
No. 1. 
APFQINTBIWT of the Coar~rss~o~ass by-the BOARD or TRADE 

. ...~ 
- > - : i ' , - W n s & ~ s ' - b ' ~ & e : ~ o ~ i  .-.; . of Rsihaya Act, 1871, i t  conferred upon them by the said d a c i t i d  Aot, do henb 
: rs pEi@da.tKs the Bmrd of Ttade may direct RII in niry direct a fomul inreatgation to be held ihto the canka o l  

b:bemsde by an inspector into the cause of any rci%ent, and circumstances attending, an aceident which took place 
ofwhiah nat~ce is for the time being required by or in pur- on the railway bridge crossing the Firth of Tay, on the 

- ausnceof the rk&Aot.to.be sent .to the Bo* of ' e d e ;  North British Railway, on the twenty-e~ghth iudant ; and 
add w b ~ ' i ( n p ~ r d d @ ~ b a ~ B o a r d  @ Trade, ellher before do further, in pursuance of the power! wnfqed  b the 

o r +  therw-+ement - of sny such inquiry, that a-  mid recited Aet, hereby appoint.and dire& Henry cakocran - 
:.morejfom~~l iqe!sshgation of-the accident. and of the Rothcr , Esquire, Wreck Commissioner, C!lonel Willlam 
aa[iseC.,thb-f, .md  of. the circumbtancra attending the ~ o l l a n i ,  Chief Inapector of Rsilways, and WiUi'im Heniy 
sune, a u p e d ~ e n t ,  the B m d  of W e  may, by order, Barlow, Ea uire, President of the Institute of Civil Engi- 

-dirk# su* invedi ation to be held: And wh- i t  is by neers, to ho?d the said formal investigation. 
-ihe.same-.~ctifur&er provided, that the Board of Trade Given under my hand this thirty-first day of Decsmber 

.-may,r.Ff&e-Bdmalor. .... ..,. ... any aubaequent &r, d k p  the 1879. 
: ~ ~ u I I ~ ~ ~ ~ w . u ~ ~ : ~ u ~ & ,  ;nt~pendiarg magktnrte, metropolitan (Signed) T. H. FAEROR,; .. : 
';-pol1~mwg18pate~=or other peen or persons named in the (lecntaryto the Board:pf l'rade.. . . 
:*., ~m~erbr.:&ij&&&kiut to hold the same : Now. (L.s.) . .  . . 
.&th&fo&the~Boiu . -  .. o f  ? M e ,  in pursuance of the powers 

.. 
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No. 2. 

-Ii%rEq with INSTRUCPIONS, sent by the COUKT OF INQUIRY to Mr. LAW. . . ,~ 

- .  
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.~ - l. WWW &,.ipaGif m, what ssthenta have fakm 
phDb ih em t t+p :bmt r sen  pian No. 27 and No. 42. 



TAY BItYWE D18A8TER : 

. No. 3. 

P&T,REPORT to tbe Com~ssycvkm@ for .& ~ A ! f  -E CASUALTY, by HNBY h, 
Memb. Inat. . . . . . .. . C.E.-Dated . . . l t h  April 1880. 

Twthe ComitesIoNsas for the TAY BRIDGE CABGALTY. 

5 & 4& Qnem AnneBs ete, . 
G & ~ L & S N ~  W d n s t r r ,  9th April 1880. - INobed@~ce to the inatrumibns oontained in  pin 
&mn&i@iiin~of .&e -%d of January 1880, I have new 
the honour to lay h+ on the follomn "port, emhndy- 
ing the infojmntion w d  Ihave  b b n  nde to obtain upon 
thaee -mstt&' rP&h have s -bearing npon the e m &  
which ~ c b d @  the Tay Bridge on the night of the IBt 
of Demberrr1879; 

X 
IdI-Al&e a i t h  your subsequent inatrudiona, in the 

l ~ t t r e p o r t  I have &fined my attention exdnsim&.to 
t h a t p r t i q n  of ,thZ. brvpe which bw fallen, and for the 
kakeirfbrevityhd dibbnctness I have nmittoddl d m p m  
to: those.. detail+nd particulars of the atmEtun,  whlch, 
dtliough:th$y.r1;1.y.:have an important h a r i ? ~  upon the . . -~ 
q u e $ i d n ~ o f - , ~ ~ ~ n s ~ ~ & o n ,  have no connexlon 4 t h  the 
uaysc, of.the-catastiopbe. 

