth in each
“caisson ta be 5 fest; and for the piers of the 200 fest spans,
the outside dismeter of the bottom, snd for a height of 2
-feet, to be 15 feet ; from this height, to the full height of
5 feet, to be tapered to the dismeter of the upper ¢ylindrical
portion to be fixed thereto, viz.,, 13 feet 74 inches outmide
“diametér. The boltom . dismeter for the piers of the 120
feet. spans, numbered: 17 t0 26 and 42 to 49 inclusive, to
~be 10 feet.G inches for.a” height of 2 feet, and tapered to 9
feet:74 inches.at the full height, and for those pars num-
-bered-5-to 16.a6d. 50 to 53 1oclusive, to be 9 fret 6 inches
for'a height of 2 feat and tapered to 8 feet 7§ inches at the
-fulltheight. The bottom diameter for the remainder of the
120 feet spans, 40 he'9 feet 6 inches for s heigbt of 2 feet,
and tapered -to-7 feet 74 meches at ths full height. The
piers are nuinbered.in 'Drawing No. 2.

" The-cylindrical .portion of the casson sbove the bell-
racuth ‘to be. [3feet- 7§ inchbes outside diameter for the
piers of the 200 feet spana; 3 feet 74 inches in dismeter
for the piars of the 120 feet apaus, numbered 17 to 26 und
42 10 49 inclugive ; .and ‘for those piers numbered & to 16
and 50 o 63.inclusive, tho diamater to be B feet 7§ inches;
and 7 feet 74 inches: in dinmeter for the piers of the re-
muunder of the 120 téet spans. This portion of the caiseons

‘to'be of caat iron, ¢ast in segments, having flanges inside
for, the purpose .of being bolted together in the ususl
manner- mu:go screw-holts. The m m all cuses to be
inch . in thickneds below the bed of the river, and bolts
} io.:dismeter; and ‘between the bed of the nver snd low-
water mark:the. metal' to be § of an inch in thickness, snd
‘bolts. 3 in. dikmeter. . Bolt: holes in flanges to he 8 in.
‘céntges. The ‘seguients ‘at the top of the caisson to have

“thé:tip Hange cast:ou’ the outside for the purposs of bolt-

.ing :theretd.the témporary cylinders, to be provided for
smking- the caissons, and bailding the piers up to high-
“water inark, .

The whole of the joints in both the malleable snd cast
iron portions of - the ‘caissons, as well as the joining of the
two, to be carefuliy. fitted and bolted together, so that th
meay be made -perfu_:g watertight, The joints to be planed,

_or. jeft rough and made good with rope wheeze or iron ruat,
.88 the contracior may, elect.
+'I'hie contractor-shall provide for temporary uss in sinki

:the‘caiasons; end<in:building the piers up to the level

“high-water rark, ddditional- cylinders, which shall extend

:from the top of the ient caissons 1o the level of high-

“watér mark at'lea bich temporary oylinders may be of

-malivable or’cast rou, as; the : prefer. ‘I'hess

“cylnders:shall bé of ‘the sam
“ caisaons; t0. whith the)
‘tinliation ‘theréy
whole of the jointd:t
the cpissons, Theseé cylindess to beso fixed

to th

shull ensure the perminent work, forthe execution of which
they are to he provided, biring carried out in the most per-
iect manber. When eny. one pier for which they have been
used-shall have been built up to high-water mark, they inay
. b removed snd siniilazly. used for other mers, provided
they have not been’in‘any wny dumaged.
.- When thé temporary cylinders have been detached from
- the:caissons, the’ caisspng ahall be connected together at low-
“wnier 1evel by a_plale 4.feet in Lreadth, and bolted to the
~“Bangés thereof, saabown on drawing.
o “Cylinders.for 160 Fest Spam,
_ The foar cylinders forming the piers of the 160 feet vpan
to be according to Drawing No. 21; o be- pleced 17 fock
-6 inches apart on the square, and sunk to the depth shown,
‘or.to euch other depth as shall be necesssry v mecure

.

firn foundation, ' Thoy will be 6 feet' outaide dimmster

cast in 5 feot lengihs, and extend np to:thé lavel of the

lower member of main girders. The top or caps of the

cylinders to be cast soparately, bave mouldings as showa

on drawing, apd a bearing formed fur girders reabog

thereon, The thicknezs of the metal to be ﬁnch, eud the

bolts for bolting together the 5 feet lengths of ths oylinders

to be ] in, diameter and 6 in. ceatres. The jeints {0 be .
planed, carefully fitted, and be made perfectly watertighi.

Fiers for 66 and 27 Feot Spans,

Each pier for the G6 and 27 feat spana tv be formed of
three cast-iron columns hraced togsther,—two being bear-
mg columne for the main girders, and ona a strut colnmn.
The bearing columns in each pier whan in peaition to be
9 feet apart at the top, centre to ceotre, ¢ one on the
up river side of the centre line of bridga to be sunk ver-.
tical, and the strut column to be bolted to the top-thereof,
raking dowawards therefrom with a batter of 1 in 3. The
bearing column on the down river gide of centre line to be -
e raking columu having & batter of 1 in 8.

The diameter of tha columns in the 12 piers nearest the
120 feet spans to be 1 foot B inches in diameter ; the dia-
meter of thoso in the next 8 piers, 1 foot 6 inches, and of
the remainder, 1 foot 4 inchea. The bottom I or
portivns extendiog helow low.water lavel, and herein-aftor
Bdﬁtdnhw a8 the piles of th'.i ﬁl“"m' to ba sunk to the

epths shown' on drewings. ilea to ba of such length -
that, when sunk, their tops will, pu near as poauible::gtbo
level with low-water, or with the bad of the river where ita
level is mbove low wuter. The foot of the pils of each.
column to have sn extended base or diso 3 faet 10 inches .
in diametor, baving serrated feathers as shown on. draw- -
ings, The piles to bo sank by mesns of a jei of water
forced by ateam pumps through s tube or pips inserted: in
the inside and through the bottom of the Lnla. similar to
the mode sdopted in sinking the piles of the columas for
t';lg]promem e piers at Southport in Lancashire and Porto-

o.

The flanges of each length of castiag for the piles and
eolomps to be turned on the face, snd have 8 bolt holes
1} in. diameter, ace drilled therein to ar throogh a
Kuge, so that any two fanges being spplied to each -other

e bolt holes would be true and fair, the lengths may he
propezly fitted and bolted together, The lengths of the
castings for columns to be 11 feet, with making-up pisces
regulsted as to length to suit the level of the piles when
sunk, and the-height of the respective piera. Bnugs to be
cast on the columna at the flanges, ss shown for bolting
and keying the bracing thereto.

The tops of the beaning columns to bave moulding a8 on
drawing, and the seat for the girders planed. The girder
seat on raking column to be square to & vertical-line. The
tops of the strut colurons to be formed to suit the oireum-
ference of the vertical bearing columna to which they are -,
to be bolted, and must be accurately fitted theréto, and--
abut againet the underside of the mou{ding. B

The columns and pilea forming each pies, when in pex
manent position, shall be square to tl?:ehn ent of the
curve of the bridge, mnge in line with each ather, and be
in exact position in relation to centre line, ond suit the

respective spans. .
braced sa shown on dmwing—the

The columns to be
horizontal bracing being T iron 6 inches by 6 inches, snd-
the diagonal ‘bracing mngle iron 3 inches by 3} inches,
The bracing to be formed at the ends to enter between the

- snugs of the columns, and be secured thereto with. bolts at -

orie end and keyed into them with gibs and cottass-at the

" other end.

he-fanges o be outaside, sand. the .-
to:be: made perfectly watortight, as in
: 0 the caissons, .
end to be of such make, strength, and workmanship as " -

“The columns and bracing to have four coats of the best

oil paint- of such cojour as the neer may detennine.
The cost nffﬂ-lnﬁng to be included 1n the price per ton for
the ironwork.

-All proper guards, guides, rings, bolts, water-tight-fixing,
&e. requgite for the eate and expeditious |ink‘1:: of ¢
caisaous and piles to bo provided. Proper staging end
.gpliamesahaﬂdnobepmﬁdedmd erocted for sinki
the whole of the caimsons snd piles in their position,
the greatest care and skill shall be uer(uedpmﬁhcmn-
:rac(mhm ensu;; t:n the minking is executed ﬁ}gy vertical,
or in the case of the raking piles, at the sngle, and -
in the exact line and poz_:iuo:?i shown i thgmdmﬁ:gl. )

All stnging, scafl , or oihet obetruction to the.
navigation of the river shall be erected and remoysd in

ance with the - neeessary Tequirementa of the river
suthorities, e T L
The contractor shall ahso provide wll lights, sad tight and
waich all the works daring the tonstruction exd Tt~ the
positions as may be-required:-by the Board of



APPENDIX-

" Conimissiotiars -of Narthern Lighta for the guidance and
protection”of the navigation of the rver.

Cast Iren,

. The iron-of which the csstings for the tgl{l_:dem. piles,
and columns are to be made shell be melted in & cupola
. “furnoce;-and shall be of such mixturs of pig that a bar cast
" {herefrom; With a_transverse section 2 inches by 1 inch,
.and placed-edgeways on bearings 3 feet apart, will pot
- break with a léas weight on the centre than 3,0001bs. ; end
- bars of the above dimenasions shall from time to time, on
the demand of the engineer, be cast and tested, st the sole
expense of the contractor, in the manner hefore men-
- ‘tioned. The whole of the castings shall be of the same
mixturs of metal, to be.vléan and smooth in the skin, free
_ from.all:défects, and perfectly true to the dimension and
" figniré of the drawings.

‘ Brickwork,
. The-briekwork fo be built inside the caissons, unless per-

* fnjtted.by the jengineer, shall not be commenced until the
e&isb'?ons':i‘a{re‘ébeen scourdtely sunk in permanent position

T;Enfd'se'cﬁquy;h}buéht to bearing on the foundstions herein-

. befdte.spacified, or.as way be directed hy the engineer; eo

-“that mﬁpau‘-mperfmdy verfical, the exact distance apart,
o i

the. ine of the bridge. ‘I'be piers for the

s, and- the land pier on the north aide,

y way, " The contractor to provide sll temporary
materiale:

“The whole of the hrickwork—rt.e., from the foundations
to the underside; of the impost or girder bed—shall he of
the very best' description, both in respect of material and
-workizmanship; -artd set in the Gest Portlend cement.

. The brick# used throughout in building the piers to be
-hard -burnt;- well-shapen, ond of good average size, each
‘briek to containabouy 140 cubie inches, Where the piers
“become . fromi- 10 to 6 feet in dinmeter, the heading and
stretehing bricks must be wade to radinte in the joints, and

~form’ & ;fportio‘n of the eircle on the face to
nference-of the piers,
riokd:immediately-before - being wsed must be the-
puFated with waber; and all dust or dirt removed
irmirface. : ‘
. “All-bats brought-upon the work to be at once rejected.
The brickwork shall be built in the caizsona to their full
- dismeter, exoept a spoce of shout 2 inchea sll round, which
ahall bé lefs and filled in with cement mixed in the propor-
" tion of 1 of. cement to L of sand, and fllled in when in a
fluid statc snd well remamed with iron bars, so that the
-work from the foundation to the top of the caissons shall

be ’&:rfecﬂ -water-tight.
The brickwork to be built within the temporary cylinders
,uﬁ» to high-water mark shsll be J)erfecﬂy ]ﬂumb, 8o that
when' thest -cylinders are removed, the brickwork will be
-found ‘truly_cylindrical, presenting no projections or uneven
‘surface on- the face,
7 . ‘I'he-two:columna of brickwork forming each pier having
“-been: brought up wertical to the level of high-water mark,
:shall be- continued: to the impoat at the top of the piers
~~with n-batter.or-taper on each -column suited to meet the
,"%gi@mt{r{qf-.’thp respective piers. The columne of the
.-200 feet.spans to:be connected at high-water level, and of
the 120 feet spans at low-water level, by s web or centre
wall of brickwork, whioh wall shall be 2 fest thick, and
continued.up to tbe full height of the colummns; and which
shall be of .tlio eame description of work as the columns,
and to be properly bonded therewith,
* The whole of the brickwork-required for the bridge shall
be laid or aét in cement when the cament is in a soft state,
and-the.beids and ‘jointa to be thoroughly filled, and each
. course t0'be grouted, with omment. The thickness of the

0 beda ahall not exceed § of sn inch,
_ the.conétruction ‘of .the piers it shall be in the gption
of the-engineér to substitute concrete for brickwork.-to such
extent ad he may direet ; and'such concrete, if 80 used, sball
be composed “of ‘one part of Portland cement of the best
quality, ione” part of sand, and three parts of gravel or
_broken stone.

Cemend

The whols of the cement for this work, and herein-before
refesred to, shsll be Portland coment of the best quality,
woll burnt, and  grouad- extremely fine, and weighing not

less than 112.1bs. t6 the imsperial (atriked) bushel. I 28
to be brouight - on to the works in a state fit for nee, and
'not nsed thorein untl it has been tested by taking samples
out of af least every tenth ftwo bushel) sck. These sam-
plea to be aruged ip m , and placing the cément at
once i water, in which it is to remain for seven clear duys,

ctangolar-in--section, and will be founded in the.

XXV

and testing it at,the end of thet time by the application of
s weight or laver. All cement that shall not & tensile
strain of 260 lbs. to tho sguare inch of sestion shall be
peremptorily rejectad, ‘and forthwith removed from the
works. ’

The cement shall bs used fresh mede, in such emall
quantities as may be from time to time required, and to be
well mixed with sand in the proportion of | of coment to
1 of eand ; no water sball be added after it has once been
mixed, and no cemeat to be ueed or mixed up with any
other cement after it bas once begun to set. It must also
be carefully preserved from moisture until actualiy used.

The asnd to be used in mixing with the cement to be
very clean and sharp, entirely free from silt and earthy.
substences. The water used in mixing the cement and
sund shall be clean salt water,

Stonework.

The stone required for the string-course of the piers of the
200) feet epana at the level of high water, and the impost or
girder bed of all the brick piers, to be of the best and
strongest description.

The belt of stonework for the piers of 200 feet spans,
and shown on drawings at high-water level, to extend- tha.
full diameter of each column. Each atone to have a3 large
a superficial content ns possible, and tho jrints mede to
radiste and fit close the full distance of each bed. These
stones to be in thickness not less than 2 feet 6 inches, and
chise! dresged on all beds and joints; and moulded on the
face to plan. The stone connectivg the colummps at this
level to be of the same thickness and workmanship as the
belt, and to extend into esch column not less than 2 feet. -

‘I'be impoat or girder Led of all the brick piers to be also
of stone chisel- dressed on beds and jointa; and moulded as
shown on dmwing. The impost for the piers of the 200
and 120 feet apans to bo formed of two stones well jointed
end cramped together, asnd must be prepered on the top
for the bed-dl:zlntes which are to be let into the stone, holes
to be also drilled for bolting down the girders and bed-

lates where fixed bearings are adopted. lmpost to be 18
. in thickness.

The abutment on the Fife side to be built of stonework.
The stone used to be of a good sound deseriptiou, and set.
in good lime mortar, ]

e foundation to be carried down to the depth shown
on drawing, or to such depth aa will secure a firm founda~ .
tion, and cut out to as near the size of the masonry as
possihle.

The foundation courses to he of selected fat-bedded
stones 9 in. thick, and having an urea of not less than
8 square feet, to be well flited at tbe joints, and dressed
top and bottom, so that they shall have alevel and uniform
surface to build upoo.

The abutmenta to be built of square rubble, with common
ruhble backing of tbe following description. o

The face work to be constructed .of what js:tachnically:
called square rubble—that is, stones ‘coritaining not;ileas;
than one third of s cubic foot, and to:be carefully:chisel=-
dressed on beds and joints, so ns to make the- clogast
posaible work, but may ba rock-foced, and thére must he
ons through in emz square yard of face-work s0-as tu.
brod the backing and face-work effectunlly together. The
backing to be of comuion rubble, well bonded to the face-
work, Each stone shall be hedded io wortar when laid,
and the whole brought to a level at every 18 inches in
height, and then grouted.

he -stones forming the corpers to have an area of
4 superficial feet, and be 18 in. in thickness.

The im coping und bearing blocks to be chisc)-

dresaed sshlar, and of the dumensions shown on drawings, -

Malleadle Iron Girders,

‘The main girders for the whole of the spans to be con--
structed on the Inttice principle, except those for the 160
feet ppan, which are to be bow-string, and the 27 fest spans,
which are to be plate. Those for the 20{) feet spans to he
'rlaced 14 foet 9 in. apart, and for the 160 fest epan

7 feat 6 in. apart on the equare, ctotre to centre, with
cross girders of plate bolted to the bottom members.
Those for the apaps of 120, 80, 66, 60, and 27 foet to be
laced 9 foet apart, centre to centre. The crogs bearers
or theso & tu be of timber, and placed on.the top
membars of the girders,

The girders for the 200 and 120 feet apans to be erected
in sets of continuous girders of four spans each, witb the
exceptions shown on general elevation drawing, No, 2.
The exoeptions being w two girders wre shown to be
continuous in placs of four,

Lnch get of continuous girders, of four apans cach, shall
be fixed to their centre pier, and have moveable bearings
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third girders in each ket ns shown, Betwesn'tach-of: tkcte
girders_there' is $0 bo 8 space of 3 inches—at the lowet
membet s 3-inch cast-iron S]ate is to ba inseried between
the -enda-of the girders and fxed with bolts ae shown-——
the members of these girders to be connected with
ma.u::gle' iron plates; but before rnveling t'heu, the
further cad.of each girder to be lifted up o height to be
afterwarda decided upon, in order to bring the continuity
into mction.  Fixed goe:rmgn to be pleoed on the piere
between the 200 and 120 feet apans, between the 120 and
66 feet. spsns;and between the 120 and RO feet spans,
"ad “two. girders of -each adjscent span to be fixed thereto
‘na’ showm. . “The Frdus far the 66 and 27 foet spans to be
¢ of continuous girders of three spans each,
‘having Axed:bearinga ou both piers for centre girder of
‘each et And movésble bearinge on the other piera.
.“THo tross girders for the 200 and 160 feet spans to bo
o girders and fixed to the bottom member, )
The whole of-the girders to be made in accordence with
the respective drawings, the shape and dimensions to be'care-
fully worked to, and the various garha well and sccurately
fitted together.. The material and workmanship must he
of the best description. )
-”.The: wrought - iron_platea, bars, angle and T irons used
in the construstion of the girders for thia bridge mnat be
of sich make apd guality 4 shall be specially approved
by the enginees, and of such strength that one square inch
of sectionial-Aréa ahnll'\snpﬁ:t a tensile strain of 21 tons
svithout breaking. Such bars as the engineer may select
from tithe''to tine must be torn agunder in the presence
of-himself: or his deputy, snd if any break under a less
tensiic, strain-than 21 tons per square inch, ea before
mentioned; none of the plates, bars, &e. supplied by the
‘same"iron: campany shall bo allowed to be used,in these

on the othér piets. It is to bo obsersd that the dimen
si?:ns of thé.'i{‘;‘ut,nnd fourth differ from the second sud

li{u"i:l‘hn';ginie-.‘r work must be of the best description and

more of the nature of cngine work than that ususlly
plied to bridges.

“The. rivet holes in the whole of the plates, bars, angle

irons, &c. ‘must be punched quite true and fair, snd when

the parts of -the girders to be nveted her sre fitted in

position, the rivet holes must be perfsctly tue and fair
with each -other. All riveta to be made of C crown iron
oF ; such othier-as shall be approved by the enginear. 'The
riveting . mu “executed in the most 1 and work-
manlike: ms “oare, being taken that the rivets exactly
fill the. holea:=- The:heads of the rivets to be finished off in
the best stylel .

“ANYhols¥ to: be ‘made of Lowmoor iron, or such other
make aa;shall bie:specially sanctioned by the engineer, and
to-be neatly finistied, head and nut, and not projecting
more than_ balf an inch through the nats; te be carcfully
forged and-screwed and made to fill the bolt holes.

the ironwork to be painted four coata 6f the beat il
paint, of such colour s the engineer may determine. The
cost_of painting to be included in the price per ton for
ironwork., :
Bed Plates and Expansion Rollers.
pla xpansion -rollers to be made in accord-
vog.-11,-12, 13, sadd to be of cast iren
Bf the best quality.. The rollérs to have frames of mallesble
iron: Tlx_E:?)_fd o5 of. the fixed bearings to be bolted to
‘impdat 58" shown.- '

< The bed> plates;
ance with: Drawiing

i t7used Hin” the cross-bearers, way-heams,
and. plankmqmmbe of “the beat crown Memel or red pine,
neatly jack-planed-and dressed to the dimensions of the
drawings.

The crose-beams, 12 inches by 2 inches, to be balted to
the top member of the girders with 4-inch bolta.

The way-béams, 14 inches by 14 inches, to be bolied
to the cross-girders by 3-inch bolts. The way-beams, 14
inches by 7-ifichés, to be bolted to the crose-beams by $-inch

_'Thé plapiiog to be 12 inches by 3 inches, and spiked
to- the cross:beams. by apikes 7 inchea long aod § inch
square. at the  head; and -pointed. In the case of cross-
fardess, the. plankinig:to b fixed to the top Aange by 3-inch

holte having dogleads:

“ .- Hasd Raiking.
The hand-railing o be acoording to dmwing. To be
3 feet 6 inthes high; having cast-iron standards placed
6 feet apart, formed of four feathers §-inch in thickness,
baving heads made to receive gus-pipe for hand-rail, The
gue-pipe to 1 2% inches -outside dismeter, nnd joimings to
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be :mnde ges-tight.. The stendards to be
timber-work with §~nch holta, PR

Gﬂural Coudjtigns, &e.

1. The contractor ahall complete the whole of the éorks

bolted to the

herein specified, and euch ndditionnl works as'the éogineer
msay direct to be executed, so fa to renider the hridge
complete jn every rempect, except the laying of the per-
menent rails and chairs, within thres years from the date
of the acceptance of his tender by the Company, S

The contractor shall he bound to give to the coutractor for
the railway in continuation of the bridge at cither end free
nccess end every reasonable facility to suoh portion of the.
bridge and ‘im\md s may be neceasary to ennbla the latter
to execute the work embraced in bis contract, such
snd sccommodntion being regulated and directed by the
engineer; and no inconvenience or allegred inconveniencs
ariing therefrom shall form any ground for ¢laim of-"
damages by the contractor againat the company:

All matters and things required to he dune or observed -
by the conteactor in this epecification, or his contract; deed,
or agreement, shall bo taken to be included in the amount
for which the contractor undertakes to execute ths work,
although not specially named ar included in the schedule of
quantities, it is to be deemed conclusive that he based his
estimale apd prices upon the knowledge that all puch
matters and things must bo fully done, observed, and borne
by him, and at his con cost. .

The works, and the mode of execution, are described at
length ic the specification of each perticular work, and:
their forms and dimensions deseribed in the accompanying
drawings, which are referred to in this specification ; “but
shonld any discrapancics exist between the wéasurement
by the scale sttaobed and the written dimensions, -the
latter are to be taken g correct, Anything contained
in the drawinga or epecification shall be considered as
contained in both.

The written dimenaions are those by which the contrastor
shall make his estimata.

And wherever neithee the drawings nor the specification
contain any notice of minor parts, the intention to include
which is peveribeless cleady to be iuferred, and which
parta are necessary for the completion and stability of the
work, all such additional things are to be dove sad pro-.
vided by the contractor, and are assumed to be included in
the sum at which he contracta for the works ; end wherever:
anything is directed to be done, or “to be provided if
required,” or words of simular import, it must be onder-
atood thot everything so referred to will be considered as
included in the tender,

The contractor will \be bound strictly to comply with the
l:ravieiom of the Act of Parlisment obtained in session

870, for making the hridge snd railways in connexion .
therewith, and to salisfy all olafme made Against the
Company, in consequence of any violation of, or departure
from, the provisions of ench Act hy him in so far a8 it,
relates to the works in his contract. :

Whenever the wortls * the Company " are used, thasc
words ehall mean throughout the whole of this specification
the North British Railway Company, and similarly- the
worda “the engioser” ghall mean Thomas Bouch, Civil |
Er}ﬁineer, Edinburgh.

e whole of the works in proximity to the Caledonian
Railway are to be carried on in such-a manner as shall-not !
interfere in any way with ths traffie of that rilway. )

The contractor shall, a¢ his own cost, provide suiable

licomen whenever it may bo ordered by the:engineur, or .

any one or more of the magistrates of the district; as -

e company or megistrates or magisirate. may think
neceasary for the due preservation of the peace or protec
tion of the proparty of the contrector, or that of the
adjoiting owners.

e mhmtor to pru;_ride and pay =l} compenmtfion for
any lan may require for tem purposes, and shall
make good all?mia.ga to mds,m pablic or private,
or to lnds of private individuals, arising from carting
of materials, or from any other cause contingeot upon the
execution of the workas. i

The care of the entire works of the -bridge shall remain-
with the comtractor until their completion, and be’shall be .
held responsible for all.aceidents thereto, and shell make-
good all d ¢ and de to the. said. work, whather
arising from bad or inwuffcient matorials, bad workménship,
or any other camee whatever. No certificate or apiproval”
by any officer of tho‘Company of any works- supposed to
have beon pmpaxudone_ shell affect the right.-of the.
Company against contractar, or be considered or held
ss ot all conclusive as to the ufBoiency of any works or

materialn. .

The contractor shall from time to time fuuke sny aliern-

tions in the worke which the m'ﬁ‘?m‘? o
’ <A
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whether by:additionis. or -deductions -or deviations, or the
omission'qf;"?jy;ﬁdrka herein eo;\lgudag t‘or,hor sny part
of ghun, ‘or for, new or exirs works and spoh alterstions
. or additions shall not vacate this contract;' the valus of
sach alterationsor additions shall be ascertoined by ddmea-
- gurensent, and shall be added or deducted, as tha case
- may-be, at_the- prices set forth in his cerimate. The con-
“i-trpotor shall -not- in.any case be comsidered s having any
. claim upon the Cémpany for extra or additional paymenta
" fox or-pn"socount of any such works, unless ho can produce
* thg guthority in writing, gigned Ly the Company’s priacipal
erigineer, for such alterations or additions. The contractor
shall not sub-let the whole or any pert of the work harein
contracted for without the previous sanction of the
engineer it writing. ‘
_ The enginesr will provide from time to time the detail
o.-and other. deawi the various works,
L The-‘whnli:-f(if:g;_-works are to be paid for according to
L the, aetinl "i:'i:}ﬁt'{‘;_exeeuud, at the price opposite each
-.déeseription; of . workin the estimate. Net messurements
- .tp'botaken in._all” cases, without any allowance for circular
- or face.work; notwithstanding eny general or local custom
to the contrary.
. The contractor shall, at all times, be present on the
" works; ar, in.his absence, he shell provide a competent
-, representative, fully suthorised to act in hiy behalf, in all
atiers ralating to this contract.
The contmctor shall, at al) times, by day snd night,
- provide and use, at his own cost, all overlookers, labour
_and-materinls; of every description whatever, that may be
required for. proceeding with, and completing the works in
"8 workmanlike-manner; and shall proceed thercin st the
.~ rate-of progresaithat may be from time to time required hy
,-_rwé- mmnw. - _‘ N
" It is to bk understood that though certain descriptions
- snd stipulationa are repeated or imaplied in differcnt parts
.of thia.specification, and in the contract to be entered into
far 'theﬁlﬁlmedt of the same, it shall not be thence inferred
thas the remsining directions, deseriptions, or amplifications
are in any wise invalidated.
The contractor shall, at intervals of every month, furnish
to the engineer a statement and account of all wark done
- by him.during that peried ; and of all amounta charged or
- claimed by him for edditions, extras, damages, compensa-
-tion, or ather claims whatsoever, all which shell be inves-
-tigated, valued, wnd: settled by the engineer, according to
- the'estimate prices; 50 far as the zame is spplicable thereto,
.-and ‘where. oot *applicable according to the valuation and
-osspapinent’ of {thie gaid-engineer; and the mount of auch
- aocount, ‘aftef being: dertified in writing by the engineer,
shiall-be paid.to-the contractor after deducting 10 per cent.
~off .the, amount,-which shall remain in the bands of the

; wbeok shall he paid to the contractar upon the
- certificate of the engibesr that the coniractor has performed
this. contract,and sll his obligaticns arising therefrom
satisfactorily, and that (taking into consideration all claime
on both sides) auch balance is justly due and owing to the
contractor, and- no moneys shall be deemed due, or payabie
-on, or for eny escount to the contreot, or under this con-
- tract or for any claims.arising out of, or in any way incident
thereto, or to the works, except the same be certified in
‘writing by the.engineer a3 aforesaid, and in all settlements
of "accorints; betwepn, the -contrsctor and company, it ia
-hereby: e_;e_le'é;ead’, 4 00- ¢:

“~Company, till'the completion of the works, when the whole:
'of-.'a;:i:h'ii,

-thja'-:v?ifitten'._nh;hbr_itji"‘bf;thé-:gngiﬁqer, and which autho-
ity -shall be produced at the time of the settlement of
acoounts.

And should the engineer be at any time dissitisfied-with -
tho nature or mdde of proceeding in, or the rate of progresa’.

of the work, or afiypart: thereof, he shall have full power -

to procureand. make.ane.of ‘all labour and materials which
he may desm necesisry;'deducting the cost of such Iabour
and .material- from ‘the money that may be due, or becoma
duo to the contractar,” Butit is hereby expresaly declared
that the pomession of thiy power by the engineer shall not,

in any degree, relieve the contractor uf his obligations to
proceed in the execution of, and to complete the works
mhihﬂﬂw,ﬂwiﬁonl I ° LA N

In case the contractor shall not continue ‘o execute and -
advance the progreas of the works, or any part thereof, to
the eatisfaction of the engineer, or his deputy, or if before
the completion of this coniract, the contractor shall beapme
benkrupt or insolveat, or compound or propose to com-
pound with his creditors, or carry on business under inspec-
tors sppointed on bebalf of creditors, then and in any of
thoss cases, the Company msy, if they think fit, determine
this contract, so far ms respecta the future performance
thereof, by or under direction of said contrector, and forth-
with give notice to the aaid contractor of such determipe- -
tion, and immediately on such notice all penalties and. sums
for non-fulfilment of contract shall be forfeited to the said -
Company, and all materials, horsss, engines, machinery,
vessela, boata, buildings, tools, implements, and plant pro-
vided by the contractor ahail alap in such case become the
progaty of and may be seized and taken hy the Company.
And as soon sa convenient aftex the determinaiion of the
said contract as aforesaid, the enginoer shall mscertsun and
fix finally and conclusively as to all parties, the amount .
earned by and guazly due to the contractor in respect of
work done and materials provided, and the value of all
nuaterinls, horses, engines, machinery, vessels, boats, build-
ings, tools, implements, snd plant, teized and taken and
0 possession of the said Company, and the amount and
value of other claims, if any, of the said contractor against
the Compeny, of all which claims the contractor sh:ﬁ‘;':ve
notice within six days of the determination of the aaid
contract, and such engineer shell credit the contractor in
his accounts with the Company with such amounts. And
eaid engineer shall agoertain the sumes paid or advanced to
the contractor by the Company, and the nmount ead value
of all loss, costs, damages, and cinims of the Company
aguinet the contrector, whether hy reason of the determi-
nation of the said contract, or the acts, neglects, or defanlta
of the said contractor, in reference to this contrect or other-
wuse howaoever, and shall make such allowances nnd dis-
allowances on hoth sides of such aceount as he, the said
engineer, thinks reasonable, and he shall finally settle the
balance of account due to or from the satd contractor, and
such balence 8o settled shall be final and recoverable by
the party eatitled thereto under this ent.

It is to be distinctly understood that the engineer may, -
at all times, direct that there shall be made dny. deviations
from the line of the bridge as now.ataked out, additiopal -
works, or any alterations in, additions to, or deductions
from, any of the works herein described or referred to ;" all
which shall be valued or estimated by the enginecr, and-by
him certified in roanner herein-before mentioned, and pay-
able upon suck: certificate only, aecording to tho prices in
the contractor’s estimate attached to his tender; and that
the prices inserted in the estimate shall be considered as
including sll Jaboursge, materials, snd all -contingent ex-
penses connected with the works, to which such prices

apply.

fr. is aleo to be distinctly understood that the whole of
the works are in every particulsr to ba executed to the
entive aatisfaction of the engineer.

All- metters and questions as to the true intent and
meaning of this specification, or as to what shall be con-
midered carrying on the work in w» proper, uniform, and
regular manner, or as to the expense of any sdditional
work, or deduction from that apecified, or any alterations

. which may be more or leas expensive than the work speci-

fied—all or any of which may be ordered hy the directory

- or their engineer (and which they reserve power to do}, or

a8 to what constitutes extra or dirinished work, or as to
-the proper maintenance of the works, or ss to any other.
" matter connectad with thia specification or contract to

follow hereon—shall be decided hy Thomas Elliot Harrison,
Civil Engineer, London ; whom failing, John Hawhshew,
Givil Engineer, London ; and the deision, interim or final,
of the said Thomes Elliot Harrison, whom failing, the eaid
John Hawksbaw, shall be finally binding and conclusive
on both parties,
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No. 7.

CoNTRaGT. with Messrs. HoPEms, GiLEES, & ComeaNy, for the BuiLpiNG of the Tar Brrax,
' with Speaification. '

Tuie ConTRACT, entered into and executed by and
" hetween the North British Railway Company, incor-
ted by Act of Perlisment, of the one part, and
?:akins, Gilkes, and Company, Limited, s Company
established and incorporated under * The Companios’
. Act, 1862, and carrying on business as ironmosters,
founders, and engineers, at Middlesboro’-on-Tees, of
the other part :

- WiTnEs*ETH that whereas by contract, duted the 8th day

. of May 1871, between the North Lritish Railway Company
{hesein-after icatled * the Comen{j"), and the now de-
‘ md Cheslés:Louis Aimé de Bergue, therein called
" Cnariéa de Bergue, of No. 10, Strand, in the count of
- Middlesex, civl engineer, snd carrying on business there
under the style and firm of Charles de Bergue and Com-
pany, and the said Charles de Bergue and Company, the
said Charles dé Bergue, and Churles de Berguo and Lom-
pany undertook- to construct a bridge over the River Tay,
about 1} mile above the docks st Dundee, in connexion
with the railways autborised by ** ‘The Nortb British (Tay
Bridge and Railways) Act, 1870, and that according to_ p
_plans, sections and drawings of the said bridge end works
numbered as therein mentioned, snd = specification of
works annexed -to the said contract and suthenticated as
relative thereto nt -the prices and upon the terms and con-
ditidns therdin particularly set forth: And whereas the
‘gaid Charles de Bergue and Company eniered upon the
" ponstruction of-the said bridge, snd since tbe death of the
gaid Charles de-Bergie upon the 10th Apnl 1873, the works

" have been carried on by his executrixes: And whereas in
. the .progress of the said works certain arrangements wero
raade between the Company epd the gaid Charles de Bergue
sitd Company or the said executrixes of the said Charles
de Bergue, for altering and modifying certain parts of the
works of the said bridge as shown and described in cerlain
“additional drawings, and for increasing the contract prices
of ctrtain.portions of the apid worke: And wheress the
whole businesa,. property, contracta and rights of the gaid
Charles de Bergue and Company, including the contract
" for the aforesaid bridge over tEe 'Tay, have been transferred
to De Bergué and Company lamited, a Company ests-
-blinhéd:-:zs'.inw'rppmte under * The Companies’ Act,
- 1R62 " And: whereas the Compauy have sgreed with De
‘Beérgue aid Company Limited to put an eod o the gaid
- contract -for. the - construction of the said bridge over the
+'Tay,-asat the;lst day of May lost: And wherens the said
- Hopkuns; Gilkes, and-Company Limited (herewn-after called
the sontractors):have agreed with the Company to take up
the aforesaid contract as at the lst of May last, and from
thence to carry on and complete the whole works remaining
to be cxecm uuder the same upon the terms and con-
ditions under written : And whereas the contractors have
armanged with the Company and the smd De Bergue and
Compsny Limited, to tske over the whole unappliel
material and- plant- at the works of the sad bridge accord-
ing to a veluation thereof to Le made Ly John Anderson,
“Civil-Engineer; Middlesboso™on-Tees : And whereas the
‘joint committes -ecting under the agreement between the
“Company and’ the aubscribers to the ‘I'ay Bridge under-
takipg haye given their sanction and approval to the said
-arrangements as testiied by tho endorsement hercon under
.the. hand’ of wtheir secretary : Therefore the said - partics
 have. agreed-‘and. bind aud .oblige themselves with and
to each othéer. ms’ follows : ‘That-is to say, the contractors
hereby bind.and -oblige themselves and their exeentors,
administrators and successors, all conjunctly and severally

to take over and:pay the Compeny for the whole materinls -
und Dot permanently applied in the structure

upon the
of the eaid bridge se: at the 1at day of May last, and.also
the materials:delivered since and including thet date, and
ior to their-entering into actusl ession, including the
inside malleable iron caissons and edditioopl brucings for
girders’ pssigned to.the Company under their agrecment
with the said De Bergue and Company Limited accordin
to the valuationto he made ss aforesaid and all ay ad'uateﬁ
and seitled in s fur 85 relates to the quantity of such
meterials. by the engineer of the Company. And the
‘contractors-hind and oblige themselves and their foresaids
to pay or account: for to the Company the value of the
whole of the eaid materials hy pertedical instalments, as
such materials. are. progresaively incorporated with the
worky, or ore ‘otherwise applied or dispesed of by the con-
tractors, and the quantity of such materials so used or
disposed of shall "be udjusted and fixed hy the enginoer of
the Company and stated in the monthly measurements to-

be made by him : And further the contractora bind them-
selves to repay to the Company ell sums of money ex-
pended by the said De Bergue and Company Limited for
jabour porformed and materials used in the construction
of the works since the 30th day of April last: And the
contractors also bind themselves and their foresaids to pay
to the Company the value of the whole plant, buildings,
jetties, stearners, barges, boats, machinery, and other
general plant, on the eaid River Tay, or the banka thersof,
at the bridge works, engaged, erocted, or employed by the
said former contractors in corrying out the said contract
according to the valuation thereof to be made as aforesaid,
snd that by granting bills for the amount of such wvalue,
including interest, payshle to the Company at negotiable
dates: And the contracturs further bind and oblige-them-.
selves that thay shall forthwith enter upon the ‘said works,
and thereupon they shall snd will well and substantially,
and in e good, efficient, lasting, and neat ond workmanlike
manner, and to the entire satiafaction of the enmginecr, and
of tbe arbiters herein-after numed, Loth as regarda the mea-
terials used and the mode of their nee, make, execute, and
completely finish the said bridge, witli all works meidental
to the perfect construction anil complation of the same,
inciuding the restoration of the work erected by the former
contractors, which has failed through bad foundations, and..
also including the finding and providing all material per-
manent snd temporsry as well as o}l labour, carringe of
material, workmsanship, machinery, vessels, hoats, harges;
huildings, tools, implements, and other plant whatsoever
necessary for setting out, constructing, an eomplet.irf the
said bridge and works incidental thereto as aforesaid (ex-
cepting the providing and laying the permanent rails and
chairs), and that in terms of, and in the manner described
in the specification and according to the plans, sections,
and drawings, all subscribed by the said parties as relative
hereto, or according to such other altered or explanetory
plans, ssctions, or drawings as may from time to time hc-
furnished to them by the Company's enginecr, declaring
that the said specification, in so far as not berein expressly
altered, shall form an integral part of these presents, and
the contractors bind end oblige themaelves and their fore-
saids to abide by and implernent the same, and sueh other
grder;: and inatruction:ha.s may from time to time be given
the engineer for the purpose, of corrying the whoale
q{ the worka of the ch l:ridge and wor:g, incidental
therets as aforeanid, or any alterstions thereof ar additions
thereto or deductions therefrom into etfect. 1eclaring also
that though certain deseriptions and stipulations mey be
repested!in didferent parts of the smid specification, snd in
this contract it shall not thence be inferred that the re-
maining directions, deseriptions, or amplifications are in
onywise invalidated. Declaring also that the enginecr
shall have power at all times to direct that thers shall he
made any deviations from the line of the bridge as staked
out and delineated upon the foressid plans, sectione, and
drawings, additional works, or sny alterations in addition
to or deductions from any of the works herein or in the
said specification described or referred to, provided.the
same shall be within the powers conferred by the eaid Act,
ond the Acts incorporuted therewith, without vitiating this- .
contract or affecting the prices in the said schedule of prices
annexed and subscri as relative hereto, And it ia
herehy further specially provided and decloyed. that the
contractors shall, o{ intervnls of every month from the

.commencement of the worka to be exeented hy them under
© this contract, furnish to the eogincer a statemeat and ae-

oount Jof all ‘work done hy the contractors during that
period, and of all amounts charged or cinimed hy ther for
extra or unapecified work, damnages, compeneation, or other
claims- whetsoever, the wholv of which statementa and ae-
counts and claims shall be investigated, valued, and settled
by the engineer, according to the prices in the svd sche-
dule of gmcea, 60 far ma the same are applicabia thereto, and
where the same are not applicable thersto according to the
valuation and assessment of the eugineer, or, in the event
of dispute, according to the valustion and nssessment of the
arbiter after pamed, sad the amount of the smid sccount’
for the said work and claims on the part of the contractors
shall, after the amount thereof Lias been certified in writing
84 correct hy the enginoer, be paid to the contractors, efter
deducting L0 per cent. thereof, until the 10 per cent.
thereof shall amount to 10,0001, which sball remain in the .
hands of the Company till the completion of the whols
works, and upon the oomapletion of the whole works -the
whole of the said deducton of 10,0001, ahali bs paid to
the contractors, or their foressids, upon . the oert of
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the engineer that the contractors end their foreanids have
perfoimed their part'of the contract, and the whole ohli-
tions incimibent on -them under the same, to the. satis-
faction of the engineer ; and upon the further certificats of
the éngineer that, after taking into conmderation the
mutual ohligations and claims of the Company and the
contractors, the amount of sueh deduction is justly due
snd owing to the contractors, or their foresaids; and it is
further agreed that no moneys shall he deemed due or
-payabie to- the contractors or their foressids in respect of
any account for work or clams under this contract, or in
reference thereto, in sny way except the same be certified
in writing a5 correct by ihe engineer as aforeesid : Such
certificats not to be witbheld by the engineer when due
and applied -for by the esid contractors, except on stated
valid and substantial grounds. And in all settlementa of
.accounta bietween the contractors or their foresaida and the
+Company, it.is- hereby agreed and provided thet no pay-
. inent fér extrs or unspecified work or alteration or de-
-viation fromithe works specified in the said specification,
will 'be allowed by the Company to the contractora or their
-foresaids; Unless the same shall have been done under the
‘writtén authority .of thu said engineer or his suthorised
.agent, or by oral directions given to the contractors or
their clerk of the worka by the said engineer himaelf, and
which authority shall be produced and omal directions
proved nt the time of the settlement of the account he-
tween the contractors or their foresaids snd the Com-
paay, otherwise the contractors or their foresaids shall
_have no claim for the soid extra work or work caused
by. ssid ‘slteration or deviation. And it 10 hereby sgreed
that” all -cxtra or unspecified works that may be done
undér this contraet shall be carried out in like mabner
‘with the epecified worke, in terms of the said specifi-
-cation,  déclaring thst shonld eny amnll Oiscrepancies
‘exiat betiween tha measurcment by the scale attacbed to
the- said: ‘pline, sections, and drowings and the written
-Jimensions’ in -the said specitication, plans, sections, and
-drawiigs the written dunensions shall be taken aa cor-
rect. "And it is further ogreed that wherever neither the
eaid plaps, sections, and drawings nor the said specification
contsin any notice of minor parts, the mmtention to include
which is ¢learly to be inferred and which parts are necessary
for the completion and stability of the works, all such addi-
tional things nre to be done and provided by tne contractorg
and-their. foresuids and are assumed to be mcluded and
covered hy.the prices for apecified work contaned 1n the said
schédule of prices, at which they contract for the works
shown wpon-gaid plana, sections, and drawings, and speci-
fied in such specification ; theé true intent snd meaning of
this contract being, that whether the same be specially et
forth and expressed, or not, herein, or in the said specifi-
cation, ur upon the said plans, sections, and drawings, the
contractors and theuwr toresaids absll, uniess where it is herein
expressly.provided {o the contrary, provide and furniab,
without-any cxtra price or compensation therefor, all the
-materialy and Isbour (excepting the previding and laying
the permanent rails and chairs which shall be done by the
- Company} requisite for the construction of the said bridge
and the whole works incidental to the perfect eonstruction
and completion of the same, and that in all respects in an
efficient and workmaanlike manner and to the reasonsble
‘eatisfaction: of ithe Company’s cogineer. And it 18 hereby
provided- and. declared, that the contractors and thewr
foroaaida shall;be at all expense and risk of setting out the
works ffoh-{imeito time snd shall allow the engineer or
superintérident” under him to have any workmen or
labourits and to furmish hum with all such poles, stakes,
boats; and.otber assistance as he may reasonably require
for the purpeséiof ‘examining or testing. the correctoess of
.the work whilst being- set out, proceeded with or as exe-
cuted, and-also;aball a9 provided in the asid specifieativn
ot the materials which are therein required to be tested,
nnd that-all without any chuzge being made fur tha same,
and farther-tha contractors bind and oblige them: ¢ives and
their foresaids, ‘that the works yet to be dune shall he
commenced “without delsy ufter the signing of this
contrect, and the said works shall be carried on so that
the whole works apecified in said specifieation and sbown
upon aaid plans, sections, and drawinga, and soch addi-
tional works and alterations as the engineer nay direct to
be executeéd as afureanid shall be finished, and the said
bridge’ completed in every ruspest (ths Company oni
supplyingand" laying thereon the permanent rails an
ohmﬂmtwudyem from the 1lth day of November
next to the end and affoct of the said bridgo being-openad
within tho emd poriod with the sanction aad approval of
the Board of Trede or thair inspecling officer. And it s
hereby apecially agreed -and provided that the workas shall
he comménped nnd oarrisd -on at duch points, parts, and
placss as shall be .directed sud sppointed by the Com-
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pany's engineer. And it is hereby specislly conditioned
and declared, that if the contractors or their foresajds shall
not comménce the said worka within the icd hefore-
mentioned, or skall not uniformly or reguiarly earry -on
the same to the reasonable satisfaction of the Company or
their engineer, or if it skall appear at any time or from
time to time to the Company that a sufficient number of
men or material are not employed or used by the con-
tractors in the execution of the works herehy contracted
for, or that otherwise the work is not proceeding at such s
rate &% to ensure the completion of the ‘whole works within
the timo shove specified, or if the engineer shall at any
time be otherwise reasonably dissatisfied with the nature
or mode of proceeding 1 the work, or if the contractors
shall not adhere to snd implement. the conditions.herein
and in the said apecification contained, or shall not com- .
ply with the orders and directions to be given from time -
to time by the Company’s engineer as aforesaid, or ahall
from eny cause whatever be prevented from, or delayed in
proceeding witb, or completing the said works according
to this contract, except ai herein-after mentioned, it shall
be lawful to the Company, &s oft=n as any such event ahall
happen, by & written notice, to require the cantractors tu
eommence or proceed with the said works, or to provide
ar emlploy suoh additional workmen or materisl, and for
much length of time, snd to comply with such orders rs
the case may be; and in case the coniractors shall not,
within fourteen days, conform to said notice, or empl
such workmen, or provide such material, or comply wig
such orders as may be go given, 1t shull be lawful to, and
m the power of the Cumpany, to csll upon the arbiter
herein-after named and sppointed, to suthorise them; and
the szid arbiter may thereupon suthorise the Company to
provide such additional workmen, and to make use of such
materials gll s the engineer may deem necessary, and to
continue to employ such additions! workmen Ffor such
length of time and at auch wages as the engineer ahall
think fit ; and the payments thus to be made for the same
by the Compeny, including the coat both of labour and
material, shal! be made and deducted out of the moneys
which may then remain due to the contractors, or their
forcsaids, or wbiob may at any time or tumes thereafter
become due to them. And the Company ahall, in the said
event, be at liberty to take and use the whole materials,
horses, engines, machinery, vessels, boats, barges, building
tools, implements, and whole other piant of every descrip-
tion provided by the cootractors for carrying on the works,
and to provide such additional mnterixslrﬁomes. engities;
machinery, vessels, boats, barges, building -tools, imple-
ments, and other plent of every description, at- the expensa
of the contractors, a9 may be requisite for proceeding with
the same; and in case the balance then duo to the cun-
tractors or their foresaids, or which may thereafter become
due to tnem, shall be insufficient to cover the said pay-
ments and expenses, the contractors bind und ohlige them-
selves and their foresaids, to pay the same to the Company
on demand. But it is herehy provided and declared, that
the possession by the engineer-of the power contained in
this article, shall not in any degree relieve the contractors
snd their foresaide of their obligations to proceed in the
execution of, and Lo complete the works with the required
expedition : Or otherwise, if the contractors or tbeir fore-
saids shall not continue to execute and advance the. pro-
gress of the works, or any portion thereof, to" the satisfuc-
tion of the engineer, or if before the completion. of this
contract, the contractors or their foresaids shall become
bankrupt or insolvent, or compound, or propose to com-
pound with their creditors, or carry on business under -
inspectors sppointed on behelf of their crediturs, then and
in any of these cases the Company may, if they think .fit,
determune and put an end to this contract, so far as regards
the future performance thereof, hy or under the direction
of the contractors or their foresuids, snd forthwith give
written notice to the contractors or the:r foresaids-of such
determination, and immediately on such notice being given
sll summs of noney due and unpaid te the contractors shall
he forfeited to tie Compeny ; and all materisls, horses,
engines, machinery, vessels, boats, barges. building tools,
implements, and whole other plant of every description
provided by the contractors may, in such » case, be taken
possossion of by the Company; and the Comapany shall
keve full power to tuke the whole works out of the hands
of the contractors or their foressids, and to prorecd with
the said works, and to complete the ssme or to employ
any other person or persons by contract or otherwise 1o.
complete them, and to take and use the materials, horses,
cugines, machinery, vessels, boats, b , huildmg tools,
nplements, and whole other -plant oi avery. description
wlich may have been' provided hy the contractors for the
construction of anid works, or to provide such other mate-
risls, horees, engines, machinery, vessels, boats, barges,
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building tocls, implements, and other plant whatsogver at
their own. nse, a6 may bo necessary for proceeding
therewith, -ard all extra payments spd thereby
made or ineurred hy the Company shall be deductad out
- of the moneya that may then remain due to the contractors;
and-in case the said moneys shall be insufficient to cover
the same, the cbntructom?i.nd and oblige themsslves and
their foresaids to make payment thereef to the Compan,
on demand; and as soon na convenient after the sai
determination of this contract the engineer shall ascertain
and, in case of dispute, with the aasistance of the arbiter
fix finally and conclusively as to all partiea the amount
eaniad byand. justly due to the contractors in reapect of
.work'done and-fstefials provided; and the valus of all
“materials, horses, engines; inachinery, vessels, boata, barges,
-huilding tools,implements, and all other plant whatsoever
“seized and . telten and in possession of the Company, and
the amount’ and value of other claims, if any, of the con-
‘ﬁiﬂé’rz‘ﬁn@ithe Company, of all which claims the con-
tractors give notice in writing within 2] days after
the said determination of tho said contract, and the en-
"gineer shall credit the contractors in their accounts with
5:: Company with . such amounts, and the engineer shall
-ascertain the sums paid or sdvanced to the contractora by
.the Company, and the amount or value of all loss, costs,
_damages, and’cluims. of the Company against the con-
‘trnctors;  whether-hy resson of the determination of this
-cobtraet, or.the’scts neglects or.defoults of the contractors
‘in’réference to- this contract or otherwise howsoever, and
.aball'make such aliowances and disallowances on both sides
of such-acobunt-as -he the engineer, or in case of dispute
-as he the smid orbiter, shall think reasonable, and he ahall
~finally nettle the-balanee of account due to or from the
“contractors; and it is hereby specinlly stipulated aod agreed
‘thiat-the Company shall- have o licn upon all materials as
well- a3 upon‘all: borses, engines, machinery, veasels, boats,
_barges, building -tools, implements, and other plant of
“every description-as shall for the time being be brought
or left-'on or nedr'to the site of the said worke hereby con-
tracted for as .a;security for the completion of the said
works and _otherwise 8s a securty for the due implement
and fulfiment” by. the: contractors and their foresaids of
‘their part of ‘this .contract, and all such materials, horses,
erigines, machinery; vesaels; boata, barges, huilding tools,
.implements, snd- other-plant . of. every deseription, sball
" from the time;of . their baing brought or left on or near the
~site of the-said-works, be held to be the property of, and
belong .to “the:Company, and ehall not, witbout their con-
“sent in writing, bé:reinioved or taken away therefrom except
“inlsubsgtitution” for-other materials and things of & similar
kind; which- shall -be cdnsidered by the contractors neces-
-sary:for the proper performance of the works, and they
- shall be entirely at the nsk of the contractora and their
. foresaids: Provided always that upon the whole of the
aaid works being completed ns aforesaid, and afier payment
of all sume due- by the contractors or their foresaids to the
- Company, inoluding penalties if any and others, the con-
tractors bind and. cblige themselves and their foresaids at
- "their own' expense; snd with the consent of the Company
- ux gforesaid, to-remove 5o much of the eaid materials sa
-~have:not ‘been ‘used upon the construction of the works,
and'also " to remove the said . piant, and declaring also that

‘all; sta ‘scaffolding -or other. obstruction to the nari-
:"g'qﬁpy:gfrth river -shall'be érected and removed by the
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eir. foresaids, -in - sccordance with the
ata: of the public or local. authorities

.reapect of ‘the.psvigation of -the snid river, and that at

. the-sole expense;of the contractors and ' their foressids, and
the contractors -bind and oblige themnselves and their fore-
saids at-their own expensa to provide all lights ; and light,
and weich all: the works: during the construction and until
the perfect completion -except as-aforesaid of the bridge,
and also to erect -lighta in such.positions as may by the

Commissioners of the ,Northérn - Lights or . the - Marine.
Department of the Board. of Trade be required for the .

. guidence and pro
-river. -And it g
“whale of. thé -vorks ¢
:‘ng&ulmll “be carnied ‘on by the contractors and their fore-
-saide in’ such 3'manner. a8 shall not ioterfere in any way
- with the ‘traflic’of 'that’ railway, and if the contractors or
:thefr -foreanids' shiall 'do" in the contrary, they shall be
responsible” for, and, free-and relieve the Company of sil
- clarms which .may:be ‘madé against them, and of all loss
_-and damage whichmay be incturred thereby. Further the
contiaotors hereby-bind ‘and -oblige themseives and their
foresaids to provide at 'their cwn-oost suiteble policamen
: r guch mpy be :_cird_md;l;y.th,e engineer, or by any
oneormmmmm tratey thedzlh-nu'in;k,lﬂthn(}am-
pany or magisirete -or megistrates may think. necessary for
the due preservation of -the peace or protection of the pro-

.expiry of every m
.workx {0 psy to the gontmotors, or their foresaids, the
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perty of thq.contraoiqrs,.or Mhat of the adisining pwnere;:
and the cﬁqmg ‘hereby furthar bind and nﬂ'&sﬂ. s
wl;-zs mdmtheir Jforesaida J:_r‘h@l' own ex) nae £ provide
and pa -compensation -for any land they mny require
for temjy:;any purpoges, other thni thy land alresdy taken
up for such purposes by the Company, and to make good al}
to roads, whother public or private, or t0 the lands of .
private individuals avising from carting of materials, or from
any other causo contingent upon the execution of the works,
and to he rasponajbla for and free and relieve the Company
of all ¢laims whioh may he made agsinst the Company,
and of all lnss and e which may ba incurred thereby:
And it is horehy expresaly provided and declared thet the
caro of the entive works of the bridge shall remsin with
the contractors and their foresaids until their completion,
except aa aforegnid, and the contraclors and their foresaids
shall be hald responsible for all accidents thersto mp to the
time of euch campletion and for all defecta thersin, and
shall be bound e Siey hereby bind and oblige themsclves
and their foresaids, at their own expense to make good al].
damage to, and defects in, the said works, whether ariging.
from bad or ingufficient materials, bad workmnnahig, BLoI-
dents, or carelessnese of the workmen employed. But the
contractors ehall mot he responsihle for any injuries to
the works arising from the act of God, or of the Queen’s
enemies; snd declaring that no certificate or approval
any offfieer of the Company, except the engineer aforesaid,
of any works supposed to have been properly doos, shall
affect the right of the Com ngainst the contractors
and their foresaids, or be considered .or held as at all
conclusive a8 to the sufficiency of any works or materiala.
And the contraciors hereby bind and ohlige themselves
and their foresaids, that from the commenecement and.
during the progress of the work herehy contracted for,
they at all times be present on the works, or, in their
absence, they shall provide s competent representative,
fully authorised to aet in their hehalf in all matters relating
to this contract; and all instructione and notices given to
such repressntativea shell be deemed to he given to
the contractore and their foresaids. And the contractars
bind and oblige themaelves and their foresaide not to
assign or sublet, except with the consent of the Company,
ovidenced by the written authority and coneent of their
engineer, the contract herehy entered into, or any part
thereof. And, further, it ia hereby contracted. and agreed.
that the contrsctors and their foresaids shall-give every
reasonshle facility to the party or parties who ehall con-
tract for the construction of the railway or railways which
shall adjoin the said bridge on hoth sides of the river as
may be ne to coable the said pariy ar parties to
execute and mamtain the same as Ermd under hig or
their oontract or contracts, such accommedatioa being
regulated and directed by the engineer, and no ingon- -
venience, or nlleged interruption arising therefrom, shall
form any ground for claims of damages by the contrectors
ngnimt the Company, or extension of the tume for finisbin
the wark conteined in this contract, unless the same Bhafl
occur for an unressonsable period, which, in case of dispute

* between the oontractors snd the said engineer, shall be

decided by the said arbiter. For which couses and on the
other part the Company bind and’ oblige themselves to
make payment to the contractors and their foresuids for
and in res of the works of the said hridge horehy
contracted for and actually execnted hy them aocordiog to
tbe onid schedule of prices hereunto annexad, so for as the
same are applicable thereto, and when the same. are not
applicable thereto, according to the valuation and assess-

" ment of the engineer or the arhiter herein-after sppointed,

which p:hymant ehall bI; n‘:iade (xin :Enh:a fol]qwling, that is.
to say, the Company bind and ohlige themselves at the
y ami-fberthewmmenoementof the said

valus of the actual quantity of the works which have besn.