The hfid&kd&itr~!oted, mnsiatd of H5 @pens, namely, 
2$ ritill,st~ding:u' on the fouthem side of the river, vary- 
in", ?pan fr+ 6kfeet to 146 feet. l3 apana which have 
fdlcn,-~d,44'st~l-&nding on the northern sideof the 
riwr, and varyingin span fmm 162 feet 10 inches to 28 
fcet 11 incbek 

I t  will "&she n- to refer to the wnstrnction of 
any other p e n  of- the standing p& of the bridge + 
iokd thityobpnna irmodistely cqtig!mus to t h m  whrcb 
hav+Uen; 

~ . T h , ~ ~ ~ & t $ f ; ~ u g h t  imn httim,girdm, rrstini( upon 
ple~;+;of;wh&us aompossd of ay ovrt you W~~I IYUI ,  
bi&d.-,itli--~jglit imn stru(r and &a, nating upon 
i~UX@tibq:@ib;,a£ 'Z?wmky,hriokwark, and conueta. The 
io i i th ims-Gin  115- feet. and the northern span IU 162 
f&i@;ac~es.~Ii&i,pird&~IisB 16 f& 6 inchea in heirrht. 
aiid.th&d&tan?~."g",&m:~~be , ,ytlh,-tm~..~ to m t r s  varies from. 

.m+ o m e n d s  to 14feet 10 inch- at the & t:,&tG~@lG .spans. 
. ,., . - 
.'l%& gird* k t . ? & - s e v e n  crst iron mllera, ktiog 

npon &sed;inUrtac~ on. Ohiek arst iron banag ,plates, the 
rollem .h&n&hwoUd flanges to .un as g~rdem, hut 
$here being.no;attwhment b-n the m and the P pi+ The'@&?oFthe%?se(Iirdas an etmngt e n d  to enable 
them to:carrg, the- ends o f t h e  h v e r  &em which have 
falllh,,fcirining. F-.table or,nhelf npon which the latter 

e r a r ~ i e d q t h l e e  B n t ~ o b n  m l l m  being intvpoad to 
to Ypend C, .M-. T*. m b r n  

Seie'..pe~ m$lflange.s snn~lllr to thoae below, but 
t h & ~ i . , n b ; ~ i i t a c h m e o t  between the u p p a  and lower 
ai@+i;:, T h e i G ~ r i g h t e n d s  of the LOWET ,girdas aan 
s t ~ d i d < b y ~ i & ; , ~ ~ ' w m u g h t  imn p d e r s ,  one at 
$6c:toi1':.inv:tlie'other:at the bottom;with d i a g o d  tca 
imn.<ta< #. .. '. , :; . . L . . . . . . . . . , - ~ .  

In the portpn of -the h r i d ~ e  yet h d i n g ,  the mils ut 
carried u k n  transverm t i m k  b a  laid npon che upper 

of the girdem, hut in the portion which hss fallen, 
the & .were cnrried apon f ~ s -  wrought iron beams, 
resting npon and aecurrd to the lower booms qf the .. .. 
girders.~ ~ ~ ~ 

Thi?-I&&h M-ths:bntion of the h r i b  which hss ih. 
is 2149. feit.;&ndi'ati& o f  three a&te eirdm, the .. ...~. ..-., 
ioutlmnmost one b e i ~ ~ P . 2 2 5  feet in -h, h b d  into 
6ve equal s+s, k h o f  246 feet. the middle yirder being 
744 feet m length, divided into four spans, of nhich the 
ts% onwr on& M ead, 2L1 feet. and the two imer ones 
csrh ?A5. f ~ ,  a n d  the< northemmoat girdet which le. 
divided ioto f ? ~ r  'eqiinl spans. ench of 245 fed. It dl 
thub h that the fallen ortioo of the bri@ consided 
nfieleren - s p i n ,  eseh of %!feet. and ~ Q M  apans a& of 
!.V f.et 

The fallen portion of the hrid consisted of wmught !? imn httim ((idern 27 fed in heig t p b d  a t  a distanos of 
14 feet 10 inches .put from centre to c e p k  The upper 
and lovsr b o o p  rers,$mj h n g  csoh 2 feet in 
width,'ana between 15 an iochen m depth. -The girder 
over each span NUI complete within itself. the vuticd wda 
hei of s m i l r  seotion to.  the bwms, onlr  18 inohea in 
wis upon the face; tbs iatdioa ham, ahioh:had, only s 
tensile stmin to ae&,ponaisted of Hat bars in 
heing riveted to ench side of the booms; thosa,wK,"$ 
in corn renuion conmated of Z shsped sbuta, p l w d  he- 
tween t!e sides of the horns, and a e c u d  to them and to 
the tensile bars at tbeir ipttxwtiona 

The upper haoma arere b m d  by t r q n s n n  
iry b a  with dhganai .+p. The laJway, w a ~  . w e d  
npon tmnsversc m u g h t  von 5h-bellied @dars.abwt 
5 feet 5 in&= a w ,  which feaed ,upon the upper side of 
the l w e r  bmnra and being nveted thereto served ss strnh 
to the irdera, the b i o g  heing render& camplate .by 
d k p n e f  angle imn a*, amsuing . t h o u  h the cantre of 

P f  each al-ate twwverne girder. I n  o er to leasen-the 
transverse s h i n  npon the bottom bmm.,susyanaian hrrs 
of wmnpht imn were attnched to the latt~ce hare a t  their 
inbrsectiPllsandiveted at their lower extremities to the 
aides of the b m .  