" execited in the preceding month, as the asid quantit
‘ghall he ascertained by pet messurements to be La.de d{

ye?uht ascertaimed by the engineer, such value to be taken
in all onses without any allowsnoce for circular or face wark,
notwithstanding aoy general or local dustom.éa the vom--
trary, and of all sums charged oz claimed by the contractode;
or their foresaids, and oertifisd by the engineer as correct .
ea aforesaid, and that all in manner following, viz., » eam
equal to 90 E\' cent, of the said velue s such valusamd
emount shall be eftimiated, and vaiued, snd fixed bythe oar
tificate of the i who, in ettimsting -the valos.and -
smount of the said work ehiall take the prives set fazth in-the
Mmdwwmhum“qwﬁm;
ond when such prioes are. not applicable in“fusnrer
sfaressid, and -after: the -spms -fobtinod »bjuthn/%
shall amount do10,000/. as foressid, the: Conmpeny:éhall
o the expirstion of seck month pry-4o the contiotory the
full amountof the-vatue of She' work-‘donb &y thed’ month
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alusd idd- fixdd ad eforeshid: Pt “Jooliring that the
HicsFarenreatyuf works upon whith the sid inmtalments
%0 #track shall not bo patent to the contractars or their
“Foresaide, nor founded -‘L&:::'b‘rthem In any way whatever,
the said messurements being teken for the sati on and
informstion -of the engineer, ‘and when the whole work
‘hereby contracted for, including extra or additional work,
shﬂl-ﬂave-b’un completely finished to the reasonable eatis-
faction™of . tha! engineer or arbiter, and after be shall have
“vonde' afinal atatement of the price due to the contractors
for the whole.worka ns complsted, estimated, valued, and
~fixed in Tisnner aforesaid, and granted a certificate to that
effoct, sach certificate not to be withheld except on stated
velid and ‘subbtantial grounds, the Company bind and
oblige themselves to pay to ‘the comiractors or their fore-
.wsidathe baltnee  brought out in their favour in the said
fiml- statement, and extras, if any, which shall be due to
‘them.” -And;all the parties bind snd oblige themselves and
.their foresnids' to fulfil this contract to each other in the
whole heada, articlss, and clavses thereof, and of the apeci-
flcation sppended "hereto. And they hereby submit and
_veferto the: final sentence and decree arhitral of Thomss
Elliot-Harrison, Civil Engineer, London, whom failing, Sir
John Hawkshaw, Civil Engineer, London, who shall not be
disqualified by their or sither of them being or beooming
& shareholder or-sharcholders m the said Compani, or by
‘their soeepting of sny office or situstion under the said
‘Company, from acting 8s arbiters, under this submission
in"elt disputes or differences which may arise betwsen the
" several parties hereto, regarding the true intent and mean-
‘Jug of any.of the provisions herein-before written, or of the
--gpeéificAtiond hereto annexed, or a8 to-the mode of carrying
-on the works, or the nature of the materials used therefor,
-or: the_claima. competent to the Company sgainst the
- sontractors, or. the claima for extra or unspecified works,
-or -otherwise, competont to the contractors inst the
_Company, and generally all. disputes and differences,
claima, and- accountings, by either party, in any way
"arising out-of the execution of or faslure to execute the
works Herehy .contracted for, whether herein-before sub-
mitted-or not, and whatever the said arhiters shall direct
or decide By any decres, interim or final, l]:iu-um:x|.|.ru:ed by
‘thom, the~aaid .parties respectively bind and oblige them-
“selves - and thieir foresaids to execute and abide { De-
‘claring that- thia submission shell not fall hy the lapse of
year and.day ot by the death of any of the parties hereto,
" and thet-tho; said arbiter phall bave fyull power to Award
“the expenacs-(inchiding the expenses and fees of himself
cand . higiclerk respectively) which may he inenrred in all
-‘srbitrations bétween the parties, either in whole or in part,
_ngainst” eugh of thern as he shsll think fit. And 1t is
hereby provided that in all eases in which any notice is to
- be.given'to the contractors under this contract it shall he
cient if sach notice be signed Bl:{ the engineer or secre-
tary.of the Company, and addreased and given personally
‘to ‘the contractors, or left at their dwellimg-house or Elace
of - business or; I;n kll:;own dwd]igg Place or pl:iceb%f usi-
_ness, or gent;to them by registered letter, posted from one
of the-post-offices in %d.inburgh. addressed as aforesaid,
.and.guch -notios- shall be held and considered to be auffi-
-tient nétics. “Declaring -that the affidavit of and entyy in
‘writiiig;! in- this’ onj]ipnr[ book kopt by him for emtering
. postaged or deliveries, of the person who may have left the
~‘said ;notice, or who .may have put the same into the-
.offlce, ‘sball: be-heid "to be legal evidenco that the said
.notices have been properly eerved upon the said contractors,
‘any law:or pikctice to-the -gontrary notwithetanding, And
"fuﬁhei-,"it?_x_t-.in'.hmby’ declared that the word * contrac-
tore,” or ‘“oontractor,” ueed throughout the said ifi-
cation -and .thesa ts, shall mean, and it is hereby
doalered to thean, the mid Hepking, Gitkes, snd Company,
“Limited ; snd-the words ¥ Company,” or * Railwny Com.
peny,” ‘the North British' Railway Company; and the
wmgn‘ " engineer,” or -‘_'.CpuExs: s engineer,” Thomas
Bouch, Eeq., Civil. Engineer, h, the preeent engi-
neer dF ‘the y, o the engineer of the Company for
o beitig.. And it is hershy also expressly agreed
mmuﬁu kereto, and the ohig'ati'on
- _ sny shdlobe pgmsidered in all respects to
‘ineladait,: that in the event of the said Comp , after the
-signing. of this contract, rio gimﬁ-to thio said contractors,
ar thatr foresaids; possession of the land ‘end approaches
which they.aré anpotered either permanéntly or tamporarily
10 moquiiré; whan unto from time o fime vequired by
the @id: contractors within 14 daya after gnf such pequest,
or a0 “of, . or
ting the said contractors or their foreaaids ‘from

the: Hima bei
-between and by the
‘of -the said {Company

iog any obstacles in the way of,. or otberwise

e prooveding with, ‘the warks reforréd. to in
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‘whale of the pariods for which the said contractors or their
foresaids aball be so delayed. Provided also, that it the
event of any strike of workmen in the district or in.any of
the tzades émployed in the construction of the said bridge
and approsohes, or any injury or deley arising to the works
in consequence of the act of God, or of the Qneen’s
enemies, the time within which the said works are hereby
agreed 1o be completed shall be extended for a period
equivalent to tbe time for which the said works shall be
delayed bf; such causes as aforesaid, and such extension of
time, in the event of difference, shall in all cases he régu-
lated and fixed by tho arbiter herein-before appointed.
And hoth parties consent to the registration  hereot, und:of
the said specification and achedule of prices, and: of the
said decrecs arbitral, intexim, or final for preservation:and
txecution. In witness whereof these presents, printed
upon this and the four preceding pages, are subscribed
by and sealed with the common seal of said Hopkins,
Gilkes, and Company, Limited (the signature of tbe said
firm being adhibited by Edger Gilkes, one of tha managing
partoers of that Company), at Middlesboro’-on-Tees, the
26th day of June, in year 1874, in presence of John Tate,
accountant to the said Company Limited, and Thomas
Bulfour, cderk to Adam Jobnetone, solicitor to the ‘said
North British Railway Company, and residing in Edin-
burgb. And are nlso scaled with the common seal of the
said North British Railwey Company, st London the 27th
day of the said month of June and year last above-men-
tioned, in presence of the said Adem Johnstone and the
aaid Thomas Balfour. And are also subscribed by George
Harrison, merehant, Edinbuegh, and William Muir, mep-
chant, Leith, two of the directors of the said North British
Railway Company at Edimburgh, the 6th day of July: in
the yoar last above-mentionsd, before theso witnessen James
Fergusson and Robert Jackson, Loth clerks jn the hend
office of the North British Railway Company, Edinburgh.
Declaring that this teeting elause is written by the said
Thomas Balfenr.
(Signed) Geo, Harnisox, Director.
WiLLiam Muir, Director.
(Seal of North British
Railway Company.}
{Signed} J. Frroussoxn, witness. :
R. Jacksox, witneas. S SRR
Sealed with the common or corporate seal of . .+
the North British Railway Compa g._n,nq I
delivered this 27th day of June 1874,'in
presence of
{$igned) Ap. JouxsToNs, Soliciter to the
North British Railway Company,
witness, .
Tuae. Barroun, Clerk to the anid
Adam Johnstone, witness.
(Signed) Horkinsg, GiLkzs, & Co.,
Lyurren.
Encar GiLkgs: L
{Seal of Hopking, Gilkes, & Co.,
" Limited) .o

Sealed with the common seal- of Hopkins,
Gilkes, & Co., Limited, and delivered thia
26th day of June 1874, in presence of

{Signed) Jouw Tavg, Accountant. -

THo. BALPFOUR, witness.
Clerk to the said Adam John-
stone.

Contracr for CoupLETrON of TAY BRIDGE.

ScuepuLe of Prices applicable to each deacriptitn of
Work in_the construction and completion of -the Tay
Bridge Work required to be performed in actordance
with the Specification and Contract.

. £ s d
Excnné:ion ioside caissons or
oylinders - - - per oubic 1 69
Dretga' surface of rock inside r yard 7
o 0. - - - sgp.yard 010 0O
Malleable iron in base of caia. per 9P 7
80N - - - - per ton - 25 00
Caat iron jn bell-mouth of do. P
and cylinders | - . - - 17 0 0
Cest iron in inside. tubes of
Bgﬁﬁ?“ﬂ;?‘%&?fhpﬂma ~ m 1B 10
Work 1d esissons and piers ubic yard 8.0
Concrete in foundationa - pergnb“‘ 1130



o
- A s d
Conerete in bags 1aid hy diver - per cubic yard 250
Cast iron in base of pier _
* columns - - - per ton -7 00
(Csat iron in eolumna - - » - 17 0 0
Msleablé iron-in - bracings and 4 R
" holta for  do. - - - 23 70
Melleable iron in ir?poslt bux
irders wn tup of columas
gré for.bed platea -, -2 70
Cast izon in-bed plates, bearing
. plates and rollers -~ - - - 17 00
.Malleable in’ roller frames,
.. countersunk- . bolts, and
" halding:down:bolts - - m - 28 7090
‘Mallgable ironiin girders, fitted
M e 2
*Malleable iron in girders, 1n
‘bracing of do. - - - -2 70
Timber in crots beams, way )
- beains, and plenking - per cubic foot 0 9
Caat-iron ‘standards of hand
_ railing . - 6o - perten - 17 00
Malleable iron bolts -for fixin
do. " . . - q » - 28 7 0
Malleable iron * gns pipes, 23
‘tneh - diaineter, including .
. fixing und joints | - - perlineal yan! 0 5 0
‘Ashler.in‘ét¥ing. course at lavel )
of high water. -~ - ° - percubicfoot 0 3 6
Rubble stones laid around cais-
‘sons - ‘. - - percubicyard 012 0

The shove is the Schedule of Prices reforred to in the
foreguirig Contract between the North British Railway
Company and Hopkins, Gitkea, & Co., Limited, dated the
26th-and 27th.days of June and 6th day of July 1874,

* (Signed) Tuomae Boucu, C.E.
Horxins, GiLkrs, & Co., Lisaren.
" Epocar GILKES.
. Geo, HarRisox.
“WiLLiam Muizg.

R Rdinburgh, 6th July 1874.
" As-wuthorised by the Joiat Committes of the Tay Bridge
underteking’ of ‘the” North British Railvay Company, |
Yicreby, on their-behalf, ssnction and approve of the fore-
going-Cortract, and of the whole provisions and arrange-
ments therein expressed or referred to.
(Signed) G. B. WiELAND,
Secretary to the Joint Cornmittee.

SpecipicatioN. of Works to be executed by Horxins,
GiLkes, & Co., dated 1st May 1874 (sent to the
Solicitor to tbe Board of Trade hy the Soliotor to the
"North - British Railway Company by letter, duted
11th February. 1880).

.-« Noatk 'Beirisu RarLwav,—Tay Baipce.
SPECIFICATION ‘OF. WoRx8 to be executed or completed
" in] the; conatruction of the proposed Bridge for carrying

-Railway.No:'2:aathorised by the North British Railway
- { I'ay:Bridgé:and Railways) Act, 1870, over the River or

‘Firth of ‘Tay. The hine of the proposed Bridge will be

‘the iame as abown on the Partiamentury Plan of the ssid
- Railway No. 2, commencing on the Fife hapnk of the Tay

near Long Craig Point, and terminating on the Forfar

side of the Tsy near Dundee, ut the Point known as

Magdalene or . Buckingham Point, the length being

3,440 yards-or thereabouts.

Description of Bridge.

The hridge is to be constructed for a single line of
reilway. :

The lotal- numbor -of spans will be 39, or a lemger or
greater number<ea the euyineer misy determiine,  Corm-
mencing at the Fife side, there are—Afrst 3 apans of 60 feet,
then“2 apans- of 81} feet, 22 spans of 120 feet, 14 spana of
N0 feet, 16 apans of 120 feet, 25 spans of 66 feet, 1 span
of 160 feet (on “the mskew), and g‘spana of 27 feet each.
The eight central 200 feet spans to have a clear height of
113 feet above the level of high.water, ordinary spring tidea.
'Tha spans ob either side of the said 200 feet apans will
graduslly decrease in height above high-water level ss th
approach the land ; the gradient descending from the nort
end of those spans to the north shore at the rate of 1 in
73:56; and from the south cnd & those spans to the 80
feet spens at the rate of 1 in *68—the B0 feet apans
heiag level, and the 60 feet spane riming therefrom ﬁa
gradient of 1 in 100,

TAY BRIDGE DISARTER:

The piera for the spans of G0, 80, aud 6 of the 120 foet
spans, to be of brickwork in cement; those for the re-
maining 120 and 200 fect spana to be of brickwork in the
]oweggmm and cast-iron columne in the upper. Those for
the 66 feot epans to consist of three cast-iron columpa.
sot in concrete within vast-iron cylinders, braced together
with malleable iron bracing. The sbutment on the Fife
side to be of stonewark. .

The superstructure to be of malleable iron girders and
timberwork. The whole of the main girders to- he on:the
Inttice principle, except those for the 160 fest span, which
are to be bow-atring, und those for the 2; feet spans, which
ere to be, plate, In the 200 feet and 160 feet spans, the
roadway will be between the mein girders, and these spans
heve plate-cross girders. In the whole of- the other spans
the roadway will be on the top of the main givders, and
the cross-bearers will be of timber; timher way bsams and
planking being laid the whole length of bridge.

Condract Drawings, &s.
‘The contract to whbich this specification refers will, with

. the exception of providing and laying the permansuot cails

snd chairs, conaist of all the works incidental to the perfoct
congtruction and completion of the bridgo being- executed
to the entire satiafaction of the engineer, and in accordsnce
with the drawings undermentioned, subject to any modifi-
cations {whether deductiona, additions, or variationa) that
the enginesr may deem neceasary during the carrying out
of the works. ft will also include the -finding and pro-
viding all material, permanent and temporary, as- weil as:
all labour, carriage of material, workmanship, machinery,
veasels, hoats, barges, &c. neoessary to completa the bridge
in the most workmanlike maoner. '

List of Drawings above referred to.

No. 3. Details of Caissona for 200 feet spans, 23 fest
dameter.

Caissons for 200 feet apans, ovsl.

Piera, Nos. 10 to 26, and 42 to 52, for
120 feet spana,

”» 3]' »”
”» 4&5- ”

» B - Piers, from Nos. 53 to 57, for do, .
,» 7. Elevation of Jower part of Pers for 200 ft-spana:
” il » upjper » "» !

» B " lower part of Piers, Nos. 16 to 26
and 42 to 52 inclusive, for LAY
fect apans,

» B v upper part of Piers for do.

n 2 . for remaining Piers of 120 feet
apans.

» 10, Detnils of fixed and moveable Bearings for 200

feet spana. ¢

» U, Detuils of fixed and moveahle Bearings for 120

feet gpans. .

,» 13, Detail of Pier at junction of 200 and 120 feet

SpADG,

» 14, Detils of Cast-iron Piers, Noa. 58 to 79 In-

clusive,

. 13, - Elevation of Cast-iron Piers, Nos. 58 to 79 in-

olusive.

» 16. Details for Main and Cross Girders, &c. for

200 and 120 feet spane. *
»18. ,,  of Girders for End Spans of 200 feet.
» 19, v " for 66 feet Spans,

handrail.

" - "

A general plan and elevation, in conformity with the
foregoing detailed crawings, t0 be furnished by the
engineer of the company.

e contractor to set out and keop the works correet in
avery parti according to these drawings, or any other
that may be supplied to him by the engincer from time to
time, and to be held responsible for the accuracy of the
work throughout the whole time occupied in constructing
snd complcting the bridge. All poles, stakes, sanistance,
bosts, &e. b for utting out, inapecting, aud
measuring the works shall be proerded by the contractar.

DazscrirTion or Wors,
All the piers for the 120 and 200 feet spans are to be
founded at the depth shown on Drawing No: 2, or.as
otherwise directed by the engineer. Cylindera or caissons,
of the description hesein-after described, to be snnk in the
bed of the river to the depth specified or reguired, for tha
purpase of foundiug theae ‘piers, and the material falling
within the bottom circurference of “these caissons to be
excavated s they are sunk down. o ’
The whol¢ of the surface of the rock within the battom

circumferents 'of thebell mouth of xich of

may be ‘founded om rotk mist be wem%}m;



APPENDIX.

& uniford . Isvel, 50 thit the calexonn - shall stand perfoctly
" vertion],wnd” algo. for. fi¥oviding ‘s level bed for the brick-
work or conrete. : ‘

Warere the caimson will not stand on yock the whols
interior of the bell mouth nmat bs cicared of all débris, and
the Sottomn of taisson must e level ‘before being conareted

_or built in. - _ T
. : Caissone.

 The’permatient caiseons or cylinders on which the brick-
<work-of the plers of the 200 and 120 feet afigits below low-
*..wattr level is ¢o e bullt, shall be sunk dowh’t the deptha

showo on the general Druwing No. 2, or 5 mich lesser or
greater’ depth:es the engineer shall direct. -Two caissona
will bo vequired . .for cach picr, and when sunk the topa of
them shall ‘he lavel with esch other, snd joined with an

-arch of brickwork near the low-water line.

_ 'Thé caisecns to ba of the form and dimensione shown an
Drawings Nos, 3, 4, 5, 6. These drawings represent
caiasons- of tha average depth required for the piers of the

. reapective lpm“m drawing of the caisson for the
. piera- of :tho:200 “faet span shows it to be sunk 17 foet
- below.the bed ‘of -the river, eud that for the caizsons of the
-120'feet wpsna at 16 fest. ~ The greatest depth of the piers
- for tha 200 feet’ spans below greubed of the river, a8 in-

.dicated by the borings, being 30 feet, and the least 10 feet ;
--snd for thie 120 feet spans the greatest depth is 3! feet, snd
the Joast 3 foet. . -

% ‘Tho'bell:miouthed portion at the bottom of each caisson

"_'rto=‘be;"fm‘-,ﬁi'o?clypf.“-mn|g&bld iron plstes, shaped and rolled
to ths figure .of ‘the dmwing. Its to be § in. diametar,
and 8 ip, cestres. Angle iron must be fitted and riveted
round the inside of ‘:’ge top edge of the base plate, and
have-holea bored therein § in. diameter and B in. centres,
for the purposs.of ‘bolting the lower flange of the conical
portion nf the caisson thereto when cast-iron cosical plates

.ayo used. The sizes of all the mallesble and cast iron in

the caimons are markad in the respective drawings.

- *. The:caissons for the piers of the 200 fest spans are to he
. entitely of malleabls iron, accarding to Drawing No. 8.

" “The-whole of .the jcints in both the malleable and cast-
% iron; portiond of -the "caissone, a6 well 2 the joining of the
. two, t0.be caréfiilly. fitted and bolted together, so that the
mf_bemidg‘pedemnter&ght The joints to be planed,
“-or left roughi:and made good with rope wheess or iron-rust,
"8 the contractor may.elect.

_ 'The oontractor ehiall provide for temporary use in sinking

.the caiszons, and -in building the piers up to the level of

highswater mark, additional oylinders, which shall extend
from the top of the permanant caissons to the level of high-
water mark st least; which temporary cylinders may be of
malleable or cast iron, as the contractor may prefer. Thase
oylinders.to-be o fixed to the caissons, and to be of such

. make, strength, and workmanship s shall ensure the per-

7 manent work; for the execution of which they are to be
provided; being carried cut in the moet perfect manner.
‘ Piers for 66 Feet Spans,

- "Each- pier for: the 66 feet spans to be formed of three

‘cast-iron -columns braced er,—4wo being bearing
- columns for the main girders, and one a strut column st

into cast-iron ¢ylindar according to Drawing Nos. 14 and

15, excepting piess, 58, 65, 69, 73, 77, and 80, which are
b e Bags of each lomgth of th d

e flangss o ength of casting for the piles an
columns to bo tarned , on the face, and to have e?;ht bolt
hl:ales L} in, (_iinuwt:-.ih::'t mnntd{! drillzc‘l, therein to or
through & gengs, 8o any two fSanges being applied to
each other &fﬁ:lt:h@]u wovld be frue and f:run’g the lengths
may be propérly fitted snd bolted her. The lengths
of ths caetings:for columms to be 1] foet, with making-up

- pieogs reggulated 4’ to length to suit the level of the pilea
“when sunk, and:the heiglit of the reapective piers. Snugs

‘ta -bo. cent .ok :the columns af the fanges, sa ghown for

:bolﬁnsxﬁpd.kurin%:.h;mdns thereto,

"~ “The topd of the bearing edlumns to havemoulding ay on

:drawing, and the-eeat for the girders planed. The girder
. seat on-making 'column to bo aquare to a verticdl line. The

. tops of the strit columns to be formed to suit the drcum-

“ference of, the vertical bearing columns fo which they are

to.bé bolted, and must be sccumtely fitted thersto, and

abut against. tks nrdérsido of the m ing. .

MANAAS -

The columne and bracing to have four coats of the best
oil psint of such colour ss the engineer roay determise.
The cost of{uint.ing to be included in the price per ton for
the ironwork.

All proper guards, guides, rings, bolts, watertight
fixingn, &e., requisite for the safe and expeditioun sinking
of the caissons and piles, to be provided. Proper staging
and appliances n.harl also be provided and erscted for
ginking the whole of the caissons and piles in their position,
snd the greatest care and akill shall bo exercised by the
contractor to ¢nsure that the sinking is exeouted truly
vertical, or in the case of the raking piles, at the proper
angle, and in the exact Jine and position shown in the
drawings.

All staging, scaffolding, or other obstruction to the
navigation of the river shall be erected and removed in
accordance with the necessary requirements of the river
authorities.

The contractor shall alzo provide all lights, and light
and watch sll the works during the construction -and until
the perfect completion of the brid,ie, and erect lighta in
such pouitions as may be requi y the Board of Trade
or the Commissioners of Northero Lighta for the guidance
and protection of the navigation of the river. o

Cast Iron. ST
The iron of which the castings for the cylinders, -pilés,:
and columns ars top bo made shall be melted in & cupola
furnace, and shall be of such mixturs of pig thst a bar:
cast therefrom, with & trangverse section 2 inches by
1 inch, and placed edgeways on bearings 3 feet apart, will
not break with a less weight on the centre than 3,000 ibs. ;
and bars of the above dimensions ahall, from time to time,
on the demand of the enginear, be cast and tested, st the
sole expense of the contractor, in the manner before men-
tioned. The whole of the castings shall be of the samn
mixture of metel, to be clean and smooth in the ekin, and
free from sll defects, and perfoctly true to the dimension
and figure of the drawings.

Brickwark,

The whole of the brickwurk, i.e., from the foundations
to the underside of the imposts or. base of pier column,
shall he of the very best deecription, both in respect of
wateria) and workmanship, and set in the best Portland
cement. . .

The bricks used throughout in building the piers to be .-
hard burnt, well shapen, and of a good average sise, each
brick to contain sbout 140 cubio inches, Whers the piers -
become from 10 to 6 feet in dismeter, the heading and
stretehing bricke must be made to radiste 1n the joints,
and be moulded to form & portion of the circle on the foce
to suit the circumference ofp&e piers.

Al bricks immediately before being used must be
thoroughly saturated with water, aud all dust or dirt
removed from their surface.

All bats t upon the work to bs at onoe rejected.

Thebrickwork to he built outside the temporary cylinders
up to bigh-water mark shall be perfectly plamb. . . - -

The whole of the brickwork required for the bridge. akiall -
be laid or set in coment when the cement is _in;Tn’,jaj 1 atate; . .
and the beds and joints to be thoroughly filled, and .éach
sourss to ha grouted with cement. e thickness-of “the_--
cement in theﬁ)da shall not exceed $ of an inch.

In the construction of the piezs it shall be in the option
of the engineer to substitute oconcrets for brickwork: to
such extent as he may direct; and such concrete, if a0
used, shall be oompooe«f of one part of Portland cement of
the best quality, one part of sand, and three parts of gmvel
or broken stone.

Cement. ‘

The whole of the cement for thie work, and herein-before
referred to, shall be Portland cement of the best quality,.
well burnt, and ground extremely fine, and weighing not
less than 112 pounda to the imperial (sixiked) bushel. I -
is to be brought an to the works in a state fit for uss, and
not used therein nndil it has been tested by teking smraples
out of at least erery tenth (two bushel) sack, Thess
samplea to be in moulds and placing the cement at
once in water, in which it is to remain for seven cleay.days,.
and testing it ot the end of that t\im:hl.:{lthe application o
s weight or Jever. All coment that not bear » teusils
strain of 250 Ihs. to the aquaro inch of assction ahall be
paegptorﬂy rejeotad, and forthwith removed from the .

The cemnent ahall be used fresh made, ja such amsll
quantities s may be from time to tim Tmctmd to be
well mixed with. sand in the " of oms of coment
to one of sand; nowatsr shall be sdded after it has once.
been mixed, sad no cement to bo used or mixed np with
any other cament after it haa once hegun to set. It must
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ll::dbecnmfn}.lypmerved from moistore until actually
u

The sand to be used  in mixing with the cement to bo
-very- clesn :and - sharp, entirely froe from ailt and Mhli
substances, . :The weter used in miring the corcent an
mdahnllboolmmtwmr

Stonework,

The stone required for tho string-course of the piers of the
200 feet spans st the Jevel of high water, and the impost
for hases of pier colurans of all the brick piers, to be of the
beat nnd_strongest description,

The beit of stonework for the piers of 200 feet s aad
shown on drawings at high-water level, to extond the foll
dmmate.rof each cohmmu. Each stone to have as large a

cial content ss poesible, and the joints made to
ru and Gt close the full distance of each bed. These
atones fo be-in thickness not leas than 2 feet 6 inches, and
chiael-dressad on all beds and joints, and moulded on the
face to plan, The stone connecting the columna at this
level to be of the same thickness and workmanahip as the
boh snd-to extend into each column not less than 2 foet.

Malleable Iron GHrders.

The main girders for the whole of the apans to be con-
structed on tbe lattice principle, except those for the 160
feet span, which are to be bow , and the 27 feet apans,
which are to.be.plate. Those-for the 200 feet npana to be
placed 14 feet.9 inches a'rrt, and for the 160 fect span
l? “foet 6 inches apart on the square, centre to centre, with

of plate bolted to the bottom members,

Those or the spans of 120, 80, 66, 60, and 27 foet to be

?ul:wdemnput,eentmtoomm. The croas bearers

ou"pmswbeofhmbu-mdphoedmthetop
mermbers

the girders
" Thie girdera for the 200 and 120 feet spans to be erested
‘in Eets of continucus girders of four spans esoh, with the
excoptions -shown: on goneral elevation Duw:ng No. 2.
The exoeptlons being where two girdera are shown to be
oontinuous-in place of four.

“Eagh set of . contionous girders, of 4 spsna each, shall be
fixed.to thieir centre pier, and have moveabls gs - on
the other pitrs, - ‘It is to be observed that the dimensions
of -thé ﬁrst sid fourth differ from the second and’ third
girders in each eet as shown. Between each of these

girders there is to he o space of 3 inches—at the lower
member 8 3-inch cast-iron plate s to be inserted betwoen
the ends of the girders and fixed with bolts as shown—
the top members of these girders to be connected with
malesble iron plates; but before riveting these, the
farther.énd of each girder is to be Lified up a height to be
afterwards decided upon, in order to bring the continnity
into ction. Fixed bearings to be placed on the piers
hetween the 200 and 120 feet spans, between the 120 and
66 foet-spaus,.and -hetween the 120 and 80 feet s and
tWwo girders. of ‘each adjscent span to be fixed thereto as
shown. The girders for the GG and 27 feet spans to be
erected in sets of continoous ers of three spans_each,
having fixred bé s on bot plera for oentre girder of
uc.huet and moveable hearizgs on the other piers.

" The cross- girders for tbe 200 and 160 feet spans to be
plate girders and-fixed to the bottom member.

The whole of the girders to be made in aocordance with
the respective. drawings, the sbape and dimensions to be
wefull worked to, and the various parte well snd socu-

gﬂed The material apd workmanship
mlm: be of the ducnptlon

The wmught-lron Iates, bars, angle and T irons used
‘n the construction of the glrdera for this bridge must ‘be
of such mike and. ua.h a.s shall be_specially approved by
‘the engineer; and irength that one square inch:of

X S as the enginesr may select from .,
nmetohmemmtbetom ‘saunder:in the preseuce of hims
gelf or his’ depity;-and if any:break under & lsas’ tenaile "
strpin than 21 tons_per squere ‘inch, sa before manhnned
none of the:plates; bars, &e. mpphed by-the same :mn
ea:llggm beallowedwbeuaedlnthuegtrdm

girdér work must be of the hest descri and

mol;eolthenmmofmmneworkthmthuumﬂ;‘:;'pﬁed
to ndgu

The rivet-boles in the whole of the plates, bars, sngle
irons, &c. must'be punched quite trus and fair, and whea
theputaoftheglr;;utoba riveted together are fitted in
position,. the rivet holea must be perfectly true and fair
with each dther.. Allthemautobemldeome
iron or such'-other as shall be approved by the
'I'henvehngmust ba execuled in the most
mhnanhkemmuer,meban takan tl:.ntthennh
exvartty fill the Koles, 'I‘hnhendso tbe rivets to he finished
oﬂmﬁwlmwyle.

ke e shall bo- apecislly

Efnqrtagcmﬂeutmnof | tona with- -

All--balta hba‘m&do «of {Lowmage iron,ar:auch athar.
med by the snginesy, aud
hbenutl finished, b and nut,ud oot . m
»{mahdnoughthanntu i-obe
mdmﬂdmdmsdotoﬁlltho
All the mworktobopuntodfm oonhofﬂu.butna
paint, of such colour as the engineer may dstarmma. The

cost of painting to be mc]nded in the prios per.tom for
irenwork.

Bed Plates and Ezpansion Rollers,
[?;l:ua,uptmn rollers to be mede in acoaprd-
wings Nos, 11, 12, 13, and to be of cast iron
oft.he hest guality. The rollers to have frames of malle-
able iron. %he bed plates of the fixed bearh:[n to be boleed
to the impoet as shown.

Timber.

The timber to be used in the oross-hearers, way-beams,-
and lanking to be of the best crown Memsl or red :ne.'_'
y jack-planed and dressed to- the dimensions of the-

Thogmsa-beamn, 12 inchea' by ﬂmdm to- be’ bolted to".
the top member of the girders mth # inch holts, i

The wey-beams, 14 inches by 14 inches, to be bolted 10
the cross-girdere by # inch bolts. The way-bsams, 14
lt:ﬁhu by 7 ioehes, to be bolted to the ercos-beanm by 4 inéh

o

The plenking t0 be 12 inches by 3 inches, and spiked
to the oross-beams by spikes 7 inches long and #. inch
square at the head, and pointed. In the case of cross-
E:rdas,thophnhngeo beﬁxed to the top fange by } inch
Its hamng doghends s

Hand-railing.

The hand-ralling to be according to dmwing, To ba
3 foet 6 inches belgh having cast-iron standards .
6 feet apart, formed of four fenthm }inch in ﬂncgcnm
having heads made to receive gas-pipe for hand-rail. The

tobaﬂ inches outside dinmeter, and joinings -to
g:b gua-tight. Theatu.ndudatobebolmdﬁothe
t.lmber-wurk mth % inch bolte.

"General Conditions, &c.

1. The contractor shall complete the whole of the works
harein specified, and such sdditional works ss the engineer
may direct to be exceuted, so ss to render the bridge com-
plete in every yespect, except the laying of the permanent
reils. and chairs, within two years from the 1lth day of
November 1874.

The contractor ehall be hound to give to the contractor
for the maileay in continuation of the bridge at either end,
free Bocoss and every reasonable fecility to such portion: of:
the bridge and ground as may be neeesanry to ensbls. the'.
latter to execute the work embraced in his’ contract, such’,
sccess and accommodation being regulated;and;i lmded- by
the engineer; and no inconveaisnce. or: -alleged .inconve-:
nicnoa arising ﬁeﬂ.ﬁmm shall form &ny und-for clmm
of damages by the contractor against the Company, ’

The worllt.;ya.ud the mode :?E‘::ﬁuhon, lltlrln dm}:ed a‘;.
le in the smlﬁuhon ar work, and -
thne:ﬁarms and dimenaions described 1n the acoompanying
drawings, which are referred to in this agocxﬁcl.hon but
should any discrepencies exist botween the measurement
by the scale attached and the written dimensiops, the Intter
are to be taken ss correct. Anything contained in the
dn::nhgu or specification shall be considered as contained
i bot

And wherever neither the drawings nor ihe specification
contain nny notme of minor parts, the inteation o inclade
wlueh artholess. clearly to e ‘inferred, antl which .

mﬂ Yor the completion sd stability of the
ditipral things are to be done and
11 ‘the contrector, and are arsumed to be incloded i
the r:ees at which he contracts for the work,
e oontractor will bo bound stzictly to comply with the
;rwmons of the Act of Parliament ubhuwd in seemion 1870,
lor mpking the bridge and m'hn in compexign thero-

ith, and to ngnmd“he‘eom
poenr d oy G TR SR
ot 1
D e comrarg. 7 om0 fax 231 fundes o, the
Wh the ‘words * the ay™ ate usdd, {heae
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APPENDIX.

¢ Fie nontoactit shall, ot his owm, -chet, provide suitable
- police whenever it mag be.-ordered by tbungchr,or
by svy-one-vr-mnre -0f the inagistrates ‘of the district, as
the any ur magisiretes or magistrate may think neces-
sary for the due preservation of the peace or protection of
tbe property of the comtractor, or that of the ndjoining
.. .. The contractor to provide, and pay all compensation for
-‘any-lind-hs.inay require for tem(fomrﬂ p other
. than the ‘land siready provided, and shsll make good all
damage to roads, whether public or private, or to the lands
of private individusls, arising from carting of materials, or
‘from sny other cause contingent upon the execution of the
works,

The care of the entire warks of the bridge shall remain
with tha contractor until their completion, and he shall be
-held responsible for all accidents thereto, and shall make

. good. all demage and defects to the asid work, whether
arising from bad or inaufflcient materials, had workman-
- ship, or-any-other similar c?lge gohntevar.( No c:r;;]lﬁmte
. .-or_ppproval by sny officer of the Company (except the en-
" '.ﬂ?;é]gii)%{m;vio{ks uu&posed to have been properly done

“affect the righit of the Company against the contyactor,
conclusive ag to the

or bevoongidered or held as at
sefficiency of any works or materials.
*  The'countractor ahall from time to time make any altera-
. tion in the works which the engineer may think necessary,
whether by additions or deductions or deviations, or the
omission of any works herein contracted for, or any part of
“them, or for new or extra works, and such alterations
or additions chall not vacate this contract; the value of
buch altemtions or additions shall be ascertained by ad-
measurement, and shall be added or deducted, as the case
may bé, 8t the prices aet forth in the schedule of prices at
which the contractor undertskes the construction of the
works, The contractor shall ot in any case be consmidered
a8 having any claim npon the Gomkpmy for extra or addi-
- tional payments for or on account of any such works, unless
"ha caniproduce the suthority of the Company®s printipal
emgineer for such alterations or additions. e contractor
. .ahall not sab-let the whole or any part of the work herein
_contracted for without the previous smanction of the engineer
in writing.. )
- The epginecr will provide from time to time the dotail
and other drawings of the various worka.
The whole of the works are to be paid for s¢cording to
. the actuil quantity executed, at the price o ite each
deacription of work in tbe maid achedule. Net measure-
ments to be taken in all cases, without any allowsnes for
arcular or face work, notwithstanding any geaeral or loeal
" caetom to the contrary.
The contractor ghall, at all times, be present an the works ;
.or in hiy'absence he shall provide s com t representa-
-tiyefully suthorised to sot in his behalfin all matiers relating
- to this contract.
* .'The contractor shell; at all times, by day or night, pro-
vide and " use’ at "his own oost, all overlockers, labour and
materials, of every desaription whatever, that may be re-

quired for ing with and completing the worka in a

woikmnn]ig.‘:x:::ner ; and shall proceed in at the rate

of progress thet may be from time to time required by the
OET

t ia to be understood thav though certain deacriptions

and stipulatione are repested or implied in different party-

of this specification, and in the contract to be entered into
for the mm'cnz of the same, it shall not be thence inferred
that the rémeining direttions, descriptions, or amplifications
.are in anywise iny: .

"The - contiactor -shall, at intervals of every month,
.$urnish - tp:.t_bil:']n"ineer a statement and eccount of all
-work done-by hi ing that period ; end of all amounts
Z,cl_awg'ad,i‘)rfgiimed by him for additions, extras, damages,
i o i bt o

‘DA 1NV ! y Al € XA
aocopding .10 the ‘estimate prices, so far a» ths same in
&pliqable .thereto, and whera not applicable according to

: . snd. ‘assapsrnent ‘of the said enginesr; and

& amonnt of such ssocunt, after being oertified in
writing by the enginesr, shall be piid to ths contemctor
aftar educﬁnﬁl::ll)lpe:;emt. Off the amount until the sums
s deducted shall amount fo the wum of 10,000, after
which the whale sum oerified shall bn£ﬁﬂj and the
amount so retained shall remain in the hands of the Com-
;»Dghll tha completion of the works, when ths whole of
waoh drgwbeck shall be paid.to.the contrastor upon ‘the

fon ofﬂweﬁginm the coritractor haa performed
thia - aehifrett, snd all his obligations arising therefrom

el e o T
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oontract, or for sny claims arising out of, or in woy way
incident thereto, or to the works, except the ssme be certi-
fled in writing by the engineer as aforessid, and in all
settlements of sccounts between the contractor and Com-

¥, it is hereby declared that no extra work, or altemation

m the work apecified, will be allowed by the Company
to the contractor, unless the same shall Lve proceeded
under the written anthority of the engineer, and whicl
suthority shall be produced at the time of the settlement
of accounts.

And should the enginser be at any time dissatisfied with
the nature or mode of procecding in, or the rate of progress
of the work, or any part thereof, he shall have full power
to procure and make use of all lahour and inaterial which
he may deem n , deducting the cost of such labour
snd material from the money thai may be due, or become
due to the contraotor. But it is hereby axpressly declared
that the possession of thia power by the engineer eball not,
in any degree, relieve the contractor of his obligations to
proceed in the execution of and to complete the works
with the required expedition. ]

In case the contractor ahall not continue to executeani
advance the progress of the works, or eny,part thersof, to -
the satisfaction of the engineer or .hia:deputy, or if “hefor:
completion of his contract, the contractor ehall : becomr -
bankrupt or insolvent, or compound or propose:to com-.
pound with his creditors, or carry on business under
inspectors appointed on bebalf of creditors, then, and in
any of these ceses, tho Company may, if they think fit,
determine thie contract, 5o far as reapects the future per-
formance thereof, by or under direction of said contractor,
and forthwith give notice to the asid contractor, of such
determination, and immedistely on such notice all penalties
and sumas for non-fulfilment of contrect shall be forfeited
to the said Company, and all materials, horses,-engines,
machinery, v , boats, buildingm, tools, implements, and -

lant provided by the contractor shall also ip such.case .
Ewome the pro of and may be ecised and taken hy

the Company. And ag soon es convenient after the deter-

mination of the said contract as aforessid, the engineer

shall aacertain and fix finally and conclusively as to all

parties the amount earned by and justly due to the con-

tractor in respect of work done and materials provided,

and the value of all msterials, horses, engines, machinery, -
vessels, boats, buildings, tools, implements, and-.plant,

seized and taken and in possession of the said Company,

and the amount snd value of other claime, if };noi;fp -the -
said contractor nﬁzli]nat the Company, of all whiah claims :
the contractor » give notice within six days of ‘the

determination of the said contratt, and such engineer ghall
credit the contractor in his accounts with the Company
with such amounts. And said engineer shall ascertain the -
sums paid or advanced to the contrastor by the Company,
and the amount and value of all logs, costs, damages, and
claime of the Company against the contractor, whether by
reason of the determination of the said contract, or the
scts, neglects, or defaults of the said contractor, in refer-
ence to this comtract or otherwise howsoover, and. shall
meke such allowances and disallownnces on both sides of
such accoant as he, the said engineer, thinks-reasonable;.
and he shell finally settle the balance of aceount due to
or from the said contractor, and such balance as zettler
shall be final and recoverablo hy the party entitled thereto

under this ent.

It is to be distinctly understood that the engineer may,
at all times, direct that there shall he made any deviations
from the line of the bridge as now staked out, additional
works, or any alterations in, additions to, or deducticns
from, any of the works herein described or referred to; all .
which shall be valued or estimated by the enginser;and.-
by him certified in mauner herein-before mentioned, and': .
paysble upon such certificate only, according: to the. prices” -
1o the said schedule; and that the Jneennsermd m the -
schedule shall be considered as including all laho .
materinls, and all contingent expenses connected with Ee
works, to which such prices npp‘l{.

It is also to be distinctly understood that the whols of
the works are in every particular to be executed to the
entire satisfaction of the engineer.

All matters snd questions as to the trua intent and
meaning of this specification, or as to what shall be con-
tidered carrying on the work in a proper, uniform, and
regular manner, or &3 to the expense of any extra or un-
specified work, or deduction from that epecified, or any

m&om which may be more or less’ expensive than the
Eorkgpmﬂed—nll or spy of whish may be ordered by..-
o

recfory or their engineer (and which they resarve
power'to dp), or és to what oonstitutes axtra or diminished
work, or as mmng maintenance of the works, or as
to any other oonmacted with this specifioation, or
contract to follow hereon—shall be decided by Thomnas
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Elliot Harrieon, Civil Engineer, {ondon ; whom failing,
Sir John Hawkshaw, Civil"Engineer, London; and the
dacision,” interim-.or final, of the eaid Thomss Elliot
Harrison, ‘whom. failing, the said Sir John Hawkshaw,
stiall-be'finally binding and conclusive on both parties.

Fdinburgh, May 1at, 1874.

TAY BRIDGE DIBASTER @

the North British Buhvi Company snd Hoepking, Gilkes,
snd Company, Limited, for the completion of the works
of the rallway bridge over the Tay at Dundee, dated the
26th and 27th days of June and G6th day of July 1674,
{Signed) = Tuosas Boucs, C.E.
Hopkins, Gruxes, & Co., Liurrep.
Epoar Ginkea.

What is contained on this and the 1) preceding pagea Gxo. HarrisoN.
are the apecifications referred to- in the contract betwesn WiLLtan Muig,
No. 8.

ReporT of GENERAL HUTCHINBON upon his IN8PEUTION of the Tay Bripar.

Sin, ) Newcastle-on-Tyne, March 5th, 1878,

. .I-uavE the-honour to report, for the information of
the Board of Trade, that in compliance with the inatruo-
tions contained ip your Mioute of the 15th ultimo, I have
inapected’ the Tay Bridge, forming s portion of the Tay
Bridge' Railway of the North Britiah system.

The Tay Bridge Railway, in conjunetion with the Firth
Bridge Railway, for which an Act of Farlisment has been
ohtiined, will shorten the existing route hetween Edin-
burgh and Dundee (vid Stirling} by 28 miles; and hy
means-of these ¢two railways and a new railway sbout to be
éonstructed - between Arbroath and Montrose the J'ourney
between Edinburgh and Aberdeen will be redueed hy 23
miles, .

In eonmsequence” of the. nitude of thia bri of
which T.il?._i?uch}-‘&q, M.It.!(l;.%.. is the enginenr,dg%wu
conpidered " desirable to bave it inspected before the lines
north- and south :of it were ready for traffic. 'The inapeo-
tion. of the bridge aoccordingly took place on the 25th,
26th;. snd.. 27th ultimo, the weather, fortunately, being
favourable,

- The. Tay ‘Bridge. carries 8 single line of rails, is 3,450
yards:in length, and consists of spana of the following
descriptions : —

I“lz"ulin'm of 22;; feet each, lattice givders.

M ”

1- ,, 166 »  bowstring girders.
1 s 162°8 ,,  Iattice girders.

13 M 145 " ”

10 s 120°26 »

]l ”» lm ” »
z ., 8 » ”

“H ., 67°5 ., »

i &7 ”» "

- l » 66. 7 »” anr
6 . 1 m.g n L1

. 85
In addition to which thers are adjoining the north end
of the bﬁdﬁe :
-1 span of 100 feet howstring girders.
3 ” 2 ., le irders,

In the 15 spons exceeding 145 feet and with the 100 feet
bomtri.ng"gi.rdén wrought-iron cross girders have been
employed ; for the other spans croas girders of timber.

n the l.'i;l?ma of 227 feet and upwerds, and in the
bowstring:girdér spane, the roadwuay is carried on the bot-
tom.tcoma of the girders ; in the other spans on the tops
of thie’ girders.”

- The girdera are arranged in continuous groups, generally
of foux; five, or'aix each, with proper provision for expan-
sion.

__They_m_au[:ﬁortad on piers of varied construction, the
foitndation in all cases betng formed of iron cylinders lined
e'w;;h hfickvork and concrete; counting from the sonth

Piars 1 to 14 are entirely of brick in cement.

-Piers 15 to 48 are brick for 5 feet sbove high-water
mark, finished with a atone belting, upon which are
carriad groups of east-iron eolumns braced together.

Piers 49 to 77 consist of gronpe of cast-iron columns
braced together, atarting from the cylinders and
encased. in brickwork to a height of 5 feet above
high-water mark.

Piers 78 8nd 79 are ceat-iron cylinders througbout,

. - filled with concrete.
: Piery 80,16:84 nre cast-iron columps.

.. Piera-85.to B9 of brick in cement.

., “The-greateat height from- the lovel of the rails to high-

water mark “springtides is-92 feet; this cocurs af the

oentre of thelarge spans, whenco towsrds the north aide

there is d shatply falling: gradient of 1 in 74, with & gentler

full towazds the south end ; at each end of the bridge thero

are curves of 20 chains radius,

The permanent way conuista of double-headed rails, fished
at the joints, in 24.-feet langths, weighing 75 lba. to the
yard, secured by oak keys in cast-ron cheirs weighing
80 lbs. each, fixed at 3 feet average intervals to longi-
tudinal timhers 17 inches wido, and varying in- depth
between 7 and 14 inches. There are four- apikea:in:eich
chair, Throughout the length of the hridge each ‘il is
provided with a rail.

Between the longitudioals, the floor of the hndge con-
aints of 3-inch plavking covered with a walerproof com-
posifion.
bﬂﬁ;.ub’hnm handrail is carried along sach side of the
For the purpose of adequately tasting the structure, the
North British Company inoet{ at my disposal six new
goode engines, weighing 75 tons each, and each ménsiring
48} feet over all. The total weight employed heing thus-
438 tons, and the total length of engines 291 feet, or as
nwli as possible 1§ tone to the running foot. Under:this:

test the deflestions were wy follows :—~ ,
loch. Inch.

Of the 227 and 245 feet girders varied between 18 and 1°2
» 166 (how string) - 1-2 ,, 0-9

» 163 ” ” » 06 » 06

] 145 ” ”» » 10 » 0'6

] 129-26 ”» » ”» 06 . 06

» 129 » » I 0'9'";: . 0.6

» 87 » 2] (1] 0.5 ” 0. 6

,» 67'6and 67 and 66°7 " 03, 03

» %. » bl » 0-2 L1 0-2

» 100 (bowstring) ,, ” 06 , 06
29 02 . 02

These results are, in my opinion, 1o be looked upon
mtisfactory.

The lateral oscillation, sy obaerved by the theodolite with
the engines running over at speed, was very slight, and the
structure altogether showed great stiffness.

The dimensions of the various parts of the girders have.
bocn carefully warked oat, and-the iron has in no.case boen
eubmitted to & greater strain than 5 tons o-thé tnch,, . ;.

poo s caraeful examination - of the :brickwork - snd,
roasonry, they appear to be of & substantial- sharacter, and:
to be showing no signs of settlement. The ironwork-Hiss'
been weil pot together, both in the columns sad girders. -

The following are the only requirements that come under
o A vimsoms and ties fo h hould

1. ms and ties rEaervingt e£ugeno

be ided between t Hudin
2. The roof oovering of the floor reguirea repair in
several places

3. Some elack plsces in the rails require adjusting.

To reduce sa much as possibla the upqnsidﬁ_-ﬁ;the"
girders in bot weather, I should strongly recommend their
being painted white. o

It will not by desirable that trains:should’ run over.the
bridge at & high rate of speed, and I would snggeit -25
miles an hour a4 a limit which should not be ex .

A certifioste will have, of conree, to be given that the
single line ehall bie worked with the train staff and block

system.

Very careful attention will be required to sacartain from
time 10 time that no scouring sction i taking plaos in the
foundetions, partioularly in the case of thoss piers whioh
are subj to a srong carrent.

When aguin visiting the I ehould wish, if possible,
to heve an op of mving',the-m of _high

_wind when a train of carriages is running over the bridge..

Subject to the shove irements and remerks, I sea
2o resson why, a0 soon s ul%:gng railwsyy are com-
pleted and inspecied, the Board of Trade should object to tha
nailwey on the Tay Bridge being used for passenger traffic.

I heve, &
'!'hem A _C. 8. Ew_«;-nmuﬁ,n-n
Board of Trade. Yigs-Gneral, .-




" ARPENDIX.

. No. 10.
REPGET ‘of '.’A[‘B.'T.DBUHOND, Locomotive Foreman to the North British Railway Company,’}lpon

condition of Train afler accident.

ReporT ob Trin in Aocident to Tay Brinocg on the
28th Deosmber 1879,

Locomaotive Enginser’s Office,
My pEaz Six, Glasgow, April 15tb, 1880.
1 atc to inform you I have examined the whole of
- the Yerhaining partions of the train referred to, and find
‘them in he followng condition :— )
7224 Epgine.—Throttle valve full open, and revarsing
- ‘taver standing in the aixth o from full forward gear,
.or:in the third notch from cemire. The lover on motion
* ohidft (earrying the valve motion) connected to the rever-
- ping-lever.on the west or left side of engine is broken close
1o the shaft. Laft or weat side spring bearns of bogie are
"~ brokan -in centre. 10 feet of the foot plating is ulightlﬁ
displaced, end the end of the foot plate at smoke hox en
lifted ap 2 feet of its length. Buffer beam and angle iron
bioken close to the main framing, and the buffer carried
off. Sand-box underneath foot plate broken, and foot-
atép at foot plate bent, Westinghouse break on left or
west alde - complete. Cleading J) tes and hendrsil de-
stroyed, caused by slinging round the boiler for lifting tbe

'-%,ﬁdﬂ.——? feet of foot plating slightly damaged,
Vestinghouss pump bracket broken at bottom, and eir
_ break"gylinder cover for engine broken, footstep and
. handrail:lent, panel on foot plate broken at end at en
angle'of 2 feet fromh top corner. The east side of engine
'i6 much léss damaged than the west side. The injector
atéam-cock on east side and engine cab were pulled off bg
one of-the anchor hawsers, which hed got fastened roun
.the cah when the brig © Henry’’ was drifting down the
river with the engine slung. When the engine was lifted
.t first the whole of the steam-pips connexions on the
boiler, as well a5 the cab, were uninjured.
224 Tender.—Break screws full b:n{ ; eu:r sit‘i]r‘:hof ]t:fl:der
injured except two footateps en off, e or
: &Pgaide of _tcgder trailing t:‘:xple box slightly broken, and
the terrder 4ankt plats, mext the foot Klnt.e, cracked about
12 .inches .in langth, The Weatinghouse connexion to
“talin fn’ good order.’ Break .connecting rods on left side
broken.,
579 Four-wheeled Third-class Carriage.—Under framing
complete, except one pair of wheels mussing. Oue pair of

‘s
wheels with bent axle still in carrege. Tho body ¢f car-
risge is almost complete, with the expeption of thq roof,
which is off, and windows broken. Coupling links next
engine complete, exoopt coupling screw, which is aljghtly
bent. Westinghouse break work has received no dignege.
Coupling link next first-clans carringe broken. |

414 Six-wheeled Firat-clage Carringe, built by th¢. Bir-.

mingham Carriage Company in 1879.—Only centre $heels -
remaining with axle bent. Body partly remaining. Preak
gearing completely gone. Otherwise the under fri
uninjured.
Four-wbeeled Third-cless Carriage nt West Fgry.
Westingbouse break darmaged. Both wheels in ofymi
with, axles bent. Top and body gone. Footatep It
bent and broken. Counpling link next first-class c3
broken.
Four-wheeled Third: olass Carrisge, buils at Cowlsirs in
1878.—Part of top frame next engine and end stdndin
under frame uninjured. Two step hangers broked, an
threa bent on east side. Westinghouss hreak destrgyed—
break cylinder cover broken on end next breaky van.
Axles both bent. Omne axle box broken. The conmcti
break pipe next the hreak van ie off,
Second-class Carrisge built by the. Metropolitatf ;!
ri.n.ge Company.—Under frame next break vah s
buffer beam on weat side broken ; eaat side of ‘unde
upinjured. Step hangers beot sad broken.

fi on this carriage. One buffer socket broken- gn end
next engine on west side. No part of this carriagg-body
left on under frame. One pair of wheecls gone ajd onc
pair left with axle bent. .

146 Break Van.—No Westinghouse break fitted gh this
van. Hand break full off. Body all gone,jsxcopt the left
bottom part of guard's outlovk or “ deokit?’ on tHe west
eide of trame. @Jtep han on east siddhroken? One

remaining whole at second from rear end. “West fde of
break van nnder fmme bent. Broken ml}:beli_t:-‘ atite
hangers. Break gear slightly twisted. The. main’

ing the break blocin on the west side -is
Both axles bent.

Adam Johnstone, Enq, Soletor,
2, Great College Street, Westminster, '

No. 13. !

CORRESPONDENCE between SIr Thos. BoucH and the NoRTH BRITIsH RAILWAY COMPANY as ﬂo'.f.he

Mgintenance of the Tay Bridge,

 CoRRBEFONDENCE batween Mr. Josx WaLkzR and Stz
THoMAs Bouen.

. Dxan Bin, Tay Bridge, May 9th, 1878,

. I nave ths pléasure to inform you that the two iron
. workers who hnve-Lm engaged in the examination of the
‘irondalizmns will have completed their work to-day. The

“bolje #nd; biadings of the columns, also the rivets that .

. teqquired:looking to, &re now in & perfect state of security.
N _ 1 remain, &c. .
(Signed) H. A. NosLk,

R deu, Eeg. Inspector of Tay Bridge.

Dxar 81z, May 10th, 1878.
I aMnxx for your information copy of s letter I
have recaived from Mr. Noble, dated Sth instant, along

with his pay bill,
Yours, &e.
Thomas Bouch, Eag., (Signed) J. WaLKER.
111, Gearge Street.
“DEAR Sik, Jupe 21at, 1878,

._. - 'Now that the maintenanos of the Tay Bridge Rail-

-ways'hag been taken aver by Mr. Bell, I should feel obliged
“if you would send me for his information and guidance

ahowing tho

1. Plaus and sections of the Tay Bridge, showing
nes

depth of each pier, and also the extent of
1aig ‘down to protect tho eams,

2. Plan of 'Dundee Station, showing ﬁ sifhon of
driing,'pipes, &¢., and other underground worll'zo *
] . (si Yo:j.tru, &(}. W
igne . BR.
Thomns Bonch, Eaq., C.E., gred) a4
111, George Sireet.

The North British R;_uwghcoﬁp- jny, -
A

SR General Manager's. T
Deag 5in, Edinburgh, June 22nd, 1878.
RerzariNG to your letter of the 20th “ingthnt, I'-
have to-day se¢n Mr. Bouch, and arranged that thegmsin-
tenance and repair of the piers and foundations of the Tay
Bridge ehall remain in his hands for the next nine orfwelve
months, or at least uotil he shall give me notico he

wishes to bo relioved of the responsibility. Inspector
will therefore continue to nclio nndertythe ordera
Bouch s0 far as relatea to this work, and you mes
trouble yourself to communicate with him on.the subgect. . -
1 have also that the painting of the’bridgoi
to be completed under Mr. Bouch's. grde g
send me a plaa in the course of a day or two of the'
Station, showing the poaition of-the- drainé; piped; B
other t:mdergmnnd worts, which will be banded to ypu on’
receip :

Jas. Beli, Eaq.,
Engineer.

Yours, &ec

(Signed) = J. Warife.



3 ' .li
The North British Railway Company,,
General Manager's Office,
My pear Siz, Edinburgh, June 28nd, 1878.

) . | EnCLOBE. foayou‘r information copy letter X have
i torday sent to Mr. Bell, in terms of arreugement made at
. our nterview, and you will, of course, give the matter
your attention. L

‘Will you be good efiough to conaider, and let me know
before the 4th' July. proximo, the colour you would recom-
. mend the bridge should be painied P ’

Yours, &c.
Thes. Bouch, Eagq., (Signed) J. WaLkER,
111, George Street.

N St SRR .
~.'The*Nerth : British' Railway. Company,
e T General: Manager's Office,
ShpRAkS; - Y. -Edinburgh, July 5th, 1878,
{771 rrroRTED to the directors at their meeting yester-
{day the arrangenient’ embodied in my letter to Mr. of
~{the-22nd it o copy-of which waa trenamitted to you,
“1wherely, you are to undertake the supervision of the piers
"?apd-i_o,undnioha of the Tay Bridge, and continue Inapector
.{Noble’s services for another year, and I have the pleasure
(to inform you that the directors approved of this.
! ours, &c.
(Signed) J. WaLEER,

Thomsas Bouch, Bag., C.E.,
- M1, George Street..

.- . .. Chombems, I11, George Street,
~M¥ pEAR Sin,- - Edinhurgh, December 12th, 1878,
37 I spswer tovyour letter, I have mo written report
“ihis. month’ from Noble, bus-1 had him over here on other
business; and learned from him that everything about the
--bridge continues entisfactory, and 1 authorised him to give
Jdour’of his men mnotice to leave, as he thinks he will not
requife them 'sny more. He will, however, require one
"-more cargo of sboues, ng there is » slight indication of scour
3-ét_,;qne.o ' the piers, but he thinks this will be the last. I
-Bm, - myself, however ziot quite certain of this,
T Yours, &ec.

(Signed)  TuoMas Boucw.

John Walker, Eag.

Dian Sin; . Edinburgh, Jue 6th, 1879,

“{ 7 Ascarranged .w'ighﬁ'gu' about 12 menths ago, I have
-heén paying the half of Mz. Noble’s salary as Inspector on
:the:Newport: Line; and’the North British Company paying
the ‘other ‘half, ‘on. sccount of s inspection of the Tay
;]}ridg'gf-but now tbat tha. Newport Line is finished his full
Walary will fall to be paid’ by-the North British Company.
:His time will be fully ocoupied looking efter the painting
-&hd. maintenance of the bridge generally for some time to
-come, and until 1 can put him ?n the&Forth Bridge worka.

* am, &c.

‘ (Signed)
John Walker, Eaq.,
. General Mansger, North British Railway.

Thoxas Boucu,

‘Dgar Sim, = . o June 10th, 1879,
"% Tug directors, at, their last meeting, agreed that the
sipervision” of the, Tay Bqd%:‘ in all reapecta (except as
régards® the . permanent: way laid ‘thereon, which is under
the'charge of ‘Mr.'Beil) should continue in your hands for
ancther yesr from 5th instand:
. T'{d consideration of this they are toailow Eou 100 guineas,
ahd i y u will send ‘alonig a receipt for this sum, on my
ft?tg_m: m London, I will- give instructions for it being
id to you.
p‘m 0 Yours, &c.
- (S_igned) Per J. WaLkxn,
Thomas Bouch, Eeg., C.E., Jxo. CaTrLEs.
111, George Sireet, Edinburgh.

ca Chambers, 111, George Strest,

Dear Sig, _ .. Edinburgh, June 10th, 1879,
1;.' I nave.your letter of this date, intimating that the

diectors- wished -the supérvision of the Tay Bridge to

renAin .in . my ‘hands -for . another year from 5th instant,

whigh' Lagree.to. - -

; gl:ljg’v'e already received » cheque for 100 guineas.

i ~ With.many thanks,

I Yours, &c.

o (Signed)  Taomas Boogw,
.,John Walker, Esq.,, Per R. D. Ropoick.
*  Mensger, North British Bailway Company.,

TAY BRIDGX DISASTER:

Runbsie Stones, TAY Brmdre Przna.

Newpart, Fifoshire,

Drar Sir, . e June 23rd, 2879, ..

- I wycroax apcount of rubble stones (at reduce
Pricm) brought to Tay Bridge by Mr. Speed, of the &.s8.
“ Elcho Castle.” Inthe part of April I called your
attention to the scour qaused by a-sunken girder, so much
8o that 1, in «liver’s gear, could walk underneath it in two
places. You called Mr, Walker's attention to it, and re-
commendad filling it with rubble. I have scoordingly
pleced a cargo of stones in each of the holes, and placed
s cargo of stomes at each of the two piers in the direo.
tion of scour, viz., N.E. of No. XIIj. 8., and S.E, of
No. XII. 5. I have also found it necsssary to place other
four cargoes at the following piers :—No, V1. B., No. 46,
No. XI. p.,and divided a cergo between Nos.1 and IV. n.,
making & total of eight cargoes of stones used at the piers
since the month of October lnat year.

1
RE-PAIKTING THE DRIDUE.

Mr. Bamlet starts the work this morning. He intends
to start at both ends, and bas engaged two gengs of men
to commence iromediately.

As Mr. Bamlet’s contract takes in the ironwork (in-
cluding handrail only} I think the Company could get the
work painted without other expense than finding the paint
from stores at Cowlairs. The men I have with me could
paint the whols of the wood portion during the interval,.
when not required with me sounding, in the same manner’
;‘hnt ;‘hey now employ their time in looking to the balts;

c., &e.

I remain, &e.
{Signed) H. A, NopLE,

Thomss Bouch, Esq., C.E. Inepector.

Chambers, 111, George Strest,
Dgar Sir, Edinhurgh, June 24th, 1879,

I gxcLoSE a letter from Mr. Noble aa to rubble
placed where the fallen girder was sunk, and also around
the piers he rgntions, with certified sccount due Mr.
George Speed for the same. '

You will ocbserve what be says about getting the wood

portion of the bridge painted.
Yours, &c.
(Signed)  Tuomas Boucw,

John Walker, Esq., Pro. R. D.R.

Manager, North British Railway.

My pEar Si1z THoMAB, June 26th, 1879.

I was duly favoured with your letter of the 24th
inatant, enclosing one from Inspector Noble recommendi
that the woodwork of the Tay Bridge shonld be pain
simnultaneously with the iron structure. 1t might have
beon well if the whole had been embraced in one contmact,
but as this has not been done I see no objoction to Inepec-.
tor Noble’s suggestion heing adopted, vix., that he should

out the work himself under your supervision,
r. Robertaon, our Stores Superintendent at Cowlairs,
will attend to any orders you may pass upen him for
paint,

Sir Thomaa Bouch, C.E.,
111, George Street.

Yours, &e.

(Signed)  J. WaLKER.

The North British Railway Company,
General Manager's Office.
DEar Sir THOMAS, Edinburgh, July 10th, 1879,
I 8EG to annex a list of Inspector Nobie's staff, and
the wages paid to each man.