The various p& of theae @m hsve #been cuefully 
to the w e d  Btrsina to whicb they had to he 

ayoeed, and na the edq.s@uphe..did po$oemlt fmm the 
hhrw of t h m  &&m. i t  is not n&(w more nartlenlarlv ~. . " ~ ~ . ~ ~ - .  ~~ ~~ ~~ 

to de&be them. I t  ,a. hm-,desinhle mske a; 
ohnenratlon with referewe to how f a r e d  diviaion should 
he repaled .e having formed a continnous firder. As 
k l v  mentioned, emh girder wan complete in i s d f ,  and 
the &m of thesc sepante giniers were connect?d by 
wvm p1-a with the intention of making them mntimu-, 
aua; hut in the faea of the evidence given a I)uodw, of 
the manner in whlrh these connexions h e m  the gidern 
m msde, 1 do not think that tJme diviaiana can he 
wnnidemd to hsve been continnous in such a manner ss 
to pmduec an iaoeaaed prennure upon m y  cd the pim.  It 

a t a d  hp R'illiam Owm'lQucstinn 6.4941 that.thc ,.. 
arnnecting &er plates were tenporaril e&d by Bervlee 
bolts, whxh were afOerwards m o v e B  and replaced. hr: 
riveta; the bridge in the meantime b e i i  used forithe, 

w w e  of heavy bsllaat trsins (Questrons 6.M- d.* 

9925). I t  is true that the ends of the,g&das had-@. 
originally nised before the cover plate? were: :~l tdion; :  
hut it  must be &*dent &B$ nodntrnin e & . - - ~  wonW 
~ m d n c e  continuity in the @em In the denae,non:&d+i 
eousidmtion quid h v e  -td, f6r if i t ;w . i t  wnuldhsvee 
been qnite irnposs(b1e to have removed my of the - 

Judging fmm the pcuiion of *he hedge whid~ ia 
ipg, % P b t  +~appeara to hava bq.I, v,erfE.Fafully 
w s h c k d .  TherPlla.arn Lid upon l o n ~ t u d m a l  t i m b m  
or my-beams. l 8  inches wide by 16 inches in depth, the 
1Pi18. themealvea m of 75 lhs. t o  tbe yard. with 
grid rails of the same +ht'and muMd, both mils 
heing Maved in t h e  samed&r& w W  p l d . 3  feat 

; a at wnm@ Lw tie bar i s  slso.intmd4 at 
nms of about 19 feet epsrt to pmevva the line in. 3 2  

P y r e .  
The Worm o f & b n d p  wa fnrmed of anka4 inohm 

in t b ~ c ~ ~  eo~wd Pnth q h d t e  and W& a few incbss 
of b d l u t  W a p ~ a ~ 5 a .  



Width Description of bx4n.g 
€ 8pm. l onpiar. 

R 
S qllm 00 l o w  gkdm 
Balhrs-onpier. 
8 mhrs on pier. 

2' B o h d  to top.ofpim. 
m 8 roUers an pier. , 6 &em and an expsnslon 

Joiat. 
8 bllers on pier. 
Bolted to top of pier. 
8 rollem rm pier. 
6 ioU& md an erplnmon 

joint. 

. -&gtIadn ..&piecea, 2fat i n  height, for the raeeption 
2 t h e - d o l ~ i i m ' d i ~ ~ ~  saoumd tq the 'en,.ssch pika ha&g 

. foni ~~~ldi&onh~ b&i @g tfmaKb the upper two 
Oouraa of-~hasonly, esch of which ass 15 inchea in 
thiikineea, 

The s i ' x c o l ~  were rumnged in the form ahown upon 
tlie plnn,Dtawing Su .  l, W ss  t o  form two cluatem, each 
triangular on ,plan,and hnving no other oonnexion et theh 

..,~iplter erhmitib .begoud the struts sad ties. The t w o  ... ~ ~. , - ertreme~oh6urs-mp1ked 1 a n d  4 on the inn were each : . i.$ iiiTdi&tei, q d  indiaed i n d  a t  the 12 
- i%h+ in:theh iGb6k b i g h t ;  the other four c o l u m o 8 ,  6, 
iind3.5,iwke:eaeh l5 inahas iu diemetex The stood in 
--;i&cal p & n e n . m  to the  d i d o n  of the h & ,  but in 
.thoee :pI+as 2 :and 6, and3 and 5, W- emh lncl~ned 12 
ixichaa t o d s  esch other in  their whole height. 
. Each cohmn nao a r m p o d  of six tlan ed ipee. mn- 
&d r t  th& join* with eight -et b&, ULdl If 

l i-nohas-in diameter. Each t r i m - d r  clueter ass sur- 

. M & ~ . . & ~ B B  &e brid&:the ~ o e l l u I s r ~ e m  ,-, 

.eq+ll~did.atfrab . . ~  tka oentmd the hp m l m s  1 
2 a d  &.and 3 '4-and 5, atd-ouneequendy We m a r e  oi 

:&&~lof~l td, td , td ,br i&e . .. ww.borne halt hy d - 
IH-in&colt&ri; @d one-fourth by each . i m  16-inch 

.aiiola . 

beef ar possible, nod to avoid ns Par as can be done ihe in- 
troduction of teebnicaliriea. I shaU bere confirss myself u, a 
ststement of raaults, boi for pour information the mode of 
striving a t  thoa. reuulta is a&xd in the form of nn hp-  
pendix. 