I presume the deposit of rubble at the piers is now
nearly completed, and perhaps you willlet me kow whether
the uﬁmt staff is liksly to be permanent, or if it can be
reduoed.,

Yours, &e¢.
Sir Thomsas Bouch, C.E., (Signed) J. WALKER.
111, George Street, Edinb .

List of Staff referred {c.

W. Nieeh, fireman - - - 40.2d. par day,
D. Bell, boatznan - - - ‘- da6d. -, .
C. McKinney, lamplightar, &c.  2ls. Od, per wesk.




. APPENBIL

Chm]mi 78, 4 Street,
Edioburgh, Ju{ 18th, 1879.
... BeyERmING to your letter of the I0th instant in
to Inspactor Nohie's staff,—
ere are'po rubble sbones ired at prosent for the
piere, hut [:propose to have soundingw taken in the month
‘of Sepbembser next at every pier, the result of which will
- doternrine whether any mare rubble is then required. In
-the ineantime two of the men are fally emplo;m every day
in tighténingand renewing nuts and washers of the bolta
which sadure the way beams on which the permanent rails
are luid, the lamplighter giving them assistznce with the
ing, &

» &e.
The whole number of men employed on the bridge by
both Mr. Bell and mywelf is five. This nomber for two
miles of railway is only about the a ¢ per mile you
employ for the maintenance of your main lLines, but of Mr.
s two men, one only is employed in tightening up the fiah
glntu. bolts, and keys during the dsy. The man employed
uring the pight is, 1 apprehend, more a policeman, to see
thers 18 uo obatruction on the bridge.
_Of the throo men under Mr. Noble, one is employed
principally .in attending to the lights and lamps, 28 in
number. " The consumption of gas would he very large if
not Iy attended to, and, to reduce it to s minimum,
-Mr. Noble takes advantage of all the dayljﬂlt he can get,
:and-has the gas put out, at this season of the year, as early
.88 J'o’clock A.m., and re-lit again at 9,30 p.m. The Jamp-
Clighter has'this:to do on Sundays as well as week days,
“aud. I-do.not dee how we can dispense with his services. As
_before-mentioned, be is employed during the day sasisting
the otliey mesi with scaffolding, &o.

XXXIX

In rogard to your inquiry whether the present staff ig
likely to be permanent, ] wouid not recommend any

change being made so long as the bridge remains under
my o
Yours, &o.
(Signed)  THoMas Boucu.

John Walker, Baq.

Dear Sig TuHoMAs, July 19tb, 1870, . .
I au obliged by your letter of yestorday’s date-with
respect to the staff employed hy Inspector Noble. :
§oura, &c.

| (Signed)
Sir Thomas Bouch, C.E.,
111, George Strect, Edinburgh.

J. Wapuen, -

Chambera, 111, George Street,
Dear Sik, Edioburgh, November 20th, 1877, :
1 Have had Noble the leat two months tuiiin:
scundings around every pier, and find that of all those
which were metalled, the result is very satisfactory; there
is no change whatever excepting in two, where the saud i€
actuslly sccumulating ; but at some of the smaller spans
at each end of the bridge, where no stone waus deposited,
there is indication of a slight scour, and 1 have given
Noble orders to stop it, by depositin? more stone.

The cost of this will be about 275
Yours, &ec.
Jobn Walker, Esg., (Bigned) Taomas Boucu.

Manager, North British Railway.

No. 14. ‘
ReronrTs by Mr NoBLE to Sir THos. BoucH as to his Inspection of the Tay Bridge.

Rerorts by InspEcTOR NoBLE, from 3lst July 1878
to 11th April 1879.

o Chambers, 111, George Street,
Deranr SIR, - Edinhurgh, August 16th, 1878.
. THAVE. ypui's of yesterday, and as requested enclose
you :Mr. Nohle's report on the foundstion atd piers to
31st” Jnly.
e T I am, &e.

T - (Signed) Tromas Boucn,
~ John ‘Walker, Eaq.. Per H. B. Roppick.
‘Manager, North British Railway.

ExAMINATION, and placing RubBLE around Foumbpa-
Tion of Pregs.

Dzak Sig, July 31st, 1878.
" Duming the pressnt month I have placed rubble
around-mos¢ of those piers you poinled out o me on the
-drawing  a{ the interview you granted me at the Tay
‘Bridge.Station on the 2nd of present month. I have also
~made up.with rubble, to the height of ordinary low-swater
‘mark; all the piers from No. 81 to No. 73 (north aide of
river). - | have entirely surrounded these picrs with an
‘embankmémt of rubble that will defy tbe scour of - having
“aiiy effect 'on.-the piars for years. My reasona‘for 30 doing
-ara-two-fold ; in the first place, the cylinders or bases of
‘thése:piare are not sunk so deep in the original bed of river
na those Tupther ant; and secondly, I find that the engine
drivars-always pull ap at this part of the curve, and the
breaks are applied to the inges tp enable the man on
the e,nﬂtfae to anstch his orders from the hand of the signal-
men _before ho can procesd onward, thus causing & drag
which was folt below. This fine weather has ensbled the
steamer which bﬂafl/ﬂlﬂ rabble fo doposit it at the exact
spot without fesr pf striking the columns, and can only he
on_a.ﬁt._ m water. b?uj;::: the rublle hds heen banked up
around' thise piers, the heaviest train makea no perceptible
motian-below, nnz it it wae not for she noise you would not
bolieve » trein, bad passd over. |
I should like to, entirgly surround the other cylinders
with.stones, from No. 73 to No. 61, up to Jow-water mark ;
also by 80 dring, it would jake in the whole of -the curve,
snd as the sand-banke from 61 to 57 are lével, and in
placos little abovp low water, we should have st low water
the wholenf the sorth sideaf.éhs bridge in sight, so that
if soyr fook:pisce at this most parbicular part of the
motme ttcould be soer a¢ onow, and -dealt with - nocord-

Formerly the sand-benks were level :with low-water
mark, now we have between 6 and 7 feet of water from low
water to hank at those piers ] have named, viz., from 73
to 61. From 61 to 53 the sand-banks are generally in sight
ot low-water mark. If this was dome during -the'sutumn
it would be a capital job, and a great 'saving to the North
British Company in the future. It would take nearly
3,000 touns to cﬁ out this suggestion at a coet of 7501,

I would now your attention, Sir, to & statement I
made in your presence at Edinburgh in the month of
January of present year. Mr. Stirling, the chairman,
asked how much stone it would take to secure the piers, 1
replied about 5,000 tons, st & cost of s. per tos, including
working expenses, &c, Nearly that quantity was used,
and ¢conomically laid down at the time of seeing you at
the station on the 2nd. Since then I find that] have
exceeded the quantity by 670 tons. I merely mention
this to aet myself right with you and the gentlemen
present st that meeting. 1 am happy to say. that the
piers are not only secured at the. price named, but upon a
strict scrutiny made every day there in not the.glichtest
aiﬁn of a settlement at any of the piers, My staff vf men
who work the steamboat are always busy overlooking
bracings, &o., while I amn attending to the Newport Branch,
At h.ng:'A and low water I never noglect in fine weather to
keep the aoundinghl'ilnm going between the tides, 1 go
over the Newpart Railway in the interval between the tides,
50 yon ace | bave s pretty bua{ time of it.

. 1 remain, &c.
(Signed) H. A. NoswLz,

Thomas Boueh, Esq., C.E. Inapector.

18;’;Subhle used and deposited during the month of July

Tons.
July 2, ‘ Elcho Castle” (s.8.), south side,
No, I », - . - 70
» 3, “Elcho Castle™ (ss), arcund,
Ne.B8l - ., =~ - -7
» 4, “Elecho Castle” (s.s.), around; "~
No.80 = o e, = . - ju
w 5, *Elcho Cestle? {s.8.), around; B
No.79 - -~ - - - 70
» 8, " Elcho Cestle” (s.5.), around,
No.790 - . . - . - -
» 9,  Elcho Castip” (ss), north side,
No. Le, " v - - 70
» 10, “Elcho Caatfo ™ (a4.), north side,
' No. VLs. = < - - 70

e 4



=l TAY BRIDGE DISABTER:

Tons.

July 13, E.I.cho Cestla” (s.s.), uuund
No, 78and 77 - Y]

» 15, * Blcho Castle (a u). nouf.h side of
. No; Vs, . 70

. 16,-' « Rleho:. Castle "’ (s 8}, muud
- ~ No;74 - - - 79

., 18, “ Elchoe Caatie” (s.8.), arcund,
No. 73 - - 70

s 19,  Elcho Caatle" (as), north mde,
No. XL.B 70

» 22, © Elcho Gutle ” (s 8.}, north nde,
No. VIil:p. - 70

. »-24,"* Eloho-Castle ”  (s.5.), nurth nde,
' “No. IX.n, . 70

» 25; * Bleho Ceastle” (s.8.), around,
No. 75 - - - - 50

v 26, “ Eloho Castle” (s.5.), wmround,
No. 74 - - - - 70
Total tons - 1,120

‘P.8S.—If you do not fill up the vorth side, as mggut.ed
I shall only require: about four cargoes for the ensuing

month
. H. A N.
- Cbambera, 111, George Street,
Dx.ut Sim, | . Edmlmrgh September er 1878.
‘TENcrosE you Mr. Noble’s report for last month.
e I am, &e.
’ (Signed) Tnouu Boucsx,

John Wnlker, H. D. Ropbpick.

Esq:,
. Manager, North Brrhsh Ru.lmy

iI.
- Daag Srx, ‘Tay Bridge, August 3lst, 1878,

I HAvE received enclosed aecount from Mr. Spesd,
who supplies the rubhle stones for the piers of tha bridge,
‘and- find the nocount correct.
| Amount of rubble and whare deposited during the month
endlng Auguat 31st included :—

‘Tons.

lug 7, Steamship . Elcho Cast.le,” north
aide of X1V.n. - 70

» 9, Steamship “ Elcho Ca.stle " nor!.h
. side of 60 - 70
5. 13, Stenmah fp “ Elebo Cntle" north 7

. 15, Sf.eamsh:p i Eluho Cutle." nomh
side of XIIL.B, - - 70

» 17, Steamship ** Elcho Caszle," north
side of IX.B. - - 70

» 20, Stemnship * Elcho Cnstle," north
: side of III B. - 70

. 26, St-eamah.i * Elcbo Cutle," aouth
o sidé of 47 - 70

o 27, Smmahlp * Elcho Cut.le," aouth
nde of I.B. - 70
Total - 560

I hme very hn.le to_say in regard to the bridge, only to
‘Feiterste my former statement, viz., that there is not the
‘slightest appearsnce of weakness at any of the piers.
Every part of the work, from the foundations to the super-
.Btructure, seem to be doing its work well, and there is not
‘the least doubt in my mind but will continue so to do.

I remain, &e.
(Sumed) H A NonLx,
Thumu Bouch, Esq., C Inspector,
Chambers, 111, George Street,
uxan Sir, Edmburgh, October 6¢h, 187’8

T'zncLosx Mr. Nobhr’a r?oﬁ for the past " month.

. (Signed) Tnouu Boucn,
Per H. D. Robpick.

J’ohn"Wsl.ker, Faq.
arth British Railway.

“Manager,

III.
Ezamination of Piers.
DlAl f1m, ort, Fife, October 1at, 1878.
“ I HAVE recaived ::cgoudmunt from Mr 8
who guppliea the rubble stones for the piers of the hndgu,
and’ ﬂnd the account correct.

i

Amount of rubble and where deposited -for month ooding
September 30th inclusive ;—
Tous. -
Sept. 3, “ Blcho Castle” (xs.), E, S.E.,

snd NE, of L8, -
9, * Elcho Castle” (s.s.), south llde

snd S.E. L. -
» 30, * Bicho Castle ™ (s.8.), nm-th s:de

ond N.E. of No, 46 - -

210

”

Total for September faonth -

" You will perosive by the sbove that 1 have used s very
small quantity of rubble this month. I thought it adwi-
sable to wait %ill the equivoxial gales ware over. We
had a fair specimen of them since the 13th of present
month. On Sunday the 15th it blew a hurricane quite wa
severe as it did when the girders foll. 1 am now going
over all the piers again to ses if there isan ce in
the bed of the river, and shall sct accordingly.

I remain, &o.
{Signed) H. A. Nonus,
Thomes Bouch, Esq., C.E. 1 napactar.

Chambezs, 111, Gearge Street,
My peAR S, Edinhurgb, I\ovembe.r 2ud 1878..
Accomrpirg to &our roqueat 1 enclose as usual
Mr. Noble’s report on the state of the Tay Bridge, which
is very satisfactory.
Can you use your influence in the proper quarter to get

Mz, Speed’s aocount paid.
Yours, &c.

(Signed)  Taomas Boucs.
John Walker, Esq.

Iv.
Examiration of Piers.

Newport, Fifeahire, .
November lst 1878

Dear Sig,

In my laat latter to you, dated Sepmmber 30th, 1
anclosed Mr. 8 *s account of rubble stonea brought to
Tay Bridge by him and depoaited at theu- levenl plncel

named hy me during September month. za)

he hos not received the tmh for the umc hasg now

eent to me the enclosed mecount for the last month and

the month of October, and finding them corrreet 1 have
ed them as usual, previous to eending them to yon.

Iu my last letter or report, dated September 30th, I told
you I waa going over the whole of the soundings once mare
to aes if the Sepiember gales had any effect in cavsing scour
around the piers, I am happy to he enabled to state that
the severe gales we have experienced hers duting the last
six weeks at intervals have made no perceptible alteration
in the bed of the river, 20 far as I have heen abla to
sccomplish up to present time. From south sids of
bridge toward north, as far as No. 48, the bed of the river b
about the same. From 48 to Mmda.lcne Green I have not

-gone over yet since the galea, but intend doing so every

calm day, although I have no fear of the resdilt.

Thie rubble I have bad Inid down these last two months
completes those dm you marked down on the drawing
when I'presented the plan to you at our mesting 8t Dundse

in 'July month, and whare it wws very n it d:ould
be laid. The following is the account of ru
the montha of September and October :—
Tons.
Sept. 3, “Elcho Castle” (as.), E., S.E.,
and N.E. of No. Lbp, - - 70
» 9 “Elcho Castls ” (s.0.}, sonth side
of No. L.», - 70
» 30, “Elcho Castle” (»s.), noﬂh ude
sod N.E. of No. 46 - 70
Oct. 15, “ Elcho Castle ” (s.5.), cast, oo'uth
esst, N.E., and N.W_, of No.
XIV.n. - 70
» 17, “ Elcho Castle” {s.e.), louth luie

and S.E., NW,, and NE‘IoE
No. X!Ln. - 70
» 19, * Eloho Castle” (1.4), S'W Of

No. IX.,and NE.of No. VIIL, - J0
26, « Risho Ceatls ” {s.8.). 5. W, md
N.K. of No. VL.B. - 70

1



APPENDIX, xli

Tons.
Uct. 29, “Eicho Castle” (s.s.), S.W. and
N.E. of VIL.». - - -
w31, “PElcho Castle” (s.8), N.N.W.
and N.E. of {[l.B. - - 70
Total number of Tona - 630
-» I remain, &e.
. . (ES.igned) f. A. NoBLxk,
Themss Bouch, Esq., C.E. Inspector.

} Chambhers, 111, George Street,
‘Dear Siu, Edmbur%l;, December 19th, 1878,
I BEG 1o enoloae you Mr, Noble's report. [ have
instructed him to give notios to those workmen whoae ser-
viges cpn now Do-dispensed with.
Yours, &o.

: {Signed) ‘I'Hoamar Bouco.
J. Walker; Eag.,
: Mm&g?:'rﬂ(oﬂ.h British Railway.

V.

B Newport, Fife,
- DBaAR :Sign, . December 18th, 1k78.
7 <Y pEEM-it,to be my duty to inform you that the
“umber of-workmen employed under my directions in the
- examipation of foundetions can now be reduced to two.
‘I'we workmen would only be required to asist me in con-
tinwng the-soundings and examining the bolts and bracings
of the columne during my atay here.

In regard to the scour of the bed of the river around

* the piers, [-ain hdppy to inform you that no alteration is
. peregptible since. my last soundings, taken in September
* and October, and the quantity of rubble stones used since
~i8ionly two.cargoes, one since I saw you at your oflice snd
_one- previous. ' There will be no more rubble required at
‘the. piers, unless something occurs very different from
Jwhat I expect.

. The, superstructure stands the traffic firs cluss ; thero is
.not the least ‘defect in the entire length of bridge, nor any
8ign of settleindnt 4t sny one of the mlnE prers,

I tried. the oxpansion joints hetween the girders on the
‘18th- day of July laat, and the 13th of present month, the
hottest and the coldest days this year. The contraction
“over the whols length of bridge is exactly 1 1134, There
ure 18 expansion joints, and the two snde of bridge from
ahutments makes 2U pinces tried at precisaly the same apot
-each time,

-l aw ‘wow. apxiously watching the effects of the large
‘qnantities of .ice (with which the river ia covered) on the
1ET8: 'T_in.‘ldpking, over my diary for 1874 1 find we had
-:bloeks of ieé 1271n_thickness, and no damage was caused,
‘exoept a:alight grazs on the brickwork ; certainly we only
-biad!six.piers out on the north side between the shore and
‘No. 57;-and of \course a greater space for the ioe-floes to
- passibackward and-forwsrds with the current. 1 shall be
Ja8.vigilant na 1 can possibly be over thie afair.

If my recommendation to reduce the number of work-
men meets with your approval, you will plesss to notify
the same, 30 that [ can give the workmen timely notice.

I remain, &ec.
(Signed) i A, NosLE,
Thomas Douch, Esy., C.E. Inspector,
vi.

Sunken Girder, Tay Bridye.
Newport, Fife,
Dean Sia, April 11th, 1879.
At length | am in & position to inform you that

1 have succeeded in getting that portion of the aunken -
wirder that was lving in the right-n'-way of vessels, between
Nos. XII. and X1II, piers, clear,and 1 heve now 10 feet of
water from desd low-water mark to the highest peint of
fragmentary iron.

1t has taken most of the time since March 14th, at
which date [ enguged the diver, and during the time I have
fired off nearly half a cwt. of dynamite in small chargens,
I cut all the tie plates piece by picce (these plates -held wp.
the boom of the girder), till at length the boom ssnk with
its own weighi nearly 5 fest ; by so doing it gives us, as'] -
said shove, 10U feet ogwuter sbove highest point, of -sunken. -
F'u-de.r (taken at dead low-water mark), consequently there .
s no fear of any danger mccruing to vessels which may
happen to pass between these piete, and I am now ready
to hight the whole of the Ismps on the bridge directly
I receive orders to do go. Everything oeing ready when
you name the time,

Cost.

‘The amount of money laid out by me for carrying out
the work is 23/ 16s. 6d. This includes every extrs ex-
pende, auch =a diver’s wage, overtime for permanent hands,
dynemite, coiis of fuse, detonsators, india-rubber cloth,
solution, ropes, extra boat bill, &e,

[ was obliged to abandon the ides of employing a man
with an electric battery, He wanted 3. Js. for the first
day, and 1{. ls. for every other day when called out. His
expenses would have run up to 151, a0 I gave him up,
and i:ruught coils of fuse with caps and fired them off
myself. T

_y[n consequence of the dynamite sgent at Drundee having.
no dynamite m his stores I had o go persvnallywith my .
wan to the various quarries and buy it : and sa thers.is a
heavy penalty if it is known you are ca:riving it through
s town great secrecy had to be adopted. In fact, very few
persons know what we have been about, and 1 paid for
everything in connexion with the job ready cash. It was
the best and only method I could adopt to get over the
affair quietly and economically, and to be within the
estimate 1 mentioned to you in my letter of the lfith
March.

It now rests with you, Sir, to remit me the amount I
have expended, hy so doing you will greatly oblige,

. Yours, &c. .
(Ségned) U, A. NooLs,
‘Thomas Bouch, Esq., C.E, Inspector,.
f



TAY BRERGREPIMASTER:

No. 15.

Coanrspomnmcz between HopPkiNs, GILEES, AND Co. and the CLEVELAND NUT AXD BoLt
- ComraNy relative to t.he Borxs and NuTs fur the Tay BRIDGE.

Corizs or Horkrns, GILkES, AND Co.’s ORDERe to the CLEVERLAND NuT i¥p BoLT Coupany for Bolts and
Rivets us entered in the Cleveland Nut snd Bolt Company's Order Book, showing delivoties, price terms,
&c., sent to Solicitor, Board of Trade, by Mr. Hadland, by lettor dated Apnl 8th, 1880,

b2 : !
Ordar|  Name, g ,é;» Description. Welght | Price. d’;;.'jer“;l Weight = Remarks.
3° | j
U, B ts, cwt. qr. 10 £ 5 d. ts, ewt. qr. fby
A Max 1874
SRS 1 1% DU - B May 14 ({0 1 811

I . 1510 4 210
~ RS Hophns, -] 831 §in, by1f in. cophead [0 8 0 OJI5 10 0 » 18610 & 0128 |Iron fo be equal.
Gl]kes,m‘d : rivats. to sample given

| Co., Tees | " " o6 00 » » 1410 6 115]| tothem.

'g;rsnne ' w 3 » 0900 " w wl0 1 02
orks, .- . 22{012 032
Middles- . 38 . 01! 2 0 " , Mt0 1 2 0
bro’. ' 1in. " 06 00 » s 18710 6 211
1] Py o 3 00 11 " 11 0 a 0 8
W 2 n 1 2 00 ,, , 1410 4 037
» 150 2 018
, 161018 180
. 2% " 04 00 " . 18]0 4 810
w 2} " on oo " . |0 0 82
. 16]012 225
" . 09 00 " . 18|08 01

w 3 " 1 500 » w w0 6 8 O
. 2110198 o1l
. 4} " 0 2 v O] Perton s mi0 4 1 8

19- 91 905 | so0 |, i » 15w 0)Jonell jO 5 1 9

. . -, 1%|0 0 318
.v]{_rgo :

' 4,300 ,, 4} " " May 26 032 S 4
June 19 {0 1 1 14
3400 , 2 " " ., 8012 0 8
2!000 » 2 " ”» " 1 013 2133
g300 . a3 " . 8lo12 218
» 1810 1 018
6000 , 3 " " Mey 27 {018 218
w 30{01%5 3 6
" June 2 (0 8 0 4
w 1710 3 116
2000 ,, 9 " " May 27 [ 0 16 1 23]
s 30{0 0 1385
" June 17 |0 1 0186
150, 4? » " w 11f0 1 040
200737 , 13 " " May 21{0 7 0 0
. 36 ({0 9 212
800, 17 " » s 371014 3 26
» 801010 129 ]
" Junels |0 I 0 20
1,300 2‘! " - May 3010 4 218
Looo 24 . " » 21{0 4 09
4000 ,, 21 " » w 270 7T 2 6
28 (010 117
Good quality. v

: JUNE 1874,

15 209 1,002 | 170 rivets, & in. by 1§ in, 015 6{Junet? |0 2 2 12 | Usual terma,
L cuphead. » 27|01 135
‘R. 43 380 " 2, " July 14 {0 4 38 26
S 250 " 2, " June 20 { 0.8 1 24
g 3,150 " ” " s 18]0 8 0 0

900 " 2}, " s 27018 0 oM
SRR Rl ARt -5 990 0 139
6,400 " 13, » , 18]l0 8 0 0
. 1970 1 o0 g0
» s 37f1 1 210
Juy 110 0 112
.TA’ *Goo » *iﬂ. b.Y 1* » 019 6 » 4|0 0 32 0
458, June 27 (0 O I 8
*200 ” 2§ »
120 ,, {in byl o016 6|/ , ,10 0 113
CHB.
250 " in. » » 200 3 0 8
cup.
780 ” » % . ” Jﬂly 140 0 1 18
970 ”» 17 1] » Ju.neH 0 3 sm/‘
120 » 2} in. " . 2710 0 118
C’n B,




H HB'I'FL'—;HPM ¥4aT

<9
E:
=

. , : . Date of : "
Name. . Description. Waight. Price. |1 very. Weight Bemar
- 3 —
r ts.cwt. qr. b £ & 4 ts. cwt. qr. 1b
o 1,360 rivets §in. by 8} in. 015 6| Ang. 13 | 0 118
cup.
L,170 . - " June 20 [0 3 0 15
ATO m S . 22/0 % 8483
" July 14 |0 1 210
4400 " 2% » » Aug. 17T |0 2 225
a0 * i » " July 1|0 1 036
Aog, 13 |0 1 134
280 ,, " 2 . " July 1|10 1t 324
630 *il:l. by 2§ . ”»
3,140, . M, ” June 7 018 0 3°
M40 " » » w 2210 0 215
Juy 8]0 0 3 8
230 , finbyliin 015 6| June2y |O O 223
C’)s R.
70 w 1fin. » . 2010 1 813
cup, Ang. 18 |0 0 111
279 ”» 2 " »
159 . " afin > | June 20 s 20
C.sR.
660 " 24 an,
oup.
’lsm ” ”n 2‘ ”» 3] ” 22 0 3 8
Ang. 13 { 0 132
" Jane 19 | 1 016
130 n 1 2f » »
180 ,,  Fin by lg in. v
C’s R.
2,130 ,, w2 in. " w 17 0 20
cup.
50 » ”» 2i " »
2:610 " " 2 I » n 18 2 14‘
50 ' 2& " per cwt,
K . delivered.
- JuLy.1874. . .
439 1,000 ,.  }in. by 2§in. 1 2 0] July 31 2 10 | Wanted  irume-
.6 1 12| distely.
00 " 3t » ”
Counter-sunk heads came ps
before.
8} in.by 8} in. drawbolts.} 0 5 © O » Aug. ' 7 010
3, dinm » "
Sq-.-lqo-k - -|{¢ 200 " w o » 0 2 110
1 ip. hex. nats tapped -] 5 00 " Sepl. 4]0 3 8 7
) w 3010 2 0 0
AUGURE.1874. R i
474 2,000 { in. by 1% in. cuphead 1310 0| Aog. 60 0 3 2 |The rivets are
rivets, » T}10 1 185} to be of same
' » 1010 1 014 quality as those
» 1BJ0 1 119 we ye Te-
Sept. 3{0 5 2 12| cantly been sap-
16000 , ¥ ., » Aug. 17 (0 6 1 90| plylng, snd noy
w 18|00 ¢ 3 16| Inoferior quality
» 25|10 5 0 4| will be rejected
w 26]0 2 217 | bythe inspecior.
n 2|0 T 180
» 3811 &5 9236
870 ”» I* " » Dee, 11 0_ g2 1 7
8% ,, 2 " Ang. 6[0 3 3 3
’ n T|l0 D 287
35,950 n % » w 81013 825
w 12j01L 1 2
. n 1311 7 0 3
' » 141018 318
4450 ,, 2% n , 1210 3 0 27
! . s 170 4 317
{ A,W* » % " " »” [ 1 L1 7
Sept. 16 [0 LI 0 g
‘ n 1710 ﬁl 3 24
: 3,000 " gg' » » A'ﬂg. gl o 4-[ 2-18
: ‘ n 1|0 & 015
' o . . Sept. 170 8 o 7
! 15004 ,, liln.panbeq_ﬂ " Dec. 81 | 0 .8 1 11| 1,800
k o0, 1 n : ) Aug. 13 0 2 a7
HEDaS R . ' - per lon , MR
-y ] - .l 4;{_[' ) I
Vg G ov ¥ . delivered,

f2



-xliv TAY BRID@E DISASTER:
Copies of Hopkins, Gilkes, and Co.'s Orders, &o.—cont,
T
Ord 'gﬁ Date of
er . A N - . . ) -
No, htamu. 2 Description. Weight. Price, delivery. Weight. Remarks.
- -1
R " . A
’ : 1s. ewt. qr. b)) £ s d. ta. ewh qr. 1b,
25 617
R. 126 1,333 | 1,700 { in. by 2 in. cuplead 014 6| Bept. 170 7 oI5 1,700
. rivets, w MO0 G 016
s o, 2% " . w 2810 1 024 anv
Dee. 4(0 1 11 350
oo . 3} " " Sept, 110 v 1 24 100
100 w9 ” " » » 0 020 100
4100, 13 " ” » p|012 3 6
W 1[0 1 2 0
) » w 1610 1 118
. *L,600 - ,, M " w 2310 4 030
= s - -*l00 " » " [
- #2,000 3 in. by 1§10, panhead ” Dec, 15/ 0 3 9 2
iy - 6|0 2 824
9,800 ,, 1}in. panbead " . 2170 2 196/ 1,000
rivets.
- (Not required now.)
2,000 £ in. by 1§ in, panhead
R rivets, " w 1610 3 0 0
800 , 9 - " Bept. 11 {0 0 3 1% 300
llm ”» 13 rn
*500 n 13 ” "
-Srr. 1874,
: 635
B89, 1,366 | Sorew 48 bolt end - - 0 4 0 . 9]0 2 113 12
Ce8;172. per owt, w 100 0 3 4 4
Lo . 11]0 6 1 8 32
e —mm s L Mmm e 6: ---------- —
: I 4
y l 1 ilLYE
. Nut will be sent with bolt epds.
- 16 721 .. .
‘B os| - 15440 | 9,800 bolis and nuts 1} in, - 11 0)0ct 30[110 1 71,15
R P - . w 3LJ010 2 0 400
- To trocing - - - perewt. | Nov. 7311 14 024 (1,95 -
o ) » 11011 124 450
|{To b oiled defvered! ., 18010 1 4| 405
1 ond packed ec. 31 01 7] 800
in double: at theer w 410 3 8 6| 15
hags  and w 111011 136 430
latwdle-l works, | Feh. 5|3 3 2 713230
"] ay Aprl 26 i to 2 4| 430
Bridg. May 11 {p14 2 8 80
» 2210 3 324 160
June 11 [0 5 5 14 240
n 1610 8 312 330
w Y0 4 233 200
. p» 1870 4 1 4 156
- . n W0 1 136 59
783 S ] i »
‘11,513 | 1,250 cop. rivets 3 inby 1} in, Bept.99 {0 5 2 24| 1,850
850 " ] 14‘ » Dec. 2|0 4 1 4
1,350 » " 2, SGP!. {0 1 2 3
3010 1 3 4
1200 w o . w880 13 8
w 2910 8 3 %0
106 " " 3'3 1] Nov. 28 0 0 2 4 100
28 797
R.135 1,523 | 5,300 »  Zinby2 013 6:!0ct. 7|0 8 0%0
’ Nov. 14 {010 0 3 791
M40, P 1 ) Dec. 20 8 017
3,330 n ” 2& " ”» " 31010 1 24
. n 4115 134
. » » 221117 019
00, " 8% . » » 21010 8320
’ 3|0 & 115
3000 , o, 2}, - "
‘,m ”» " 2 ”» " Nor. 17 014 080
Dec..17 {0 2 8 81 &l17



APPENDIX.

Copies of Hopkins, Gilkes, and Co.’s Orders, &e.~——cont.