The four form to whcb the e$metune ass liable to be 
exposed ware thosc resulting fmm change0 of .kmpemw, 
from the weight of the structure itdelf, fmm the weight of 
a paasing train, and fmm the lateral p.eaaure of the 
wind. 

For our p-t inquiry the strains produced by & q e s  
nf tempentnre m y  he dkmgarded. md tbose p u l t i n  
fmm the weight of the ahnctureitself, orxvhen:joade?l:~itfl~ 
a train, are very easily meertained:.;~~&~;~f6r::th2,, 
m a n s  aLeedy e.te.ted, that no addlho@rs+n ib+3:.< 
d-d upon any ef the 'em in cwsepuema of tti~i'&nti:; 
nuity of tbe girdem, .w&lassuaunp s t ra in  vith t&i.Gi&ic 
m d  oonditimrs of that which kU with thebtidge, &Iy 
having Q weight, including the paaaangera, of 120 tone, 
and supposing it  to he placed uvcr one of the piers in the 
position whwh would produce tho.heavipst pressure, I find 
chat the structure alone would produce, a mmpresaive strain 
u w n  the 18-inahwlumns of 1.47 tons. end unon the 1 6 4 ~ ~ 1 ~  ~~, ~ ~ ~~~- . ~ .  -~ -- . ~ ~ 

columns of 1.06tons to th square i n c h j & d  that with 
the twin over the p m  theee strsins would be incraasedto 
1.84 tons on the I s inch  wlnmns, and to  1'110 tom on the. 
15-inch columns. 

There areso many,d~btfulelements,-the+um of which 
hare to be assumed m attempting to  determine the amount. 
of the strains to which the several p* of h p i e m  would 
be erposed byihe &on of a powerful wind preeaum, that 
i t  is impossible to arrive atany positively dehnite repult. 

As regards the actual pressure of the wind upon the 
structur* I have dopted the =me views as thoae taken by 
Dr. Pole and Mr. S-, name1 , as regHds the l a t h e  
girders, for the windward prdeder 7 have d e n  the e n t k  . 
area of the outerfsce, including the way-besma.end jaili;: 
for the leetmrd girder I have taken only the s u r k - a b o v e  
the level of the roils, and I have supPosrd that the +niT 
would only exercise hnlf ofns force against this aurface, in . consequence of tbe sheltu nfforded by the windward 
girder. As njardn the train, I have deducted the 
surfwe of the leeward girder which it  woul abetter, and for 
the train itself l have only taken half the muud surfaoes. 
and have reduced the p&ure of rhe winds bg aslrth, thai 
beplng the ertrot to whlch the tram would he sheltered by 
the rvindvsd mrder. 

'?'he -U ih.e. i hwe h- i s  tbe effect 
whch che Wmdw'&d *.in &e %ht uf the 
r u p e ~ m c t u r e  upoaths windW.ml lud ,  sed to r-ang 
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to determine. 
If for a moment it  isassumed that the pier msy, by v i n w  

of t h ~  synum of bracing, he mns~deml as rigid wucture, 
and the e5en of the bolt. in hold in^ down the columns be 
d i q d e d ,  then the wind pressure r e q u d  to overturn 
the atrueture, b o u t  the east 18-inch column as a centre. 
woul~l be 96.38 lbs. wtrhout any m i n ,  and 3PGY ibs. on 
the s q u m  foot, with a tmin over the pier. 

Rut, nnformnatdJ, the piers must have been v? fu 
fmm being rigid suuctures, in conseqsence of the mper- 
feet mannvin which $he shuts  and ties were connected 
with th'e columns. The struts wnsinted or channel imnr, 

'placed hwk to back, with the lug of the wlumn behveen. 
and mnncetid theherewithby two Ihinch bolts a t  u e h  end; 
the  holes for theholts wtre cast I t  inches in diuneter, and 
bang muph sod larger than the bolts, and the ends of the 
h t s  havingno beiring eurfsn u, ahut against, the struts 
themelves wem' only Rtained in their positions by the 
pincbing action of the holm. But the eccurtty thus afforded 

: musc have been very d+ght, because owing 10 inequuliti~s 
iu the surfaces of the lugs tbemselrea, and to the fact tlhat 
in ?me m rhe holes m the shuts had been muglllp en- 
k q e d  with s blunt tool so se to Leave s ,btur ,  the sctual 
bean'nc surface of many of the s h u u  agunst the lugs wss ~ ~~ ~ ? .  , 
very-small. 