S
I gz Date of
oﬁfr Name. E ,g Description. Weight. Price. delivery. Welght. Remarke.
te. owt. gqr. 1b.| £ & &, o fs. cwt. gr. ib. 5161
.nvets { in. by 2kin. 013 6| QDet. 2|0 4 8 83,
12,700 cup #in by . 510 9 o21]1,618
" . 201013 © o] 8,204
Nov. 28 {0 12 2 19| 3.900
Dec. 14019 2 12| 2,624
w 210 2 8 3
w 41015 1 B
: 3,000 » :i " Nov, 10 |0 18 2 9| 8,000
8,400 " . " Oct. 2{016 0 24| 3,023
» 510 7 8 2120
» » 7 0 2 0 0
w 17]010 212 1,880
w 19101 226 1,780
w 200013 014/ 1,794
1,706, . 3, » s 21010 014 1748
b s 510 7 822/])1,884
200 - » 3} " Nov.13 [0 1 1 1 200
w » |0 6 b 20 850
a0, » " " e om0 7 L16]{ 950
170 » ” 3 » e Oct. V9 o 1 024 170
250 w 35 m " w w10 1 323 250
28 -798
1,584 850 »n " 3{ » » w 2000 6 2 2
R‘laﬂ- ' sw L3 » * ”» " " » 0 E 3 n
1,350, w4 » w 3]0 2 26| 340
w 17]0 3 2 4| 436
w 210 4 321} 626
430 " L T " w 9|0 3 318 460
260 " " s, »” w |0 2 0 5 215
0000 ,, limbylf, " w 27|00 2 227
p 2381014 119
. 2910 9 1 9
w 80015 210
» 81|10 6.1 3
Nor. 20|10 & 0 27
8,100 » v ]; ”» » Qet, 220 2 3 26
Nov. i0fo 7 110
W o]0 7 $23
1,200 » " 2, ” QOet. 22|10 1 230
Nov, 1710 2 015}
3,700 w2 " Qet. 21 (017 © 26
Nov. 4]0 8 3437
5o, w2t " Oct. 910 0 8 923 150
1,625 {2,850 pna. rivets § in. by ltin. w T]0 p 212
! w 8f0 0 320
o 1310 0 1 0
v w 4]0 1 816
L6 w . " n 1]0 1 016
w 8lu 1 110
s 9]0 3 312
w 100 1 313
28,700, - 1t ., . I3[0 3 317
w 160 1t 2 8
w1710 5 018
» 10]0 2 224
. 2710 0 2 8
. 2810 2 1 2
w 2000 1 110
» 8010 0 318
w 3L10 1 2 6
Nor. 2:0 2 091
- . 810 1 314
w 3]0 2 322
s T10 2 812
. » 18/0 3 8 &
2,900,  {in.byl}in. . 1710 3 218
. ’ w 2110 -2 2 4.
4,600 » » .. ' Oct. 10| 0 -2 3 6|
T w o n]0 41 8
s 3]0 2 012
Nov. 7(0 ¢ 210
n» 910 1 1233
» 10j0 2 019
n 2810 1 0 38
- 30 808
1,529 )
"B.416]. 788 bolta 1} in. by 5} in. 1 v+ 6| , 180 2 325} 1M
’ D..n_osss 420
PR B - ec, 3|0 7
:8428°[To be - Bq. ™. hex. " lo 0 84| a4
C belled “Tuy Jun, 2810 9 3 4 91
Bﬂds‘"
”» Olnoelled.




TAY+~BEIDGT DISASTER :

wivi
Copies of Hopkins, Gilkes, sud Co.’s Orders, &e.—cond,
N | :
Urder gz . Wois Pri Date of Weight. Remarks,
S Ne. Name., gg Deseription. oight. e 1 dalivery. i .
o 2T .
o ‘ . 6, cwt. gr. Ibhf £ o d ts. cwt. qt. Tb,
768 balts 1} in. by ¢ in. . - ,
Bq.éd.hnb:z & 1 1 0|Dec. 3[04 1 & 660
s LI |G 8 314 400
W. 64 1T 3 in. &lam " Nov. 4|0 9 315 3884
byim thick for 13 im. ” Oct. 28 10 8 2 24 | 2,300
bolta,
4,608 washers 2} in. lm.m Hov. 28 |0 4 016
by i in. thi for 13 in.
bolts.
: ‘| 358 washers 2} in. dism. " Qet. 26 |0 1 3 14| 352
by }[u. thick for 1 in. per cwl
baolts.
TA. To be 1.. 1,656 | 270 washers 3} in, diam. Oct. 26
< 832 | belled“Tay by { in. thick for 1} in.
Bridge.” bolts.
_o12] . 83 _
B 165 | Tol-be _ads. j;579-3,soocnp.ﬁms:;in.byaain. 013 6| Oct 24 |0 4 3381301
Fret s dressed - |7 1 Nov.21 |0 5 9 24
|- Hopkigs, ;| - 8,800 ,, w  Eoa w T|lO10 0 &
- thl:es,and - ) " n 10
‘1. Coj for : n »
- ’"Tn 1,800 " " 3 ”» » » a1 0 5 1827
'-‘-Bndse" 1,800 " » " » » 1110 1 310
. 28|00 5 221,581
» 4|0 2 020
s 28l0o1 v 1| 2676
2,200 3 » 2, ”» QOet. 0|0 8 2 0 1,200
1,000 3% . ” » 210 4 320| 1,000
800 ” iin by 2§ . " Dee. 160 1 024 300
800 " »ow,n (Net
I wanted.)
(per cwt.)
18, 865 ‘
‘Rasrf . . fnsoe|§ tw by 17 in. civets to [118 0 0|1 7 0/Oct. 160 3 8 0
R B sample, » 17)0 8 213
w 190 83 1°5
, 510 2 318
w T{0 4 8 1
. 8|0 6 0 8
s 10]0 6 013
Aim.by 2 ., " 02 0 0 " » 0 2 016
pur ewt.
To be made of Low Moor
iron, which will be sup-
plied by Hopkins, Gilkes,
and Ca. at 93¢ per cwt,
. | Dicrisma | - - ‘
B.599| 1181 |1,76%.| %980 bolts 1} in. by 3} in. 11 0] , 24}0 & 2 1] 200
5 ‘ -~ .
3,971 Jan, 21010 015 300
. n Ml0o. %2 11 66
per ewt, w 28[0.6 816 200"
. delivered.y - . .
‘ ; ’ . 27low 1 1} so0
1 1 » ns 4] '5 0 g ]50
: : ' » 3|0 6 1 7| 187
t w S010.1 10 87
‘ ) Feb, 2|03 2 8| 76
| i : n Sj0,:2 11 67
) ' nw 4]0 7 85| 288
| ‘ n €{010 0 B 800
_ T . i .y 810 4 398 141
e, ! e 5w _ . Jaﬁ.-'aﬂ’-o @ s13( 87
! 1401 22 53
sunnq.s{m. . : w 15|0ls s91] 174
. TR TN R ﬂli‘]...l o }
- ] A7 .3 _
. I | T ﬁi"rl_

De g AR he\.delnhmd during ﬂ:hweek in January.



. APPENDYX M En wivid
~ Capies"of Hopkins, Gilkes, and Co.s Ordors, &r.~—cond.

=]
Ez )
Onder | om E5 1 Descripeion. - Weight. | Price. dﬂ;‘,‘;r‘;‘_ Weight, Remnrke.
39 '
te.owt. qr. b.| £ o d. L&cwt. qr. 1b) '
Hexheads and nuts, round Jan, 19 |0 4 8 26 150
necks nnd washers (o ‘ w 210 6 213 200 .
ﬂch,*in. thick, . n 22310 5 314 178 }
_ " As per tracing. » 280 9 115] am 1
Jan, 1875, '
1 1,208 ) '
N 197 1§ in. hex. muts tapped [O Y0 1 O[3 5 o , 86[0 10 2[Al invoiced for
. 2,005 {1,914.) . n 2810 1 018| goods eupplied
y 8030 0 3 14| ogainst . thic
Feb. 8|0 1 2 44 onder must be
s &[0 2 023 made outj on
» 8|0 3 8 14| scparate forms,
o . w 8]0 0 213] and have' in-
’ sorted on emch,: .
for “ Tay Bridge
Works.”
w.an ewt. gr. Ib. 1 5 o) Jan,19|0 2 010
' lin v (584)” 2 110 -
JTAL ) 364 washers, 3 in. dis. by?} " Feb. 16
Lrez): - 4 in thick by 1} in.
- : 184 washers, 2§ in. din. by n |
876 wadhers, 23 in. din. by »
} in. thiek by 1 in,
i per cwt.
To oo | Max 1878,
May 3| " T071 2,777 [46,000 tup. rivets,§ in. by 1} in. May 6{ 014 8 4] 4500°
I I : . 1o 5 3 3| Lwu
» 1900 4 328) 1400
» 2010 0 110 100
» 23]018 233 | 6,000
June 4{1 0 022} 450
w 71016 314} 5500
» 11117 111} 12000
» 153|012 021] 3,800
July 71015 0 6| 4800
8,550 ,  fim.by 1lin. May 7]018 126| 8,550
. 1215 o0
per ton.
3%0 ,  }in.by2}in. w Tl0 1 oW 290
» 197015 120 3,610
2,700 ,,  3in. by2}in s 710 4 2121 1200
s 1910 5 830} 1500
o . 18150 in. by 2% in. June 91012 022} 215
| 3776 1 3800, in. by 1Z in. May I1 [0 13 ! O | Special atiention
R B 1,80 . Adimbysio w 7]01 126] 0 be given 1o
~Msy 3 ; . 2910 4°31 the counting of
e . 1,800 " 1 in. by 2Lin. . 2010 31 8 the above rivets,
» 230 2 ﬁbﬁ and each bag
s 39|01 073 to be labolled,
2200 ,, 4in. by 2 in. , 2070 6 18] Hopkins,
R.378 w 2910 1 1M Gilkes & Co.,
1215 o "Tay Bridge.
1,000 . 20/0 0 38 2 150
. 9]0 0 2 7 100
Junel2 ;0 3§ 223 750
. , 300 . 1]o 1 212 300
U M 00 May20 fO 1'2 7 290
May 3| T LIS -|2J78 | 340 . 950 01 p 80
R IR R & June 14 |0 1.0 %0 260
' T Lo . 410 1 021 260
, v Aug:lo |0 8.8 97§ 1,790
850, 1215 0 May20f0 2 221} 550
! L " al. 0k _ 90
I PR June 810 U 383§ 210
.R. 379 , .| - 380 - - 7]0°1 312] 380
N | 8800 May20 |0 0°3 T 150
G Juse 4./010 ) 1 [ 2050
- 830 May20]0 0°'L 6| 50
: v b JunelF [0 5 ,210) &00
: 620{ May20§0 0:1 8| 50
X Coa . 8110 2:0 0f =260
' ; . June 8[{0 I 018[ 910
: . :,SQ'DI o, 1jo.5 218 ! 880
b ¢ 99! May 861 0 0,!%331, 70.
Y S . . w 1|0 01 i 6o
R ST Juneg4 |0 5 212 870
\ r‘.‘.. ;| 050! i f
TR SOV TR May20{0 88 8| 970
o o4 |.-hQQi { June 94 | 0. 012 ¢ 30
D }tr z] 709! "[Bept. 8|0 1 i1 &
o - e 2 I N
May 3 LR P;I?’; 59§ J June 90 38 ‘1311 750
O S - . 29 2.8 41__6o0 .




“xlii TAY BRIDGE DISASTER :

Copies of Hopkins, Gilkes, and Cu.’s Orders—oont.

5 | 5 g b Dateof
] BB . .. . .
.s, g N-“.m' __-‘5_%-5! Deseription. Weight. Pricc. ch;(v}:ry. Weight. Remarks,
-3 . AL
Q 57
ts.owt. qr. Ib/| £ # d. ts. cwt. qr. Jb.
1,100 cup. vivets, § in. by 2} in. Juge 7 (0 5§ V20| 1,100
2,150 fo. by 83 in. . 4|l010 3 41 1130
3,00 ,, in, by 24 in. . 9forn s10f s000 -~
00 ,  }inlby 2§in. Maysllo o0 119 80
R. 380 Jupe24 |0 2 0 9 240
- Lo Z jn, by 8% in. w 1|0 7 2 2] LI
1,50 ,,  }in.by2}in. May20 |0 & 2 H4 800
. 25[0 273 3 800
630 ,, Yio. by 2}in. , 22]0 1 113 320
: . mlo 1 o2 330
i £00 - 3im by 14 fo. June 24 [ O 0 2 26 400
1. £50 ,  inhylyin. Sept, 80 2 010
oo s ] 1me . Rimby 1o, Aug. 24 |0 1 0. © 176
THIGRE, 1878 s
. 2,203 . .
R. 2,931 { 170 §' in. by § in. couch June 23 | O P
1,128 serews, ,
4.582 3,000 4 in. by 2 in, cup rivets. w W0 7 8 6 2,100
2
1:,24.) q- 3000¢ , 2}in. . 24|01 011 £750
Fduey, 1870 -
5 2974 13,981 7200 ,, 2} i, rivets, 012 A July 7/013 2 0] 3,000
- o cnpheeds. w 7]0 2 18 600
S . , 13jo1l o 5} 2700
I. 418 ]| To be ad- L . 27|00 8 311 900
dreased i—| - - (9600 ,, 2% in. " . 711016 828} 3,800
“H, G, & |- _j4d00 , 2 o, . " s 171014 220 4400
‘|=. Co., * Tay 2,000 , 8 in » , 18010 021] 3000
- |- -Bridge,)" | -
" Avcuar; )
41873, ;
B 2,485 {8111 | 482 bolts, 14 in. by &} in. 019 0| Oet. 14 |0 6 8 9 260
1,251 :
+ ' 8q, rd. bex,
1,996 - holta, 1} in. by 47 iu. " . 2210 5 321 250
Nov. 20 7 8 3 150
. . 1lo 4 3 7 8101
e . , 250014 1097 §30
A W 49]0 6 015 250
Dee, 1]0 6 8 2 400
. 218 " by &} in " 0 7 3 3 |Completes,
I . ’ §q. rd. bex. " Oct. 2({0 5 2 5 214
- 1,176 bolts, 34 in b, in, o w 210 4 8¢9
, piaby st . 4|0 2 as} ol
. 90 » by 5¢ in. . 2710 8 1 2 500
Sq. rd. bex. "
SErrEXpER,
1873.
1487 2,622 3,226 | 2,000 3 in. by 4 in. snap- Sept.20)0 8 3 8| 2,000%
7. . head riveta,
Co 2,500 24 » " . 140 3 3t 1)
. 610 8 0 4] 1,600
14,000 2§ " " . I6{0 8 1 0 200
» 2810 7 116} 1,800
Oet. $[111 1 0] 8000
) » 160 3 v 8
: C w 3110393 1 ©
121,000 2% ” » 12 0 0| Bept. 14} 0 7 0 2| 1,900
N per ton. . 18|1114 38 6| 1,000
- . 30]0 9 111] g500
» 23{015 13| 13500
- 8810 3 2 2| 1,000
411 0 810 5500
w 186|017 923 .
3,000 1§ » " Bept. 14 {016 0 7| 5,000
w 3210 5 0 0} 1,800
Oet.21 {018 211
1,700 8 i " Bept.20 | 018 o0 18] 1,700
'1,000 ” » 7 9’ 0 1 314 1,000
1,600 3 » » » 30{0 6 114
n 38[0 8 320 800
£,000 24 » » » 20]0 7 1 8] 150
. . w 3310 8 2 M 500
sl g B00 R " " . [0 2 8 3 500
So-2,78y [3,308-22,000 § in. by 1§ in. eop 1115 0] Hept.20|0 3 326 1,300
R IR rivels. Oot. 21114 011 10,000
- 41011 0 7! 3,500
| w 21010 116] 8700
e . l2j0i4 2811 4,800
- - Lo o, 3%}, Bept.80{0 6 3 77| L900
| Ot 2]09 2 7| 9,000
n 12| 016 8 3871 4,500
n 2011 & 014} 6035

Sioet gty waaied o be sen W0 Tay Blge” tomorron

L MM s e 3 B an Pl PR T




APPENDIX.

Copies of Hopkins, Gilkes, and Co.'s Orders, &c.—cont,

] .
E E . . - Date of .
Oﬁdoer Namae. g g.g Description. Weight. Prioe. De.l.iv‘ery. Weight. Remarks-
3 . 2
S .
to.owt.gr.Ib.| £ 5. d. ts. cwi. gr. {b.
700 } in. by 1} in. cup nvets 1115 v | Bepr.3oj0 2 0381 700
Qcr. 1875, .
1! 2,805 3,360 | # in. by 2§ in. cuprivets -1 © 0 0 " Oct. 28f018 1 9
2 i " li ] -|1 0 0 0 " , 130 8 0 3
bsd i " 8} i -low o 0] ’
» 2 " -j0l10 0 0 ] ] " 011 324
i B, -lo10 0 o " w ow |012 815
4, 1k " .l210 0 o " » 3|1 v 00
w 321012 015
» 26 (01 1 4
Nov. 24 |0 12 1 O
p 281012 223
- ‘9847 |8,390 . o
A 1,000 § in. by 23 in. rivets, » w 3i0 1 3 6
e conntersank. w 1W0]0 1 2 0
1,100 4 in, by 3 in. rivets, " Qet. 27 v 2 0 84
countersunk.
_ Novslsm ) o
Y ggln 3,443 | 90,000 § in. by § io. rivets, ” Nov. 23 |2 4 0 4 20
) eup 2. per ton 1 6 2120 1000
12,000 4 in. by 2} iu. rivets,
copheada,
26 3,010
: 9,583 | §in.by 4} in. rlveta,cupheld c 38 00
1 io, by 8 in. " o 5 0 0
#in. by 2 in. " -]0i0 v O
Dee. 83(0 4 v 20
» 3o " -|0ol 0 O n 211015 312
» 2fin " -|0¥W 0 0115 0
. all rogod w 1{0 3 010
» 3o, " -j0 3 0 0 w B0 8 04
. w V] 012 2324 5,000

3,000 1 in, by 2} in. ,, -

1600 " 2% in. » h

1,800 sdin . 8|0 7 010

1100, 8}in. -

L300, 2§in. , - Nov. 8]0 5 1 0 ~

1,400 ,, 3ipo. , - n 3010 7 016

. Deec. 110 7 016

800 »  in. - Nov. 300 4 024

4,100 1§iu. .

4300 ,, 1l§io. , -

4,400 ,, 2in. ,, - Dec. 1 ({018 116

3,085
%0 3,354 | 440 bolts 1} in. by G in. long. 017 6
-Urgent— $q. heads, rd. necks,
Carriage paid, } ia. hex. Tock nuts,

400 bolts 1} in. by 6§ in. ,, "

400 ” " 4 i'n- » "

w00 » 4in, " ;.;, glg g;g 402

1,640 washers forabove ) in. " ,: 83 ({0 4 2 4

. thick, wanted imwediately, ’

8,544 | 6,470 1} in. by 4§ in. bolts, » o |0 7 212) 343 singl i

! . heads. O FETIEETE Brie ot
Hex. nuts, rd. necke. " 011 125

21860 ‘iin-bl" 5* " ”»

700 » 8 n This doen not
appear . be
properly m.rked
S e

e,
. 1,510, 6} "
1,120 by 1 in. 2*m 8q. " n 91015 3 U125
hud.l, hex. nuts, and rd, R
llaolm.byaim. N . BlO10 224
hmmtll, hex. nmts, and
-1
2501 in. by 34 in. sq. heady, " w w0 & 024
hex. nuts, and rd, necks’
. §50 1 in. by 6 in., with hex. "
lock nate | in. thick, and
‘ the other § in. thick i
. in.
’ 875 1in. by § In. T heads, . 910 6 8 0
h‘_ d.m L n 350
840 1in by 8q. hoads o 4 330
hex.w uta,m neokl’ : * =" 183
Q alo4.



TAY BHIDGE DISASTER :

Copies of Hopkins, Gilkes, and Co.’s Orders, &c.—cont.
] . . -
5 .§ . B
U_l\ﬂ:r Name. g%g Description. Weight. Price. De.lnmi\fery. Weight. Remarks.
- {=
O
ts.cwtgr.lb. [£ & d. ta. ewt. qr. Ib.
! ) 15,400 washers, 2} iv. dis,, 017 6|Dec. 15| 112 1 ©
' & in. for 1§ in. bolts.
3,600 4 in. by 8} in. for 1 " w 220 4 2 4
in. balts. i
360 } in. by 8¢ in, for 1§ in.
bolts.
3,553 | 500 1} in. by 44 in. aq, heads, "
hex. nuts, and rd. necks.
200 13 in. by G‘i " I
w00, 5 " ” )
401 in. by 8% hex. lock nuts » s 1610 1 01142
and rd. heads,
100 wasbers, } in. by 3 in. » et
for 14 bolts
1,200 washers, & in. by 2} e,
for 1} bolts.
DEc. 1875, |-
3 3,035 --| 9,966 | 500 couch screws, } iu. by 1 Soetd ,, 150 1 023} 500
=00 8} in. sq. besds nnd rd.
. 3,060 13,579 l,ﬂﬁoﬁin.bylzm.cupnveu ‘
’ . w 1 " vlv o 0
. 2 » 010 0 O
w 2 " 010 v O w 81011 U 24
. . 06 0 0 w 1810 6 180
n 8 ” 0 6 00 w 8]0 6 312
w3, o 6 0 0 . 18|0 7 018
i by 33 in. cuphesds; 0 6 0 0O I - I
. 4 " 0 8 0 0 m o |0 T 024
T, 2 " 010 0 U w o n |015 0 8
» 2? " 01 0 0 . 141012 216
w23 ” 010 0 0
” 3 " o 3 0 0
w 3 " 010 0o ©
n 93 » 05 00
- 6" 3571.[1,8001 ,, 2 » Mason. . 1510 8 286
o 1,800 » » w on |0 T 2 4
s | 850 " i " ”
1,000 » g'l 13 "
1 */18,680°| 11 jo. tex. nuts, untapped - {010 ¢ 0|1 t O Jan 010 v 0
': ‘ 4 » " =010 0 0|1 © Of. 010 0 O
14 6 - )3,689 | 7 in. sq. nnts, tapped -fo 2z 00 . 01 90 0
' " 01 019

(opins or-LxrTErs from Cleveland Bolt Company to
- Hopkins,. Gilkes & Co., complaining of Quality of
- “lyon.. -Sent "to- Solicitor, Board of Trade, by Mr.
° - " Hadland; by Letter dated 8th April 1880,
. LareetoH, G. & Co., Ld.
L September 26th, 1873.

T NTURMEN i
IFNTLEMEN, %rioe for the following :—

" ;- “PLEa8SK Dame your loweat

=7 152 hardi 14 m: by 12 £,
o 18805, 72 in by
' 13 in. by About 30 tona.
1§ in. by ,, |
) " li in. by 24 J_

{ vown quality; slao for best guality, nnd state how soon
you can deliver. .

© A.teply by bearer will oblige.
’ Yours, &c.

Sigped for C. B. & N, Cuo,,
JoserH PRESTON.

7!
2] ]

1]

. Owroper to H,, G. & Co,, Id.
N September 26th, 1873.
7 .152 beva 11 in. by 12 ft. best quality’)

- 128, 2 in by

. »” " Well rul]ed n.nd
18 -, ]* n. by " » "\
128, 1 in. by " " exact {o size.
- I ¢ in.I‘Jiy N .
st 121, 161, per ton d/d. here.

Tough and fibrous.
Delivery in two or three days from above date.
Sizmed for C. B. & N. Co.,
Joa. PrESTON.

Lerrer to H,, G. & Co. .
Seplember 30th, 1873.
ResrecTinG the parcel of 2 in. round iron which. we:
have to hand, we beg to nsy that a number of the bars are
4 in. too short, snd are co ently useless to us. When
we have got through the bulk, we will inform you what
smount of short barms there are.
We remain, &c.
Signed for C. B. & N. Co.
Joa. Pagatox.
P.S.—Sinoa writing the above we bave testad the iron,
and we regret to say that the rosult hos bean the roverse to
satisfactory, so far from being best, it is most inferior.

LrTrrer to H., G. & Co., Ld.
Dear Stas, October 1ut, 1873.
W are duly :n receipt of your favour of to-day,
snd regret that we cannot accept the bars referred to
at “ conumon *’ price, 88 we have o large quantity st
resent in stack, which is auperior to yours in quality.
on will plesse, therefore, replnoe the defective bars
. with “Best” na our coniract. When you:con--
tracted, the etipulstion was delivery in two or- three;
dsys, and on your ent to-us we:
are apprehangive of very serons difficultica if you do-
not relieve w3 at once. We have only had the 2 in.
round as yet, which is usaless to us.
Ba enough ty seo that the barg are well rolled
nnd.oigﬁbmu_a quality, ar -they will be refused by the
engineer. . ..

Be carefal aboat the lengths,
pleage

Youre, 4. .
Signed for C. B. & N. Co.,

Josxern Passrow.



APPENDLY, t

Lerrer to H., G. & Co. H, G. & Co'n No. C. B. & N. Co.'s No.
,Octottr):r 2nd, 1873. 906 May 193k, 1879. 91
THEe 1§ in. and 1} io. round iron sent from your works 500 § in. by 2} in. tivets, snaphesds, good
Inst night, aé par your invoice to hand this morning, hes i v qwﬂ;p > 8
not reached here, nor can we tract it between Newport and 4,300 ,, by 24in. " "
Bottle Houss Point. ‘ . . 2400 ,, by 2}in. » -
We are-teally pushed to the utmost extremity for this 2000 ,, by 24 in. Y .
-iron, . and ;miigt>.urge you to sscerlain its wheresbouts 2,300 ,, by 24 in, r »
without -délay; failing which the parcel must be replaced 6000 , by 31 in " "
hﬁmﬂdi_ﬂwlx’,‘ . . . Q,OEX) » by 3‘! in. ” »
. Onir ‘contract is very binding, being bassd on the time 150 ,, by 44 in. - "
named for-delivery by You, and we fear most serious con- 3,200 § in. by 1} in. " Y
juences. - i 3,800 ,. by ljin " .
e.truat you will realize the impartance of this matter 1,300 ,, by 2§ in. " "
to us, and:take steps nccordingly with promptitude. 1,000 ,, by?2iin. » "
, Youra, &o. i 4,000 ,, by 2 in. " "
Sigmed for C. B. & N, Co,, Signed for H., G. & Co., L.,
Josern PresTON. Roserr TRLPORD.
Lerrer to H., G. & Co,, Ld. —
GRNTLEMEN, October 3rd, 1873. .
" Tt creply to yours of ¥ lay's date, we will keep 1,002 June l&th,‘ 1874. 208
‘& portion’.of :the gin'. round &t “ common” price, but, 170 revets, § in. by 1§ in. soap.
having -a-good éupply of this quality, we cannot sccept e ,, ,, byZ2 in ,
_the w ole. - s * 25“) » ” hy 2* !-n- HY]
"-We ‘have been compalled to purchase at s bigher mte 310, ,, by2tim.
suitahle'2.in. for the contract, and, therefore, must request 90} ,,  , byz2§in. ,
you to cancel this size. 6400 , ,, byltin. ,
We fear our-clients will cancel the whole of tha order en 600 ,, Ain.byliin,
rcodurit of the delay which has atiended ito execution, and 200, , by} ,
- wé.Thst;impresa upon you the neceasity of sending us the 120 ,,  fin. by l{ in. countersunk
-balance of tKe iren immediately. 250 ,, ., by2 in. snap, :
- YO\L‘I‘B, &C. 720 »” » b! 2i in. »
Signed for C. B. & N. Co., ¥70 ,, ,, byQtin
. G. N. 120 ,, » by 2} in. countersunk.
Lxrrer to H., G, & Co. Ld. 11113?8 oo 'ﬁ}’ g: in. nap.
GRNTLEMEN, October 3rd, 1873. ! " Signed for H., G. & Co., Ld.
We have your favour of to-day, and beg to say that Hexry LEwIs.

the information conveyed to you by the Rallway Co., to
the effect that the trucks contsining the 1§ in. and 1} in.

round were put back into our siding yesterday moming is - : P .
_tota_lly-'untrue. 1,003 ;.?0) i,l’n. E; 23 :3 nv:tu, sn:p. ]
C You.rq, &0- 3 L] LY LY 280 1] by gt in »» »
Signed for C. B. &Y.l\. Co., 630 §in. by 24 in. "
: . ——— G.N. 3)140 ”» by in, ” » . 2
. - -.‘ . LEvTER t0 H-, G & CO., Ld. 340 ” by _in- ” ” - -‘ --.- ,_
DEAR-SIBE . . October 7tb, 1873. 230 jin. by 1§ in. ,, . counterunk . . -
" "REPERRING to the 1} and 1§ round iron which you L3270 -, bylfin. ,, smap. " . 0T ol
“have sent us, wo regret to find, on testing, that it is of 290 ,, by2tin. , w o
very inferior qual:z. and totally unfit for the purpose for 120, by2iin. ,, conntersunk.
which it.waa ordersd. R ggg ” gy %2 in. ., soap.
’ \ =3 » y e ’”» »

" Our order wes for “ Best” iren, and in your letter of

‘the 2nd inet., you state you are preparing iron of suitable » - »

quality'éxprujj for ua.y prepanng , 180 % in. by }g_ in. ,, countersunk.
Pleass understand that we reject the iren, and must re- 218 ,, byZim. ., snsp.

yueat you to replace it by another parcel of proper qudit;z. Signed for H., G. & Co,, 1d,,

‘We send; you samples of bars, which we ?mre tested, Tor Heyry LEwis,
your inapection.

"As we are already behind in our contmct, in consequence Cn
“of your. Qe):g;ryou will see the necessity of at once letting 1,004 " June 15th, 1874, : Ly
us have another supply without. & moment’s delay. 50 4 ip. by 2} in. rivets, snap; * V-

. ‘Relying on-your atlention, 2,610 by 24 in.
77 Weanrs, &e. o "50 , by2fim. . .
Sgned for C. B. & N. Col, 1 in. and § in. rivets, at 15s. Gd.
. p Jos. Presrox. 4 in. rivets, at 19s. Gd._ as per your
« Coe1Ep-or. OrpERS sent by Hopkins, Gilkes, & Co. to quotation of the 13th inat.
Clevelsad Nutand Bolt Company, Limited. (Originals Sigmed for H., @& 0; Ifx
ENRY LEWIa.

at Middlesboro’.) Sent to Solicitor, Board of de,
by Mr. Hadland, by Letter dated 8th April 1880,

H. 0, & On's No. C. B. & K. Co.n . ’
851 * May 11th, 1874 * N 1,212 July 28th, 1874. 49
8 cwt. of } in, by 1§ in. rivets, snapheads. Original order, 1,600, altered to
6 5 » bydin 2 1,000 countersunk rivels.