, A a  ~ g a r d ' . t h e  flat ties, when the structure wnr first 
&cted: they , w e m  ti htened up h means of gibs and 

:brit&& hut:bkibe to t%e dots in the f, am against which the -~ 

gibs and W& bre being rough, and thegibs and cotters 
BIM roupblg. forged, and,, further, owmg t u  the holes m& 
in the i u a n o t  beinrr obndrical, and toasmewed bolt being 
.i&d W &urc the id, of the ties instesd of a pin, the resl 
hcaring surface was exceedingly small, and a comparsdvcly 
d k h t  sbain would suffice to crush the edge of the Lde in . ~ - ~ -  
thelug iiito the thread of the m ~ .  

I r i r e f ~ n c e  to the tie-barn it should also be observed 
that tlie bearing mrface of t h e g i b  @nat the dot in the 
h& aps quite m,&equste, for while the area of the s d o n  
of the bar expos~d @ s tensile strain wea 1.625 square 
inchesthe biaring surfaoe of the gib being in  compnomon 
should have an a m  of 1.86 sqnminchee, whermn it  had 
only~a s"ifi&:of'q375 square rnches, or about one-fifch 
&the:&%ii;ehgtx.of the bar; 
;F+ .?h@ ~g~pk+anna i t  would MUlt that s l a + l  

l i ~ ~ : w w ~ $ t p e ; . ~ ~ ! - n s  ~ u l d  p d u c e  m w ~ c n t  :in 
,~;~~&~~~~:t~~.:~ulting'.in t h e  tter b&ming nkek.. 

vement +illy,did take p+, in W e  S.tbe: 'ti <:.I;a;al& .; 
. .. ~ . .. -..> u t ~ ~ ~ d ~ n g ~ l  found-paek,na piece~.of,:~$wn<a.- . Quarterrof :.F ?lneh.m thickness had- been inl&luced? 
'hetw$en ttie!@>S. and cotters, and on inquiry I leainell 
' ttiaf them had beenintmduced from time to  time since the ~~~~ ~ 

opening of the bridge. 
Emm .the Bccount. which have bmn fuminhed to me it  

appssre that about 160 of these phokingpieees wex inserted 
in  the ties-between the middle of Oddar of 1878 and tha 
time of the-bridge falling, md tbt the n w t y  for tlmu 

bcfom:the.-bridge had hem 0 ned tive munths. 
T@wiwumsts@e clearly a h m  that tk mupt have beem 

-B wnsidkable 'rsckinp! movemat in the p i a  undsr the 
naited action of p+ng t~+s andwind, er+ 1 armDt hut 
mnnidq p i n t a t o  the primary a w e d  the dlrsltei. 

Em the rleckening of t h e e  ties and Nuts m& tha 
-d .of thrt d l o n  u p n  which slone Zhe. 
of the struW to d& .bang overthrown 'by a 

p m m  depends. And it is tu conceive that a ntqm 
of the vi&ntab& of t h a z t b e ~ t h  of lsst Dsnmhs. 
wwld produce such movements, in tbe c o n d o n s  &'these 
atruts and iiea with the ;eolnmna, M wodd m d e r  tbe 
cqhzmnn unable to sustain the additional might  of the 
train m d  the lateral esnre of the wind. 

An examination ruins of picr No. 92, W n q  chat 
over which the train was situated when the stmeture fell. 
indicates that the wlumns doubled up about their joints 
as the lower lengths of the westward 15-mch columns wele 
p b e d  over to the west, or in the r e m e  direct!on to that 
m whlch the mt of the structure fell. A s i m h  action 
in pusbin back the weatward columns is seen in p i m  
Nos. 36.38 m d  40. 
The present state of piers Nos. F and 31 affords wn- 

clusive pmof of U WE?$ pmnt exintmg in the atrocture at 
the time of the overthmw In each of those piers, namely, 
in pier No. W a t  the level of the top of the second tier of 
eolnmns, nnd in k No. 31 at the top of the lower t i e ;  
for the strain a t  t i e  point of fnctnre WP. in,the,-former 
Gene only +%ha, and in the latter cane G l y  :the of:the- 
strain a t  the base of the pier, while thwreticallg,$he' 
strengths of the pier a t  the h e  and the points of fmture  
were the same. I t  is clear, therefore. that the ower of 
mistance of these two piers had bean rednoel at. the 
paints of fracture in the caee of pier No. 29 to the extent 
of ths, and in the csse of pier No. 31 to  the extent of cth, 
of tkeiz normal power oirseistnnce. 

Considering that thecolumns are 76 fe8j in height, +t 
with a wind pmsure of on1 20 lbk on the,squ+!fwt;b 
=sure of 3 7  tons win Be thrown upon the:eiitwnrd. 

!&inch column a t  the time of the passage of the G n ,  and. 
that a horizontal p m m r e  of 374 tons is acting agaillst the 
top of the column, it in easy t o  conceive what must have 
been tlie inevitable mnsequenoe of any shkneas  on.the 
part of the ties. 

It is alao neeesssry to point out that o w i q t o  the double 
mglc whloh the tics by which thq 18-inch wlumna;are 
b d  make, with the direction of the f o m  anding to 
overthrow the struUure, the efficiency of these ties is re- 
duced in the mporbion of 1 to  2'73, or to little more than 
one-third of i e i r  full &@h, and that-any Congatiop or 
movement of the be6 would allow of newly thmetiines 
that movement in a horizontal dindion in the poidtlof . . ~ .  
thecolumn to which they were attached. 
' 

T h m  are also other cimmstrnoea in wnnnion  with 
the construction and workmanship of the bridge which 
undoubtedly wntribnted to the catastrophe. 

The mode of securin the holdinlpdom bolts WM nnt 
nmtidacto~, as thsy &no anchor-plate or haaring a t  their 
lower extremitias, hut were merely insertad in n hole drilled 
thraugh the two 1 S i c l i  courses of stone, and were $hen 
run round witb cement, and M the anale of taper of the 
w n i d l  head was only G! degrees it is evident that a very 
di ht compmsion of the cement would all?. of a..mn- 
siferable movement in the bolt i some p f . t h ~ s  holt+~rig 
evidently yielded M much rs M mehea -m,  sqwing~do-%ii 
the bsee piece a t  the end ion  of the bridge, and inlom oi  
two cases the atones hsve been burnt hy the d g e  @ion^ 
of the conics1 head. It would have been hetter also if they 
W been carried to a greater depth, sa M to have had a 

weight of mwonrg to  be ldtad, inn+ of trseting 
to the adheawn of the cement rvhieh appenrs to have been 
"erg slight, partly in wnaaquencs of the wm&hnens of the 
sawn faoe of the atone, and p d y ;  l imagine, from the 
stone harmg been dry when nei. In man &m the cement 
bsa pw+d from both m n a .  forming s d i n  d c k c h d  sheet 
of Large dimenaioru. I n  msng man, also the nuts at the 
uppa'enda of the bolts have a very imperkct bearing upon 

:the bane-piece. 
r on to the @umna. it in appuent that t w ~ y  

of%%ae blow holes of considerable size, which hsve 
- b a n  filled .in with a wmpoaition of w i n  m d  -8; 
-&%L&+& doea not a p p w , @  have bew-taken to kenp 
'itre txim &m abifting, or hi pmpsrly a&eti,ng (t rbeuppu 
Bask, and= awoaequewe there are many mstunas of a 
coneirlesble difFereeca in $he t h i c h ~ ~ ~ ~ o f  mqteJonog+te 
sides of the wlumn ; in ~ e u ,  ~scas tlm m& on one aide 
being only @l18 of a n  inch, and on tlmoppoajte pide 1@s, 
or a d k n w  of 3 0 f  an inch$ and an u 4 y  tile 
w e  when the uppm side of P. meting is t L ,  t h e  mstel 
beaomea. &led, aod hps .ocumdations of, mim nad -rir 
which very m& a h o a  fmm. the atrsn@h dt the 
metal. . . 

The mode of & t t e c h i i  the tisa to the  d u ~  by m a n  
of lugs arss evidently mmfBoient, W in almost way in- 
stance the luga b v e  Bca m a q ; i t  it L& to 
belrcss that the burning mof dgtsctive 1- m the manner 
described by the witmuwg surmned a t  *lhuulee muld have 
been saMtionad by any p a w n  who W the idJligence to  



. - -. tmdsnd.iid:tb.t the whole baerui* of the depended 
u p ~ t h e  Bt;tngWof tbae inga.- 

I WM&: tI+thsn$de conneotiag the wlumps at the 
flange joint@* Plso jn smne.mp"et" defective, the k l t r  
beion an iiehth of an mch kp in dlsmeter thnn the Kole, 
snd& '&&S-beinR sepPrskd in aome canes ss -much: ss 
-$of snii&+ bolts muldnot act aa $ d y  pins. andss 
in s~+:+@t&re aas m! igot on either of the pipes, 
3 k  was nnthing hut the pmnc%u of the bolts to prevent % 'the mlumrie from shifting. and t m an evidences that 
some af them did so shft ut the tune of the ostwhqhe. 

I have not warded the wmieke ss having sdded m any 
waJr tdth.++zirity of the stmctm, othenrise than in iti 
inom.ahg.the weight of the oolumlls and so increasingthe 
60ment;of~stabitity of the pier; and my man for tnking 
tbia viewkthat the wnmte  was m unequal in its quality 
that no- dejpendenn could be p h c d  upon its being of 
pm u strength in the place where strength m required. 

L!efom learing tlie columns, 1 rhould obaewe that some 
of the f l q e s  wtse so ~ ~ ~ p d e d g  faced that the only por- 
tions of the mdal m contact m a strip of about five- 
eighthe of an inch mund the mar& of the %awe. 