9 ,» » by2iie -
jli' " ‘n_ b’q‘“!ﬂ. »-

T %, i by2i »
— _-7-'.9 o » " be jn. PR
22’ » n(’byg in. ”
B A4 " " byﬂliﬂn e
11 Lk n . by 2§ ia, L 200 countersunk rivets, § in. long, Same
Q.- . » ”» -bya-lvyl- : . . tool we last. .
B gi}m- come 5 awte. of 4 in. by 3§ in: baite and nuta,
= B o 7wy comrmmon draw bolts. ’
‘N2 owt. wt 18, 10s. per’ bon- an per yo 2 gwta. of § in, by 43 in. bolte and nuts,
" quiotetion wivd to sinyple-iron: res oommgn dnw&'dam.»h‘ o
to-dsy. & - - i 5 gwta. of 3 m. cuntisd nufe, tapd.
~* Signed for H:; G.-&Co,, 1d,, S; for H., G. & Co.,, Ld.,
A 'M'l':’m‘.',l‘xl.mnn._ ’ viged | H : ‘R.

.82



lii

. H. G. & Cos No:
1,233 August 1st, 1874,
2.060 % in. rivets by 1} in.long, snapheads.
16.000 ,, » byliin. ,, »
B 1] b! 1* i.ll. ” »
N » by i'n- T "
3 2 Iom by in. ” »”
”» by 2 in' 1] ”»
LI 1 by 2‘* iIl. »n 1}
» by 2' 'i.'ll. » »
» by 11 in. panheads.
S " by 1* in' "
Signed for H., G, & Co., Ld,,
. RopeaT TELFORD.

August 28th, 1874,
1,700-3 in, by 2 in. rivets, snapheads.
350 ,, by2in. "
» hy 24 in. » »
100 ,, by3in. ,, ”
_+m--by li in. "
1600 ,; by 1% in.
100 5, byltin
5,600-%.in, by 1% in.
9800 ,, byl}in. "
13,400 ,, by l§in. "
300 . bydin. .
L000, . byliim.
300 ,, by ljin. "
300 ,, by liin, "
Signed for H., G. & Co., Ld.,
RoBERT TELFORD.

1,353

August 3let, 1874.
48 ‘Screw bolt enda.

—7 iy
Uk

. Nut will’be sent witk bolt ends at 4, per cwt.
T :Signed for H., G, & Co., Ld.,
' RopenrT TELRORD,

1,366

September 15th, 1874,
9,800 1} inch bolta to our iracing sent

August 11.
Bags to be extra strong.
Price 21s. per ewt. delivered at our works.
To be ciled and packed in bags ready for

igned for H., G. & Co., Ld.,
RoBERT TeLroRD.

1,440

* Copy:of letters attached to above order.
.7 September 15th, 1874,

- . “With this we to enclose your order
. -:for 9,800:13 inch bolta to our tracing at 2ls.
- -pér ‘cwt:, delivered here in accordance with
your.offer of the 12th Auguat.
- Of course you will ol the holta hefore
sending them, and pack them in bags, sy
-ciently stromg for their tramsit wilth other
goode which we shall have lo send lo the “ Tay
Bridge,” if this should not be within the
acope of your oﬂ'er,g'ou must please advise ua
at tlre'enrlieat possible to-morrow,
Yours, &ec.
Sigoed H,, G, & Co,, 14.,
Eocar GrLkes,

September 16th, 1874.
Please note that the order for 9,800 bolts,
13 inch dis. should read 9,800 bolts 1} inch
" dis. to tracing.
Signed for H., G. & Co,, Ld.,
R. TxrLroRD.

 September 25th, 1874.

1,250 } in. by 1} in. rivets, cupheads.
_ 850 ,, byliin. ”»
1,350 ,, byZ2in. ”
1;” " b!’ 2* in' L
im /] i 11

by 3fin,
Signsd for H., G. & Co., L4,
Roszzer TELYORD.

C. B. & N. Co.'s No.

474

617

721

783

H. G. & 0a.'s No.
1,528

1,524

1,525

1,529

TAY BRIDGE DISASTER:

O.B. & N. Oo."s No.

Septomber 28th, 1874, 797

6,300 § in. diami. by 2 in. long rivets, cup-
¢ heada.

540 "
8,830 ”
80O ”
3,000 »
4,000 ”
12,700 »

by 1§ in. ”
24 in. »
by 24 in. -
by 23 in. »
by 2" in. ”
by 2! iﬂ- »
by 24 in. »
by 2§ in, »
by 3in. "
»  bydjin. -
by 3} in. »
by 3¢ in. '
by 34 in. "
" by 3¢ in. "
Sigoed for H., G. & Co., Ld.,
Roszrt TELPORD,

September 28th, 1874,

850 § in. by 34 in. cuphead rivets.
B850 ,, by4in. .
1,350 ,, by 4t in. '

450 ,, bydgin. '
200 » by 5 in. »

10,000 % in. by 14 in. snapheads.

by 1} in.

by 21n. .

by 2§ in. »

1] by 2'} in' ”

Signed for H., G. & Co. Ld.,

RobperT TELVORD.

September 28th, 1874, 798

2,850 § in. by 11 in. panhead rivets.

1,650 ,, by 1} in. »

23,700 ,, byliim, ’»

2900 ,, byljin. .

4,500 ,, by l}in. »

Signed for H., G. & Co., Ld;,

RopmrT TRLPORD.

September 29th, 1874,

736 bolta, 5% in. by 1} in. square heads,
hex nuts, round necks.
176 bolts, 8} in. by 1 in. aquare heads, hex
lock nuts, round necks.
768 bholts, 44 in. by 1} in. aquare heads,
. hex nute, round pecka.
384 waabers, J in. diametor by % in. thick,
for 1} in, bolts.
4,608 washers, 2} in, dismeter by 4 in.
thick, for 1} in. bolta.
352 waahers, 23 in. dismeter by } in. thick
for 1 in. bolts.
21s. owt. all round.
Rigned for H,, G. & Co., Ld.,
Roseat Trrvomp.

Lzrrre atiached to the above order.
September 20th, 1874,

GeNTLEMEN,
15t rR;:;&nlx’zglo to c:ln: o:lde;al of Soptember

, for ta and nuts, euelulpend
"“T‘“"'T:fm“"w“ hurfmn:utho
people at Tay Bridge, s we believs only a
porgon of the order is required a¢ present,
we will write you again when wo receive de-
ﬂm"#ii’eu:ncham. ) oc of ‘ ber

e to acospt o Septem
14th, for bolta, ard herewith ancloss formsl
order for same, with the exeeption of -1,568
bolte 1}1in. by 41 in. ; we make thisu%ﬁon
because those bolts .form part of the 9,800
which yen have already conitrasted to supply.

Wa are, &e.
Horgire, Giixss & Co., Ld.,
: {Signed} J. W. Wirriams, -

798



Ronzsr Tx LYORD,
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APPENDIX,
| H56: 400N, C.B.&N.CosNo. H.G.2Co'sNo. G, B. & N. Go'e No.
f ' Qctobor 2nd, 1874. 825 2,776 May 3rd, 1875, 1,972
270 washers for 13 in. bolts, wanted at 3,800 % in. by li in. cuphead riveta.*
- lﬂsm " Y l m ”»
' 1,800, by 2%in. ”
. 2900 , by2in. "
: 1,000 » by 34 in. "
300 § . by 24 in. »
300 1 ja. hy 21i in. "
T Ag832 Signed for H, G, & Co, gg“fjd o 20 per uasation.
Ronnwr TELFORD. RoBERT TELFORD.
1,679 C October 12th, 1874, 863 -
. 3,:238 ¥ in. lgy 2} in. snaphead rivets. 2,778 Muy 3rd, 1875, 1,973
.3 ” y li In. »” K in. by 1 ts.
1,300 ,, by 2iin. " gﬁ i :’n b; 2imm cuph:ad rive
]pm » b! 2t " ”» 380 " by 2i . »
2,200 ,, by2jo. » 2200 , by2in. .,
llw)' » by m’ » 850 » by 2! n. 3
300 " !D. by 2 ln- 1] 620 »” by 2* m. I
-..300-1 in. by 2% in. 830 . by 3} in. ”
Tobea.ddrenedH G. & Co., 900 by 34 in. "
for  Tay Bridge,” 2,050 % in. by 13 in. »
At 137, 10s. a8 per your quotation. 970 ., by 21 in. .
Signed for H., G. and 300 $ . by Mdin.
Ronnnr Tm.ronn 700 . h 1§ in.
- —— b:gnedforl-l G&Co L4,
< 1600 - October 15th, 1874. 885 RoberT TRLFORD.
'-38‘ cwis, of 1% in. by ¥ in. rivets to sample
~.gant.
2 owta. of 2} in. by ? in. rivets to sample 2,779 May 3rd, 1875, 1,974
“sent, in. b iveta.
To be made from “Low Moor” iron ]"ijﬁi n b; g;‘:n.cuphﬂd‘ riveta
supplied by us at 22s. per cwt., rivets to be 2160 . by2im.
charged at 27s. 3100 ,, by 2} in. o
Signed for H., G. & Co., Ld., 300 by 2§ in.
ROBERT TELFORD le : bj’ 3‘ in. :
) L — 1,3“)*1]]. hy2i .il'l. ”»
" (December 4th, 1874, Orders for Bolts 140 ,, by 2¢in. »
Dol No. 15). ‘;38 » gy‘f! n, »
2,006 7. . Jauusry 9th, 1875, 1,293 350" o Ty T
Cwis.qra [bs.  (L914) 0 1
10 T 0 hex nuts, serewed for 13 in. bolts. 1704 o sbfgnji'For H., ¢ & Co., Ld, :
(534) .
2 010 lin. "RoBERT Ti::,ronn
364 wuhen, ‘-'? in. dm. gylg in., .
for 13 in. bolta.
mm f% gn. dia, ‘by  in., 2,931 June 21st, 1875. 2,208
. : or 1 in. bolta. 170 & in. by § in,
" 876 washers, 23 iv. dis. by 4 in., 3,000 117 pT 5o oouch serems.
S tapp'ed for 1 in. bolts. 3,000 by Rin.
I ) *» ’”
The above are moat ently wanted,
A].‘l invoices for goods supplied sgainst urgent’y
- .. tbis. order ﬂuc be msde out on “p"l‘,[.;au lundly have them put in hand “
“.forms, and have inssrted on each for “ Tay
Bhdga Works, " SIg'ned for H R% &- Corgu .-
Sngned for H., G. & Co,, Ld,, BE&T TELFORD:
H. Hv. THOMAS.
Cory of LETTEE. Memo.
Jenusry 9th, 1874, June 22nd, 1875.
Dear Sirs, RererInG to our Order No. 2,931, of
WE beg to accept your offer of the June 2lat, please cancel the 3,000 § in. by
26th ulto, to nuppl’; nuts and washers at 25s. 2} in, rivets, wo trust you will put the rest
per owt,, d/d. at Tee’s Engice Works, and - of the order in hand to-day, thst the riveta
wo- herewith enclose you the order. Weo . mey be forwarded to “Tay. Bridge” fo-
place it with you on condition that you will morrow wilhout fail,
give prompt delivery, us We are wanting them Signed for H., G. & Co,,
at once. Rosert TELPORD,
Yours, &,
. H., G. & Co,, Ld.,- ' .
{Signed) J. W. WiLLiaus. 2,981 July 5th, 1875. 2274
. in. by 24 in. cuphead riveta.
2777 Mey 30, 1875, Lo Laog by o4 oy cuphesd e
46,000 3 in. by 1} in. cuphead rivets. 4400 » 0y2 in, '
’ " by 1 ln » 2,000 by 3 in.
3 o ' To be deliverad here, addreased—
'2;703 - by2iin » ’ Hopitins, Gilku.&Co
.9,150{m 24 in. countersunk heads, at 12). Wiy, perton.  “Tay dg:."
{ﬁl\, 7] pnr quotation, half the Signed for H G. &
be delivered at onove, re- ‘Rosxer TxLromo,
ht woaka, :
&gadhr H.. . & Go., L.,

bag 11 T M Hop m-.e.m-.am”"&?' Shgro ivets, and each

g3



liv

H. G. & Cos No

Y11t

L6

3.6

“duod

3.360

$.190

11,443

' TAY ARIDGE DISASTER:

U.B.& N. Cos Ho.

August 4th, 1875. 2,485

492 holta, 1} in. by 6} in. long, aq. heada,
round neoks,
hex nuts.

by 43 in. ,, »

by 5} in. ,, ”

hy 4 in. ,, "

by 54 in.
24 in. diam. by

IJ% T ]
2- FI

90 "
2400 wuhers
14 in bolt.
3,000 washers, 2} in diam. by % in. thick for
11 in. boit.
At.199. as
addressed—*

Slgnec{

bepmnber 7th, 1875,
4 in. by 3 in. snaphead riveis.
w by 24in. "
» by 24in. "
» bv I)J' . ”»
2y b.’f 7“] »
,» byljin .
 in. by 34 m. "
. by dtin, "
' by Jin. 1
113 b)’ 2‘ . »
500 - » by 2kin, o
At 124, 10s. per ton.
‘I'ne whole of tbe f in, riveta and one-half

in. th:ck for

d m be pwked in bags,

G., & Co., Ld.,
RonsrT TRLPORD.

2,622

2,0
2,5
4,
21;

.V—

§$§§§§§§§8

1,
&,
1,
L,
1,
)

- of the 3 in. rivels at once. and the remaining
-half of t.he 3 in. in six weeks’ time.

blgnedforﬂ G. & Co., L4,
Romm-r 'I‘m.ronu
. Sept.ember 25th, 1874, 2,725
22,000 }in; by 1§ in. cupbead rivets.
1L000 ,, by 21in. '
700 -, by liin "
Urgently wanted.
Sigued for H., G. & Co., Ld,,
Ron:n'r Tu.ronn.

) October 13th, 1875.

l ton § in, by 8f in. cuphead rivets.

by 13 in. "

by 2% in, '

v 3 ln by2 in. .

' . by 2% in. .

» Tio. by 1} in.

- Signed for H., G. "& Co,, 1d.,
'RoBERT Tr LFORL.

o e

October 23rd, 1875. 2847
w. by 24 m countersunk rivets,
. by 3
Signed for H., G. & Co., Ld.,
Ronxn’r Tx:.ronn.

00 §
i

November 5th, 1875,
20,000 2 1n by 1 iu. cuphead rivets.

12,000, by 2} in.

Agmns!. contract at 111, 155. 0d. per ton.
: S:gned for H,, G. & Co,, 14d.,
"RoBRRT Tsuono.

- November 25th, 1875.
3 ewts, § 0. by 4§ in. cuphead riveta.

3,010

» 1 . by 3 in. n
10 » ¥ byZ2in. »
10 , , by24in »
0, ., by2ti »
5 s i1 by 3 m. "
3,000 ,, by 2fin. -
1,600 ., by 2} in. -
l'w) = by 1n, ”»
100 ,. by 24 in, .
l’m » b,‘zi in. »
1,400 ,, by3in. .
800 . by3pim. .
‘le 5 by ll’ in- »
vm b!-“m- »
4,400, by 2in.

S:gned for H,, G. & Co. Ld.,
Bonm anu.nn

H, G, & 0o. Mo,

3,044

3,553

3,566

3,573

Navember 30th, 1875.

440 bolts, J} in. by 6 in. Jﬂ 8. heads,
rd. necke, § 1n. hex, tuty,

400 bolta, 13 in. by 64 in. long, sq. heads,
d. necks, §n. hex, loak nuts.

400 bolta 1} in. by 43 iu. long, sq. heads,
rd. necks, t in. hex lock nuta.

400 bolts, 1} in. by 4} in. lon
rd. necks, & in. hu, lock nuts,

1,640 wnahlera i::;);do 43 thi
At l7s per cwt. u per sgreemont.
Sigped for H., G. & Co., Ld.,
"RosgRT T:Lvonu

November 30th, 1875,
6,470 1% in. by 44 in. bolts square ‘heads,
hex nuta, and round necks.

2860 13 in. by 51 in. holts, square heads,
hex nuts. ‘and round necka,

700 1} in. by 53 w. bolts, squsre heads,
hex nuts, and round necka,

1,570 13 in. by 6} in. bolts, square heads,
hex nuts, ancl round necks.

1,120 1 in. by 24 in. bolts, square heads,
hex nuta, and round necks.

1,180 1 jo. by 3% in. bolts, square heads,
bex wuta, and round necks

250 } in, by 33 in. bolts, square heads,
hex nuts, and round necks.

350 1in. by 5 in, with hex lock nuta, one
1 io. thick nut, other 4 in. thick
usual,

375 1 in. by 5 in. tee heads, hex nuts,
round necka.

240 1 in. by § in. aquare heads, hex nuts,
round necks.

15,400 washers, 24 in. dia. by ; in. thick for
1§ in. boits.

3,600 washere, 24 ip. dia. by  in. thick for
1 in. balia.

» 8q. heads,

C. R.&F, Cols Np,
3,036

3,035

360 wushers, 32 in. dis. by 3} in, thick for

1% in. bolta
At 17s. 6d. per cwt., us per ment.
Signed for H G. & Co., 5

B.onxn'r Tx:.ronn

« Novernber 30th, 1875,

50 holts, 1} in, by 4% in. long, square
g, bex nuta, round necks.

3,035

200 bolts, 1} in. by 8§ in. long, square

heads, hex nuts, round necks.
104 boits, lﬁ in, by M in. long, squnre
h.eadl, bex nuts, round necks.
40 bolts, 1 in. by 8 in. long, hex loek
nuts, round necks.
100 washers, 3 in, din. by % in, thick for
1} in. bolts,
1,200 washers, 2} in. dia. by #; in. thick for
1 l{7m 6301“
At 17s r cwi. ag per agreemant.
Signed for HpeG & Co. ,pid.,
RosgaT TrLromrD,

December 3rd, 1875.
500 couch screws, 34 in. by § in.,
bw‘h and c:;und necks,
& per pgreement.
for H., G. & Co., Ld,,
Ronxn-r Tu.ronn

square

December 6th, 1875,

1,260 #im, by 1} in. cuphead rivets.
10 cwts. 1 ip. by 1} in. "
10, » by 2 in. "

10 ”» ” b" 2‘ j'n' L
6 » » bj g! in' 11
& » ” '-"J' in. »
g ”» » b’ in' ”

» ”» b" in' »
6 »” [ b! 4 in", ”

10 ,, }im byZ2in, .

10, . byZm o .,

10 » " b’ 2* in. t »
b uw -wigd m-' ™

lo - s b’ )
b by 3¢ jn
Blgnod'ior ‘H., G, 5& Co. -Ld.,

Hewry Luwis,

3,055

3,060



’ © < APPENDIX. lv

‘B, Q& Ca's ¥o. - €. B. & X, Go/s No.
33N " Déoember-4th, 1875 3,063
1,300 1 in. by 24 in. cuphead rivets.
. B - ” . -by n, o
. 850 ». by 1 in' o »
1,000 -, by2§in. . .
Wanted at once.

. Signed for H., G. & Co, Ld,,
RoaxrT TELFGRD.

) January 13th, 1876, a
10 cwta. 13 in. puts, hex, untapped, 21s. (in
penail). .
10 cwts. 14 in, nuis, hex, untapped, 214, {in
pencil).
At 20¢.
Signed for H., G. & Co., 1L4d,,
Rorzer TeLroRD.

. 3,680 Janusry 14th, 1876. &
.. 2cwls: § in. square nuts, tapped.
* Signed for H., G. & Co., Ld.,,
RoserT TELFORD.

Decembar 4th, 1874.
2,291 bolts, 14 in, diam., 5} in. long, screwed,

1,762 . 1,181

in.
1,250 bolts, 1} in. diam., 5 in. long, screwed,
b 1

im,
With hex heads and nuts, each sup-
plied with one wnsher to tracing No.
5,766-
212, per owt. dfd. at worka.
These bolts are all to be delivered
- during the first week in Janusry next;
if you cannot do this, please return the
order to us. :
Signed for H., G. & Co., Ld.,
Ropear Trirono.

Corins oy sucH QUOTATIONB &5 were made in writing
to Hopkins, Gilkes, & Co. by Cleveland Nut and Bolt
Company, Limited. Sent to Solisitor, Board of Trade,
by Mr. Hadland, by letter dated 8th April 1880.

Quotations to Mepsrs. Hophins, Gilkes, & Co., Limited,
S March 20¢4, 1874,

"DEar, S1as; March 21at, 1874,
... . ConvigmMinG our “verbal quotstion to you this
. 'morning,. we beg to eay cur price for-50 tons } in. by [ in.
-bridge rivéta is 154 10s. per ton. Delivered at your works,
Usiial terms.
Yours, &ec.
Signed for C. Bj J;N. Co..

Dxar Sims, May 16th, 1874.
RErLYING to your favour of to-day, we shall be
happy to supply the  in. 5q. 8q. 8g. bolts at £7s. per cwt.
We oould let: you have them in less than a week from
receipt of order.
Yours, &e.
Signed for C. B. & N. Co.,
J. P

Deanr Siks, July 21st, 1874.
W shall be glad to book .your order for 500 # in.
double nuttéd bolts to_your. tracing st 25s. pér owt., de-
livered a% your works. .Usual terrs
Yours, &c.
Signed for C. B. & N. Co.,
J. P,

a

Drar Sima, ’ uguet 12th, 1874.
WE have to thank you for your estesmed inquiry

of 11th inst., wad in reply beg to suy we shall have pleasure
in aupplymei 9,800 1§ in. bokts to_your tracing at 2ls. 64.
pet cwt.; delivered at Tayport Station, near Dundée.
~ " If delivered here our price will be 21s. per owt. Trusting
to receive your commanda, :
- Weare,&0. -

Signed for C. % Glz,N. Co.,

Drar Sins, August 26th, 1874.

RxpLYING to your esteemed inquiry of 25th inst.,

we shall be happy to supply the helding-down bolts to your
sketch at 225, 94, per cwt., delivered atiyour works. Usual
terma.
Yours, &c.
Signed for . B. & N. Co.,
J.P.
Degar Sirs, September 3rd, 1874,

REPLYING to your esteemed inquiry of to-day, we
beg to say our present price for wmshers of the sizes you
name will he 21s. per cwt., delivered at your works,

Terme of payment—cash on 1(th of month following de-
livery, less 24per cent.
Awaiting the favour of your commands, whicb shall huve
our beat atiention,
We are, &,
Signed for C. B. & N, Cu.,
G. N,

DgARr SiRy, September 14th, 1874..
BEerPLYING t0 your esteenred inquiry of to-day, we
shall be happy to supply the bolts and washers you require’
at 20s. per cwt. all round. - .
Trusting to receive your commadads, and assuring "you
of cur best sttention. :
Yours, &ec.
Signed for C. B. & N. Co.,

. N.

DraRr Sins, September 29th, 1874,
WE shall be happy to supply you with ome ton-of .
1} in. washers, § in. thick at 24y, perewt.. .. . 2% o
Terma of payment — cash on 1Mth ‘month: followinir
delivery, less 2} per cent. ST -
Soliciting the favour owour order, - ]
o &re, &o., o
(Signed) C.B. & N. Co.; - ¢

Per RosErT llfi_\'.i‘.;

Dear Sins, UOctober 7th, 1874.
RErLYING t0 your valued .communication of the
6th inst., we shall have much pleasure .in booking your
order for the riveta to specification, st 13s. Gd. per cwt.
all round, delivered at your works. . o
Terms of payment—cash on 10th of month following .
delivery, less 2% per cent. Awniting the favour of -your
commands, :

) We are, &c.
{Signed) C.B. & N, Co.,
Per R, L.

Dear Sirs, December 3rd, 1874,
RerLyinG to your favour of to-day, we have nnw
the pleasure to quote you omr very lowest price for the.
bolta to your tracing, and hape the same will be satisfactory-
and enable you to send the order. Seliciting which, -~ .
We are, &c. o
Signed for C. Bj Si)N.' Co.,

14 in bolts, hex heads, round necks and hex muta, 5 in.
and 5} long, with weshera ¢ in. thick, to tracings, 21z,
per mc]:wt., delivered st your works. Terme of payment us
usual,

GENTLERMEN, December 28th, 1874.
Your kind favour, dated the 21at inst., only came to
hand this momning, in reply we beg .to'eay that the price
for the nuts and washers inquired’ about is:26s. per cwt.,
delivered at your Tees BngineWorks: ~Terms'as usual.
We wait the favonr of your commands, and ’
.. We remsin, &e¢. -
(Signed) - - C.'B. & N. Co,,
Per Ropxrr Lvy.
March 25th, 1875,
RePLYING to your verhal inquiry of to-day, our prices
will be a8 under:
Woodscrewn, 5 in. and 4 in. by § in. and } in., 2s.

er cwt.
W};aheru, 3 in. dis. hy } and 3 in. thick, 19s. per cwt,
Ususl terms, delivered at your works.

Dear Sius, April 21st, 1875,
We shall be happy to-supply you with 18 cwt, £ in.
hex tapped nuts, 289, E owt., and 5 owt. each ¢ in.,
i in., lin,, 1} in,, at 31s., 28s., 2Rs., 29s. per ewt.
o 4
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We shall also be glad to book your order for 13 tons of

good g.aranteed quality girder rivets at 1. 15s. per ton.
Hopiog to receive your commands,

We are, &e.
(Signed) C.B. & Co,
per R. L.

Dean: S1846," - June 29th, 1875,

" Wg-beg to hand you our revised guotation for 5
tons of 3 in, rivets, 13 in, to 3} in. long, delivered at your
works, being 121, 10s. per ton. Usual terms.

We can deliver this quantity in a weak or ten daye. A
sample of the iron atcompanies the ‘Puohtlon,
ours, &c.
C. B. & N. Co,,
Per R. L.

DEAr S1r8;- September 23rd, 1875.
Wi 'shall be happy to supply all the riveta referred
‘to to-ds§; viz; 30 tons or upwards (§ dia. snd up.) at
11, 15s:.per ton. Delivery to extend over tho next
thres months. -Usual terms.

Yours, &o.
(Signed) C. B. N. & Co.,
Jos. PrEgTON.

Dganr Sins, November 26th, 1875.
ANNEXED we have the plessure to hand you our
prices.for tho bolts named in your memo., and trust the
same will enahle yuu to ‘&lnee the order with us.
e are, &e,
Sigmed for Cj Pi’ & N. Co.,

.. ¥29. for.} in. bolts., sq. rd. bex.
Lo 18 forid-im .
C “ 5% 'in, couch screws, 25s. Delivered at your
works. “Térms of payment as ususl.

i L ' April 16tb, 1876.

“yin.by’1 io. cup rivets - 18s. 6d. per cwt.

Fin, by.6 in. " - 1. 6.,
% i by 14 in, sq. rd. hex. - 3bs.0d
§ ia. by‘li in. " -275.0d.
§ in. hy:2% in, v - 26s.0d.
4 in; by 34 in. " - 24s.0d.
# in. by 4} 1o, . - 5. 0d.
1in. by 4 ia. v - 2s. 04,

S June 2nd, 1876.
.REFERRING lo.our quotation of yesterday, we have re-
considered :the, matter, and shall be glad to supply you
‘with thé-rivets at the following reduced prices :— .
. 10°tensi}-in. girder rivets at 101. 174. 6d. per ton.
40-tony §'in: ' st 121, 10s. 6d. ,,
© . -40'tous § in. » at 121 102 1.,

Dql'iv'!:red at your works. Terms as usual,

"Dgas Sirg,’ June 8th, 1876.

" Asarranged this morning we Lave entered for you
50 tons of § in., § in., B} in. rivets for delivery over about
3 months at 10/. 12s. 6d, per ton, delivered at your Tees
Lugine “Works. Payment by your acceptance at 4 mm.
from 10tk month following delivery.

It i¢ understood that you do not ssk ua to deliver more
than 10°tnDa:of § in. against this contract,

Yours, &c.
C.B. & N. Co,
Per RomT. Lavy.

Dean Sina, July 17th, 1876.
Wz shall have much pleasure in supplying you with
33,000 4 jo.. by 7% in. cuphesd apikes, and 12,000 % in.
by 5 in. .pointed, st 13s. 6d. per cwt., delivered st your
works., ‘Terins of payment as usoal.
Avwniting the favour of esteemed order.
We are, &c.
Signed for C. B. & N. Co,,
WiLLtan MoTHREWELL.

Septerber 7th, 1876,

. RePERRING th our quotation of date, we beg to hand
an amended .price, viz. :—

© 10 ta.12 corts. 1} in. hex. tapped nuts, 22s. per owt.,
Epked.in'bam and delivered at your works, snd irust to

favoured with yoor order.
’ Yonrs, &a.
: C. B.N & Co.,

: (Signed)
' Wu. MoTHERWELL.

TAY BRIDGE DISASTER:

ACKNOWLEDOMENTS of kins, Gllku..&-co.fn'pzﬂm.
Hent to Solicitor, of Trade, by Mr. Hadland,
by Letter dated 8th April 1860,
[Lithograpbed forms with copy of orders at foot.]
May 12th, 1874,
To Hopkina, Gilkes, & Co., Ld.,.
ees Engine Works.
“ Rivots as per specifitation. Price 151 10s. per ton.”

July 28ib, 1874.
1,500 rivets } in. by 24 in. countersunk beads.
»» ] b! 3* i'ﬂ. n
5 cwis, bolts § in. by 34 in. 8q, rd. aq.
» 114 E) by iu‘ L] » ”
»» }in. hex nuta tapped.

LR ]

ot August lat, 1874,
2,00 § in. by 1§ in. cuphead rivata’) o

16,000 ,, by 13 in. ” T e
970 » hy ”w » 1 . o v, S
I50 ’” by 2‘* in, 1 R i L ;-_F,

25,950 ,, hy 24 in, " S 131.-10s. per ton;
450 by 2" in, » delivered. .

4,000 §in. by 24 in. .
2,000, by 2§ in. .
1,800 § in. by 1} in. panhead
2100 ,, byljin. ., ]

August 29th, 1874,
Riveta as por apecification.
Ta screw 48 bolt ends aa per sketcb, price 4v. per owt.
Teas Engine Works. :

September 16th, 1874,
9,800 1§ in, balts and nuta to tracings. Price 2)s. per
cwt, delivered at your works, to be oiled and. packed:in
extra strong bage. T

September 26tb, 1874,
1,260 cupbead riveta 4 in. by 12 in.")

850 " » byliio. |.q of .
1,350 . » by?2 in erma o .E::Sment
1,200 ” » hy2iin | 68 usual.

100 . »w hy3jin])

Septermber 28th, 1874,
Rivets as per specification. Price 131 10s.

H per tem,
delivered. Terms of payment as usual, .

Septémber:29th . 1874,
736 bolta 1} in. by 5} in. 89, rd. hex)) < - .
176 bolts 1 in. by 8} in. aq. rd. bex, o

lock nute - . -
768 bolts 1§ in. hy 44 in. sq. rd. bex

At 2e. per owt.,

384 washers J in. dia. by £ in. thick, & delivered at you.;
for 1} in. bolts - - - works., Terms
4,608 weshera 2} in. Jia. by % in, &3 usual,

thick, for 11 in bolts - -
352 washers 24 in. dis. by { in thick,
for 1 in. holta - - -]

Dganr Sirs, Septermber 30th,. 1874, -
Wr ore sorry we cannot comply with your requést
of the 29th ibstant, in reference to 9,800 bolts; az we.
have now nearly completed the forging of the whole quan::
tity. Had it been otherwise, we should have had pleasure
in carrying out your wishes.*
Yonr esteemed QOrder, No.
will give same our best attention.
Signed for C. B. & N. Co,

» i8 duly to hend, sad we'

[Lithograpbed forms with oopy of orders at foot.}

1,300 .. 2in. |, .
i gk o | e
2;2w ” b3'2 m ”» pﬂul’;l‘lﬂl-u #

1,000 » by 3y in.  ,,
300 ,, §in. by 2% in. "
300 » 1in. by 21 in. " '

To be addressed—H., G. & Co., for ¥ Tay Bridge.”

* This Tetter (s attached to the sbove Order,




APPENDIX,

- Qctober 15th, 1874.
38cwt.im.byl}m rivets, to sample Price 27s.
2 ewt. » 2* » per awt,

To be made of Low Moor iron, which will be supplied
by you at 22s - per cwi.

Jmuuyllth 1875.

’ lomlqr O}ba 1} in. hex nuts, tapped.
2, 0,.10 1 im.

364 washers 3 in. d:m.by«}:n thmkhyl}m hole.

184" -,, 2¢in. dia. by ¢ in. thick by 1 in. hole.
B76 . 2fin.dia. by 3 in. thick by 1 in. hele
Price 255, por owt. dehvm &t your works.

All goods supplied t this order must be made out
on separate forms, snd have inserted on each—For “Tay

Bndge Worka »

January 9th, 1875.
- We b so nooupt _your oﬂ'erof the %t.h ult., to supply
- OutE: ?mhm at 25¢, per cwt., d/d. st 'l‘ees Engine
'«Works, and‘we herewnth englose you the order,*

" "o Lotter attached to the abova Order.

Ivid

We place it with yon, on oondition that you will give
prompt delivery, aa we are wanting them at osce.
Yours, &e.
Signed H., G. & Co., Ld.,
J. W, WiLLriams,

[Lithographed forms, with copy of orders nt foot.]
Jn]y 6ith, 1875.

. . ) “Tay Bridge’
7,200 rivets § in. by 2} in. cupheadn y '

600, . by8tin. ::ml& bd. per
;,ggg v » '?.'1'2 in. Delivered a¢ your

X x » ys*m' »” worka,

Sept. 9th, 1875.

2,000 3 in. by } in. snapbead "i““-] At 121, per ton
;3,(5)6“6 2} in. l;y " » The whole of the
14,000 2t in. by ,, » § in. rivets and.’
21.&?3 2} im. by » one -balf of the
éooof m. gy*,;n » > {1 in. rivets at
> o0 ;in' ¥ . " once, and the re-
Teoo 3 or iy » " maining half of .
» 8. by .. » the § 10, in six
2,000 2} in. by ,, 0 weeks® time

500 21 in, by ., . J )




No. 16.

ResuLts of TEsTs made Dby Mr. KIRKALDY upon PORTIONS of the Tay andi:.:

i

‘Resurts of ExprivenTs to iscertain the ULTIMATR ’]'zsﬁii.t'.:s'im‘:ﬁoﬁ'_u'and Rates of ExTENeioN of _S:k 1ron BorTs and Nuts, ‘ﬁbeiied:per Hengy Law, Esq., CE

Lel::gth D im,’lfl’:i"“; Total Streas in Puonds—Extension Lnch. Ultimate.
Test | Dageri tw:e-n v ' L
N tion. | Head " Ex- Stress, Appearance of Fraoture.
0, = [~} " -
| Dism. | Afen, gl1& 18| |8l2)8|8t&8|[g8|818{8 |8 )88 touion
' sl =g |g |8 |d|I | s |12 (8|8 |35|85|8!|¢ Totl. [Persq.in.
0 inches.| inch, |sq. in. inch. Iba, lbs, | per ceat. per cent.
1483 | Unmarked| 8°60 [ 1:18 {1°003 | -023 | *027 | <031 | -040 | "048 | -051 | 057 | 062 | -087 | -071 | *077 | 082 | -091 | *106 { *}80 | +I70 | *281 | 40,610 | 40,687 45 Fibrous, 035 Crystalline.
1436 " 420 " » L0156 | ~020 ‘026 | ‘032 | *040 | -046 | <052 | 058 | 064 | -071 | c081 | -100 | a2z [ -151] 190 | — | -268 | 39,780 | 39,601 9, 3 "
1438 " 3-80 ’ w | 7017 | c02Y | -026 | -031 ) ‘038 | ~(M2 | '048 | -052 | 057 | 'OG1 | -067 § *072 | '080 | +090 | '108 { - | '188 | 39,610 | 29,491 v, 100 o
1484 " 880 " w | "020] rv25.| -030 } +037 | ‘044 | -050 | 056 | *061 | 068 | -074 | -080 | 088 | -008 § 118 [ — — | -128 | 28,115 | 36,006 0 o »
1483 ” 8-80 " o | 015 | 018 | -021 | -OR4 | ~028 | +032 | -038 | -044 | 050 | <056 | ‘060 | c086 | 071 | — —_ — | -0%7 | 35,735 | 35,648 o, 160 "
1431 ” 3:80 " " *Ol4 { “023 ) -031 | ‘04O | *O48 [ -052 | -060 | *065 | *O7) | -078 | 088 | * 104 | *125 —_ — _ 232 | 54,825 ] 34,720 a8 " 12. "
Memn -| — — — j-0NB ;032 | 098 | -0B4 | 040 | -045 | "U52 | 057 | -063 | ‘068 | *075 | r085 | ‘098 | — — — | -179 | 37,806 | 37,692 a0, 55 »
Tons. | Tone,
169 16-8
H. C. Roruery, Esg, F.L.S, M.RSL, F.HM.S. Davip KiRxaLDY,

President of the Court of Inquiry,

Somerset House.

99, Southwark Btreet, London, 8.E.
2]et April 1BEO.

: TIINWRE Bparad LVL
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Resurts of Exunxumu to ascertain the REsratance to Ex-rgumou and Rupruse, under [ gn.dunlly mmued Purtinc StrEss of Tunnn ok Tik-Bass hmng Coumuo-!..mxs

lﬁ.nohed thh Com.ns, rece:ved ‘per Hefmy le- Esq., CE. . . R
\ . . . T.ota.l Skvess ou Link in Pounds—.lixtcnqnun Inuh. Ulti- Ultimsate Btress. | -
: 'l;;u Nmn;r %m l?c::;l § ﬁ roate o Position of
0, umber, , Y =] B E=] ] -] g g ‘Bxten- oo Fracture.
sions. | Arca. 'ﬂ,ga § g. §_ §_ § 2 g_ 218 é 8_ §_ =4 é §_ g_ é §,_ g §_ § g_ §_ g §_ & | sion. { Total, Peir
| §efle =gl |3 |gld s |d|3|S s |s[T [ |g|zis|a|2|2|g(s s
: |
-
o inches. [sq.im.| in. . inch. [ lbs, 1be
1413 | Unmarked | 4-47 x *51] 3-279 185 7{- 070,  090,* 109|- 1281 |50T‘17l < 190[ 210- 230, 355 280|* 300, 326|355, 378 408, 490|* 460;" 486, 525" 570 620 €80|' 788 — | — | 0-76 { 56,692( 24,675
1417 » 447 x +51 2‘979: 12537113 *148.4177 ‘lé& "211) 229 246{- 260|280 J00y 320{ - 838]* 360 J80|" 400 420{ €50* 485/ - S2I[- 570, 625(* 688 - 810" 9001- 982 — | 1-12 | 59,534 26,118
1419 " 4-50 « -48) 2-305] 195 9(* 100, 149, 218 246 '2?0]'290 ~B20{* 342{' 370{* 356; - 428} 460,498 - 525( 560, 598, ' 638 GO0, " TI5|" 788/ 8HC 911" 9T -0 — | — ] 1-16 | 56,488{ 25,618

(0 l==)

Tent No. Test No,
Ist Experi- 2od Expen-

Sumsany of Reavirs of Seconv ExPERIMANTS to ABCERTAIN the QuaLrity of the lnon.

" 25
" 15

ment. ment, o

0-141) 0'1416 Bar broke with _99,'alolbs. =43,795Ibs, or 1955 tons per square inch, contraction of aren at fractvre 10+ 83 per cent, exicnsion 6'6 per cent,, fraclure 70 per cent. flbrous, S0 per cent. erystalline.
0-1417 0°1418 » 107,680 Ibs. = 47,248 Ibs. or 21-09 " ” 17°87 N 12°8 " 76

01419 0°1420 » 105,430 Ibe. = 48,374 Ibs. or 1981

é 9

N N 1555 " 79, 85

H.C. Roruzry, Enq, L8, MRS.L, FR.MS,
President of the Court of Ingquiry,
Somerset House,

”

Davip Kirkavoy,
99, Southwark Street, London, S.E.,
22ud April 1880,

| L) b



Rzsuvrs ot‘ EKPERIHINTI w0 merh _ ;the Rxaun Nc: w Ewnulou and Ruering, undéra grulually ncmscd Pum.mu» STrESRS of CoLum.-Luos nmched mth Bowr to TIB-B.III.S wnd’ Coum.mc Links
AEIEUERRIEL PSR O R and CovLpATé): reCede per’| Hsmn LAw, Eeq.. CE.

. oo ‘ "+ Tote) Stress onrl)ug'u wiid Links it l.’ou.ndl.— Extension Tiich. R Uit'v Ultimste Stress.
Teat . N T e L= | N N T TR T o1 -l 2t el o0 = . . ol e o ol mate - L
Descriptiuat. - =R e 1g B3 2 1: clg | 2 2 T i 2 poeae | When | When | Position of Fracture,
" No. § §. 8- i g... 8- g- :‘§_‘ 8- §-i' . §- §.-.' 8— °§‘. §'- §. 8. g-. 8. §_‘ "8, ’S_‘i‘lg "Efwnr Llll.kl IJI.IB’ Coo ..'J' .
: (Sla|2el2l8 &I [& glE[F|S|FI9 38 |al3]g g el broke. | broke.
t . - . LI i o et .
A . I ! i _ , ‘ . |- I o ]nch. § the. | lbs. -
1365 | No. 4 bottom |“RlJU[_ .0913.,19’.;64 *191|246|-203| 855)- 428{-464]- 512}~ 35| 624/ 662(- 725,-764[ B0 ' Ba4] 891948 — | —{ — | | | — — | .gz6 | ~ | 46,888 | Two lugs, unsound,
1 ' ’ and bolt broken.
1865 | Do, 032,078}~ 100]- 198 160} 180|208, -320|- 255|- 228|- 506|- 33| 362 -398)420)° 452) 488|" 820.° 552 - 586\ 639684 - 750834} — — | ‘862 - 56,124 | Two lugs, sound.
2 (Third logs brohan when reod ) ' . 1
1372 | No. ¢ bottom lugs -us(]-oao 1106] 185{* 1651 186" 200|331  NOG| - 276|* B02|"829)* 851]- 375 +400]' 431|- 456 490" 521 -558) — ' — - - | — | — ..} 568 -- 48,292 | Do. do.unsound.
] !
1373 Do. do. do. do. |*0631-085|-128(- 154|-178(' 204]-290,-238|  280: - 805}- 336, 360" 8B~ 415, * 4401 471" D06 B4Bl — | — | — \ — = == — | 509 | 45944 | 45944 | One do. do. and
1 ) ) ] l o) one link at hole.
137 | Deo. do. 087" 071|107 ~lsol- 156|° 180{- 206, 232|256/ 984/ 310," 334/ 3GY}- 397 - 425 - 462" 500} 538{-570-615{-65% — — — | — ) — | -709 | 50,848 | 50,848 | One lug, sound, and
. I one hak at hole.
1859 { No. € top luge <1981 141]- 160, 184{* 200" §34|- 245|* 204, 288;- 312~ J36|* 866~ 390, 425{~ 455" 482{- 520]* 550;* 590} 628 -G?B,-nal-']ss *833] — | -e88 | 59,452 - Two links nt holes,
1 l ‘ ! : 58,992 | Two lugs, sound.
1388 | Do, do, -143|+ 172 -194|-215 264 -292|»305 +328(- 361|380, 404, 430, ~4eol'431 *516;° 550)° 578{ 619|- 652] ' 630] '728'\-7551 —~ | == 1748 - 55912 | Do, do.
: | |
1389 | Do,  do. +121-138]" 150, 182] 186|°210 - 2897 251|* 278[* 291|320, 344} 368,891 - 423} 455 484}~ 516, 548!- 581(- 627" 660, 700" 742 841] 844 | 60,044 [ — Two links at holes.
d - o ‘ 2,480 | Two lugs, sound.
1 : )
1878 | No. 7 wp lugs 084|076} 094(* 125]- 144{* 180|* 198]- 28¢|* 258]* 276" 314~ 338|- 36§ '39(7'_414 *440 4T20 5040 538) 572612 60U — | — | = | — | -890 — 88,128 | Two luge, sound.
1
1378 | Do.  do, do. do. [*060[ 078> 106] 180" 160}  190{* 217|- 248|" 266{- 290|*820| * 344- 370y" 896, 41| 448|488 515]- 554|- 593 644} 683} 785, 701} 826} 675, *912 — 80,715 | Do, do.
[ _ A R
1378 ] Do.  do. - 080{- 084} 129{* 154,"178;°212 -2461'270 -298]- 22| 360|- 389]- 420§° 444‘ 487]-506;" 538~ 560)-608]" 690! — | — | — | — | — | — | ‘663 - 9,184 | Do, da.
8
1884 | No. ® top luge 10651 000|* 114|142 170" 2 -2351:-274 310 348, -375‘-416 426 47al 508|' 550" 588 610,-647,°675,-704] ~- | — | — | — | — | *736 — 51,794 | One lug, uosound.
1
1884 | Do.  do. da. do. -G8 1001 1%7{* 150{- 178}-200]* 2801~ 234|* 280(: 304 380, 356+ 378 409I 485°450] 476 500:- 588!+ 560! 590;- 6281 5 51]- 698} T30, — | - 7853 — 58,588 | Two luge, sovud.
s ‘
1384 | Do. do. i-oosl-oes " 118{- 148" L7 204 ‘2301]'260 28 315) 245 '373"4\36 rml 454]° 472} BO4| - 534] 556 '588]'625"060]'688 g0l — § -t 748 — 67,488 | Do. do.
3

—G

H. C. RoTKERY, Bag., F.L.§, M.R3L., F.RM.S, o Davip KiExaLDYy,
President of the court of Inquiry, < ' 99, Southwark Street, London, 8.E,,
Somerset House.

30th April leso
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N et

Cn Lt e e R et TR EE, e T s L G T T G LTV L L T P T
R -EXPERIMENTS toancertain the .-'I'_m'vin'u.x SraeNoTH And QuALITY. of the IRoN ueed in. RIVETXD GiRDER, marked No: 10, received pet H. Law, Esgi; CB..
. PLhanh e o Fretoo 1.t g Mpigatd 5 e Z B S A O - R TR . v l,Ae--“,-.rr RN Per
; RE " " ‘I oy % K T K IR S o CERA I R AT I . . :-_‘.“‘. A ..:‘ - 2
N _ Ultimate Streas. g Bstf;ufnpcf " Bxtension in 10 - s A
: [ YR ” T . R . . L PR
_ E‘;’? Deseription — . —— R ~Differenceé. T : . Appesrance of Fraoture,
- Bige. Area. | Total. ‘ * Pﬂsqmgl\:::of Bine. Arer. Arenl Per Cent Fractored | 3ok | Per Cent. ‘ ' e
Lt . R T e RS PRI T R . X
0 inchea. [eq.in.| Iba, Ibs. ' Ibs.  toma, inches.. | sgiimc 7| N[ - Ibs, e . ‘ tu.ll Lo
1807 =] 2°00x%-83 | "780 | 40,108 | 514181 . 100 iu. 1795 %54 *663° | 117118707 ., 0:98). 98 .i.| Fibrous, 25 per cent. crystalline.
1896 || §ide mel {-— do. do. | 41,810 59:901.} 53,188=38'8 | y.g5, .4 | 63 | -117|15-0) 1070 | 1398 3 yignig-s Fro-g-} Fibroan Jper ¢ e i
1890 plate + o do. | 83,865 | 42,1347 . 1-99x 87 | 786 | -04d4 5-0} . 0 18| 1oy . LI "
1400 + do. do. | 28,710 43',917}"'“7""' 1991 1 j.gex-87| 736 | -o4a| s6f 36| 49T looe| g6) EEL O s " b
11:3; 812 - 2-00x:88 | 760 | 43,180 55,496 55,313 =24'6 ) '.95 x :83 :643 :1[1 15:3 } 15°7 65,683 1:08 10:3} 16:7 43 per cent. Abrous, 55 parﬁ?nt. crystalline.
; e web | — do. do. | 41,905 55,138 1'93 x 88 637 128 | 16-1 1411 | 11*1 Fibrous, 30 per cent. crysinlline.
1408 plate + do. do. | 83,645 | 44269 ) 1'09 %87 [ *736 024 | 8:11 o, v 18 1'6} e w 10, ”
1404 N do. do. | 39210 | 43607 $43988:196 | o0 sy | c736 | capaf a-1f V[ 48T doogd pegp ! S -
1403 —| 2°00x-41| 820 | 36,165 | 44,108 ] ) 1:93% 38 | T4l 079 | B+4,,. 061 | 617 ., 0.
1408 } Tong top [.— do do. | 37,370 | 45817 }“»9"“’“’0 Vol rogwesr| 710 | om0 |3-4} 10:9 1 30,816 | .49 s-s} 74 Do.
1407 plate + o.. do. | 29,865 | 36420 . 1'98x 40 | -792 - 028 3-4} . o2z | 221 . °.
1408 + do do. | 300020 | 37,707 [87008=16C | .58 .s0| 702 | -028| 3-4) ¥4| I g 2-9} 25 Yeo. W
- . . . . . - f . . i . .
}ﬁg [ 2 Og ® 43 | ‘840 | 44,800 | 58,440 51,044 =337 1.96 ® -37 .725 ) 115 l?lﬁ} 96 56,529 0.74 7'4 g9 | " per cent. fibrous, g? per cent. cryla_)ta ine i
- 0. do. 40,865 48,648 1'98 x 40 792 048 57 0-33 2-3 75 ” " L3 " n Deflcient welding.
1411 Practured | + do. do. 39,180 46,6307 o oer 918 1'89x 41 ‘816 034 | 28] 4.4 qon8s | " 1; al ., 72 per cent. fibrous, glg per cent. crystalline.
1414 plates | 4| 2-00x-38 | -760 | 87,315 | 49,008 [ " 1-99x+37 | 736 | -024 | 31 ' 01 17 f " " 5 . W
1413 —| 2°00x-87 | 740 | 38,080 | 81,472 o4 1-08 x *85 - 698 047 ﬁ-s} . 023 | 28 O LI o B, »
1413 ~| 9-00x-38| -760 | 39,510 | 51,086 }51,729_23 Vol Joosx-86| 713 |-oa7| 61 FF) 19 g5 2-7} 4le S i
1443 . —| 2:00x-5% |1:100 | 56,420 | 51,250 . 197 %31 1004 098 | 8771 ,,. 058 | 58] .. |10 ” o, "
1444 D'p onel {- do. do. | 57,805 52:550}“'”0"” 2| 1oaxca9| cos1 | -1a9 13-.',} 1) 58,437 | .96 9-0} T 0 . A "
1445 H + do. 0. 49,855 45,822 | 1a. 1°99x-54 | 1-075 035 88 . 0-12 I-B} . 2 " " " e
1o |j N3A | do. do. | 47.710 43:372}“’3”‘ 190 | .99 -55| 1-004 | -006 o-a} 1'3 | 44,981 | .09 09 10 1gs S .
1805 ~| 8:00x-34 | -680 ) 836,885 54,2427, 4a. 1'% % -37 | 499 -181 | 26-6 1 . 1768 [ 16-8),,.. 180 . "
1896 } Angles {— 200w -85 | -700 | 36,505 | buera[8RO0=33T a9 he| 605 | -095 13-5.}20 O 8657 4y ll-a}” Olas o S .
[ 1}
a-1493 o B-14il
1] o
deooq |9
o
CLELLS 00 C d lo
ofglooo | {o orie
u 1408 0-1407 01440 493
AVERAGES.
—_— pers g;? Eh. Contraction, | Extension. Fracture.
Jbs.  tons. | percent. | per cent.
Plates, lengthway ... - |81,192=0289 84 114 - 7-1 67 per cent. fibrous, 33 per cent. erystalline.
- Crossway - - ‘- | 48,186 =19-38 32 17 88 » " 12 »” "
Aovgles, longthway - | 58,260 2377 200 140 8 , . 12, n

H. C. Roryexy, Bag, F.L.8, M.RS8.L., FR.M.S.,

President of

& Court of Inquiry,

Somerset House,

i

. Davip KirxaLpy,
99, Southwark Street, London, 8.E,,
. 3id May 1880,
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Resurte of EXPBRIMENTS to uoertam the numnnc: to Exrsuslon and Run-uan, under & aunuu.mr Incnnun PULLIHG Srm:ss of Tures Inox 'l‘:r.-Buu; hn.vmg Courprina-Likks
. " attashed with Cortreas,. rommd per Henny Law, Baq, C.E

‘ . bes.u-l Total Strese on Link in pounds.—Extepsion inch. Uitimate Stress. 3
Test | Liuk Qriginal { Sec- |tween ) N ' ' U"ti; A
No. |Number ‘Diimen- " '_iional C°':1" e : Et::en ) Position of Fractora.
sions, | Arean.| ow clolole e - o i '
boi- |88 8 51818/8/8 /818|888 8/2(81218]8(8(8 8 8 8 818 "] mom |Pece|
bolea| 2 /8 S fe |2 [J)8 (2|8 |0 |S)8]I S| | |d|F|¢|g|2|d|F|5[=]|S o
0 inches. |sq.ins, inches.' jnch. | Tbe. Ibe.
1425 [Unmarked] ¢-67 = *31] 2-279) 126°0;-091(' 115" 140 168, 102;- 20G|- 252, 261]- 2847 300}- 826]- 358} - 389 - 414] - 405] 48} 516] 549, 573 *594| 627 669~ 710|778 -846{-072| 1-21 | 60,056 | 96,841 E B
L437 do. 447w ' 51) 2-279 lhE"l“D'?J 098 112]- 129 - 150)° 167|188 217] 239, 268! 300, 333! D65 - 400] 446 492|542 588 644{-711{- 777|'870} — | — § — | — 1 1'02 | 55,994 |23,68] § |
1499 do. 4-47 = *50] 2-235] 153-7 -060/-090;* 111,195, * 160{* 176]* 200} 280, 250! 280(-811! 354 * 890, -428|- 460(- 501| - 544)- 580, 621]* 672" 740{-808(* 877{-080, — | — | 1°14 | 87,688 |26,811 §9
| !
Continued from Heport dated 22od April 1880.
(Cl=> >
Test No. Test No. Sumsany of ResuLts of S8aconp ExpERIMENTS {0 ascertain the QuariTy of the Inon.
1 periment. i .
st Bx eat 4rd Experiment . Per cont. Per cent. Per cent Per cent.
Q. 1425 0. 1426 - Bar broke with 105,330 1bs.=- 46,217 1ba. or 2063 tons per square inch, Contraction of area a4 Fracture 15°70 Exteusion 11'7  Fracture 100  Fibrouws, 0 Cryz-tnlllnf.'
Q. 1487 Q. 1428 - do. do. 91,820 lbs. = 40,289 lba, or 1798 tons do. do. do. 13-42 do. 66 do. a8 do, 1 do.
0, 1499 Q. 1480 - do. do. 108,130 lbs- = 45,095 lbs, or 20 39 tons do. do. do, 13-02 do. -4 do. 50 do. 30 do,
0. 1431 n.ue(ll in lteltiug 0. 1422 - do. do. 100,170 lba, = 43,102 1ba, or 19°24 tons do. do, do. 10°15 do. 78 do. L] do. 15 do.
eclomn .
0. 1438 Report 30th April O, 1434 - doo  do. 111,410 Ibs.= 47,028 Ibe. or 20° 99 tous do, do. do. 8:18 do. 76 do, 3 do. 93 do.
Half tie-bar labellod No,. 7 Q. 1448 - do, do. 119,520 tba. = 48,416 lbs. or 21-61 tons de. do. do. 12443 do. 10-1 de. 75 do. 25 do.
bean - 103,897 lbs. = 45,194 lba, or 20° 14 tous do. do. do. 12-15 do, 89 do, 72 do. 28 do.
Brought from Report dated 42n0d Apri). Meau - 100,970 Ibs. = 44,772 Iba. or 1998 tons do. do. do. 1448 do. 87 do. 77 do. 23 de,
Total Mean - 102,433 1bs, = 44,948 1bs. or 2006 lona do, do. do. 13-381 do. 88  do 74 do. 26 do.
-

H. C. Rotusry, Eeq., F.L.S, M.R.S.L, FRM.S,

Premident o! tho Court of Inquu-y,
Sommet House.

Davip KitaxaLpy,

99, Southwark Btreet, London, 8.E.,

4th m; 1880.
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. ] Tt i . TR Ll Ter o gLttt e e e
Summary oy Resvits of Experiugnts, under ‘Puiiinc, THRUSTING, aid ‘BeEnDING STREMSES, of - SPECIMENS cut out of Bro

RO

’Eﬁ".‘_CAgﬁr-lnou CoLumns, reoelvedper Hxnm_z" 'L'A'y:v,fl,!':oq., C.E.

: ;8 Bend'ing_‘ Btvess,
Cut out of Colamn, i - NE T R I Ultimate A * Biress, ~  Uli-.f
Diamoter. | Area. | Stress. | Fracture. | %’:l Diametor. | Ares, | Length. | - Btress | Fructure. gﬁ: o BD! | Spaa. |-—— ﬂ':;‘;_ Fracture.
per 1q. in.’ per 8q. in. Breadth.| Depth. Total.| Pet | tion.
' ‘| BD?
) inch. | #q. in. Tha, 0 inch. | 8q. in. | inches. Tba, 0 inch. | inches. Inches.| Itw, ‘ Ibs. | inch.
1354 1128 | 1°000 | 19,445 Sound. 1857 | 1-00 2:00 | 400 20 |¢,621 1,155 | *184 | Sound.
No. 1, 18 diemeter 1856 1'128 | 1°000 | 200 77,620 Sound,
1955 do. do, 19,255 do. 1838 do, do. do. | do. [4,501 1,047 | *128 | do.
1380 do, dn, 22,065 do. 1363 do. do. do. | do. |5059 j1,264 | -327 | do.
No. 3, do, 1363 do. do. do. 77,390 deo.
1361 do. do. 22,105 do 1864 do, do. do. do. 5,189 {1,297 | 138 do.
1368 do. do. 19,655 do. 1369 do, do. do, do. (4,556 11,199 | +136 | Slightly unsound.
No. 4, do. i 1368 | do. do. | do. 76,840 do. |
1867 do. do. l 19,810 do. 1370 do. do, do. do. | 4758 | 1,184 | -142 | Sound.
’ |
N 1872 do. do, 20,820 do. 1376 do. do. do. | do. |4,691 ;1,158 . -128 | do.
No. 6, do. 1374 do. do. do. 74,720 dn. !
1378 do. do. 20,708 do. 1377 do, do. do. do. | 4,638 1,159 128 do.
1879 do. do. 20,110 do. 1882 do. do. do. do. 4,621 Jl.lbﬁ " 189 do.
No. 7, do. 1381 deo. do. do. 77,880 do. ; I
1380 do do. 20,040 de, 1883 do. do. de. do. 13,817 ¢ 934} 111 | Unsound.
1385 do. do. | 23,040 do. 1388 | do. do. | do. | do. {8,206 ] 824 | -082 do.
No. 8, do, 1387 do. do. do. 79,070 do.
1386 do. do. | 92185 do, ¢ ’ 1889 | do. do. do. | do. [4,708 |1,177 | -128 | Souod
1890 do. do. 20,205 do. 1398 do. do, do. do. (8,189 . 797 | -0?24 | Unsovnd.
18" dismeter 1892 de. do, do. 78,550 do.
1891 do. do. 18,185 | Uneound. ! 1894 | 4o, do, do. | do. |4,982 1,245 -182 | Sound,
Mean - 20,479 77,524 4,474 11,118 { -123
]
H. C. Rotnzny, Paq., F.L.8, M.RS.L, F. pemoe | Davio KirxaLpy,
President of the Ooul"th:f h?q:'i;,l? RMS. R LI 99, Southw;i Street, London, 8.E.
L]
Somerzet House, I"' = = 5th May 1880,
BENOIN

'XIGNAJIY

mxy



“lmiv - TAY PRIPGE DISASTER-

North British Railway Com , St. Fort Station,
J anulyry %rln gBO. .

Liar of Tickxrs collocted off the 4.15 p.m. train ex Edinburgh last Sunday night.

Stations from Silllgie. Si:snng?e. Si.:glle. Bc:::rn. Rga:}-n R::'n '(l%;ou:l'

- w; Croes, Lendon - - - — - 2 - _ —_ —
- Bdinburgh, Privilege - - - — —_ - — ! — -
S P N T e O RO
P Y I T O T e e
ﬁuﬁﬁalﬁd,‘bﬁhﬂy - - - - - - - - ] —
Dysart ; - - — ) - - — -
Kirkcaldy » - - - —_ — — —_ -— 1 —
quio‘ " - - - - - — —_ — 1 —
Ladybank " . - - - —_— _ Q — —_ —_ —_
Newbargh - - - - — —_ —_ —_ —_ 5 —

Abernethy w o - - - - — - — - 2 —

. Pemh ” - - — - 3 — 2 9 —
Copr -, - - - — — 7 - 1 —
Dn.u'm " - - - — _ — — —_ 1 —
Bt. Andrews - - - — — — - — 1 —_—
Leuchars . - - - —_ _ 7 —_— — 1 _
St.PFort - - - — — — _ _ \ -
_ —_ EE - 6 26 57

" Boniden the tickets collected, | issued five 3rd claas tickets to Newport, which were aot colected. The collector states
that hie examined s few Bronghty tickets, five or aix, and two season tickets.
: : ’ {Signed) Ropr. Monnis;

‘Agent.

LONDON:
Prioted by Grozae E. Eyan and Wiiriie Srorrswoons,
Printers to the Queen’s most Excellent Majesty,
Por Her Majenty’s Btationery Offioe.