In mndusion, I would mm up by the statement that, 
:ii;'by -. .,,, i@on; ih?-bsde of the p'ier tw n m w ,  oea- 
s~onidg.s"e j  tatlain upon the &uta and tien. that 
t ~ e i a n ~ ~ ' ? t  $% the lattu. were dipo8Bd. and the mpde 
o f & e . t h e m  to the wlumua, snch as t o ' M d a  
the& ofliitle or no use, aud that the other impcrfcetions 
~ h i e h : ~ I i S . b & n .  pointed out leaecnsd the pover of the 
,ml~GiiG1tb:~l&;dt'~scnUr~ atrain; I wnsider that the 
'ji$&ig if& itrub and tiea wan the immediate cause of 
the~~dissdt.ic; but. that the other cilcumatsnoes stated eon- 

h Railway, to say that they t 
ererg fseiliq for making the moar thorough and seareh~np 

APPENDIX. 

CALCUIATIONS of the POWM d R4is t .n~ .  of ihe several 
 part^ of that gortron of the  Tay Bridge which has 
fallm. and o f t  e dnuns ta which they war  exponed. 

. 1. - ~ E S ~ ~ T A N C K  o r  BOLTII. 
- .  

-r.l%eib.bk&& ue held down by four bolts, id 
. I t  inch6Ci; i i~eter ;  thdn:the effective dinmetar through 
the &&cd:.-gtion is 1.44 inches, and the mtionsl area 
1~6$~quiie'iriehea. 

ing the strength to have basn 21 tons, or 
~7,na0&s.-6:the square inch, we hare 47,040 X 1.6.Y X 4 
S .  

Z+&.fWlbs. for the ultimate tensile strength of the 
-boldinl(.dm~ bolte. 

Thecolumns were rtcnred to the hsbpisoea by ei ht  
'olb, each l! inchea in diameter; then their effective f i e  

thmughthe screwed partion.is W92 inches, snd their 
% i d  nzp 066 squure inchea. 
=Their mUeative ultlnurte b i l e  stmngth q u J s  47,040 X 
0;66 X 8 = 248371 lb. 

Substituting the actual vduea, the following are the 
dcnluted reanlta :- 

I n  oar of Isinch columns:- 
BoluBB - - l - 1 0'48; 
Bolts CC - - - 1'196 
Uolts DD - - 

- l 
I I - 

Showing t h  the total mount  01 
the bolta ta the overthrow of S 154 
143,562 f m t l b ~ . ;  nnd to the ovu 
mlumn would be 166,02!2 Poot-lbe. 

And for the ditance of the centre of resitance of-Ui- 
bolts fmm the line AA WE have. in the case of the 15-inch 

and in the caao o f m  18-inch m l w n  

9. THE RSSI~TANCP Or THE F L A N ~ K  BOLTS TO T H E  
OVERTURN IN^ OF T H E  R& -CONSIDEWID h . 
RIGID STRUCTURER. 

In this osae it is assumed that the pier would 11e orer- 
turned upon the centre of the leeward 18-inch column 
mvked 4 in Drawing KO. 1. 

Then punning the s ~ m e  mode of cdculation sq in the 
aae of the =parate columns, the following reaults we 
obtained :- 

The totsl amount of effective..nsisba~e nf. the eh& 

--- 
oenke of the Winch column we have 15.914 feet. 



6?:bnb. - ~ :  
T h i d i i , g r a e ~ @ N o .  5, ahom *he h a n e t  in which 

. ~ ~ :thesCtie.bars &J tq.preveo( horizontal movement at the 
::-@ifits c i f . t & S t ~ t  to the tops of the c o l u ~ ~ ~ .  If 

s =.this+$ *hioh the tie bar in capable of a u d n i n g  
in the h t i o n  of its length, c = the etTective d s b n a e  of 

t l te  tie bar tbpresent the to  of the column moving in a 
horiaontsl d i k i o n ,  and k z a n d  d, represent the distances 
of the  up at and l o w  p i n t a  d attachment measured vet- 
ticslly-ins hotisontally, then in the case of the tiea betweun 

.the 1 5 h c ~ & l u m n s  I* b e -  

- 4 e=t.-=r15.110 x 
J K+4?  

'l8 
-Q921 lba. 

J935=+'1+ 
-' 

and in the of the tiea betwecl, the 15-inch and 1Ginch 
columna. we h a v i  . 

ln:con+ence?f the mlumna not being vettied d varies 
-fmm 39" to 4.62 fkt. the value of h being M before; con- 
q u m t l p  the N u e  of c varies fmm 5.465 lbs. in the case . . 
bf the uppertirs to 6,124 Ibs. in that of the l a n d   tie^. 

- '  To ~ d u l a t p  the extent of the horiaontd movement in . .. ~ ~~ . ~ ~ ~ -  ~ ~ ~~ ~ ~ ~ . ~ ~ - -  ~~ ~.. 
. . thetop of thec+inna  which an elongation or yielding in 
<:the ficJ:would:allbsv, ilwe put n for the mebewe of tbe 

r l w p t i m  .)f the tic,and m = tbr movement of the column, .- we h a y  very ri*ly- 
nt m=- 
C 

or in the case of the tiea hetwsen the 1Sinch mlurnns- 

' ~ t i i l  in thac+bf the tics between the 15-inch and the . - 
1kZinch;i;i,lnmui,:we:have for the uppu tiw- . , r . -. . . -  

. ... . .. - .  .15;1!&J- 
~. a=n - - 1 7 7 2 ~ s  

- - .  ->. . 5,453 
:.andr+r the low&:&+ 

i'akinerthe:thickness of mat4 in the 1Sinch mlumna at 
1; i@m, and that  in.thc 1s-inch columns a t  l* jnches, 
t l r e . ~ i o n n l ~ . o f  the furmm would be 49 square mehes. 

&id of thela.tte<65@uaroinches; nndif the tensile strength 
,.$&id cast irdri.l+;tab bt ss low as 6 tons or 13,440 iba. 
tu.the.squ& ineh;the Stain required to tear ~ u n d e ~  the 

'-IGnch ~.!~lumni,rjbuld. be 658,560 lb.,  and to  tear saundes 
~tK~'~l+inch:w~umns would be 846,7a0 lbs., the l& of 
"whiiti:is.mnore ' thin 2? tima, greater than the mllective :. - 
-st~Rnlrt)i of.the,eightztlspge bolta; so that where the column 
.jis:h.mken i t  $&E:that it  must have been e r p o d  to a 
'trun+!e &&p; : . . = ~ . . ~  ~. .~:..~: . . .. . 

S,= the similar d n  r e a u l h  h the- tie.h&i 
h&em the 1 5 h h  ool<mn.& 

h= the height of the point of sttechm?; &the 
loweat tia bar abom the top of the base pi+.. 

&=the mem height of the ints of atcaahment-of 
.U the tie bara above t g  top of the h dMe. . - .  M= moment of dmhility. 

P = &  hotiwantal 9- id to ke.apptied;$ 
the height H a b o v e z  top of the bane Gece 
tnoverthmw the pis .  . 

Then we h a v e  ' 

~ = a s ( p ~ + ~ ~ + ~ p s + ~ ~ , + & $ + h ~ ~ + ~ ~ ~ , )  

And 

To E Q I C ~  the valued of 8, and let k t h e  horizoutsl 
dis(mce of the furthest bolt from the line A& in t k  
IS-inch mlumns, w d  !et c = the m o u n t  of e~tqnsio&~of 
the bolt at the inntant of its f-re.1, = the lwgth of-the 
bolt. and I = the length of the tie bar; +n. -din& 
the h, " ric tea& td fis," we hue- 

3 1 
.4e f : j : : e : &  

&@ And B= - Itb 
In the case of ;h, tii'& the 16ineh mluoms, we 

h&- 

.. . - 
. - - , . -being overturned without any flange hits at the or qUYIw 

-the h&& joint. 
--: K, = the aamemoment tsking the &ect of the bolta 

horn. and putting& = 4% we have-- 
mto aa'ount. M = 1-683 (B1+&+1'468(pr+pl)+S,M,7(0 



- - w e i o U @ w . ~ r n ~ ~  , - 
.*;.'' ': ..,.; .' .- &aBa. 

- 39,490 

Permsnarhw~y, incidhggu.rd rails 40,570 
B*, - . r'. - - 52,800 _ .. . '_  , - +,v0 k%$;&14, - N... 
Telegrap m and tube - - 4,9(H) 

' G  

!2p tom, nufly = 6449W 
, , -- 

' I n  the iu? d&ona the above is the m ~ g h t  
whichI-have t. sn as hdng that which woitld he roduoal 
hy one of the 245 f a t  intermediate ayens upon tie rollvs 
on the top-of one of the piers, snd I have.mitted to odd 
any increased p m u m  on ~ c m u n t  of the continuity of the 

.prd+fnr ' th&mon stated in the hody df thr  Report. 

. .. 
. 55.760 45,570 - -  

: -~heli& tdalweight  of the pie is ss fob :- 
F& .IS-in& eolumw at - . &5,760=143,Oon 
" h 0  Iainch .. - 45.570s 91.140 .. . . 

l O 6 t o n s ~ y  - -=234,140 lbs. - 
3. WZIGHT OF THE TRAIN. 

.Tbd:inFormation .a to  the wmmpasition of the train and 
.th'e-~wsi&t+ot.the several am wm furnished by 

.-tMt.iDm&io~i?; i the - 1 o c o m o ~  aupuiutendeit of the 
- Noit@~~LBntiai:&ilway, and I have added the weiphte ot. 
.$~he'PY,.se$G;yd $h5- in  the t G ,  disstboting 

theni.k.btoltbea:@t of -my judgment, in acmrdaoee with 
<th,e%ti&@itm. by.Mr, Kobert Morris, the station went 
: a t F o Q u t i o n  129). 1 have dowed 140 l b .  f m  
.Me weiglitbf;eaeh..pe.mm.and have saaumed that there 
'.~w&SW~lbs. of luggage in the luxgage ran. 

Thete6gine weighed 34 tons 12 cwt.=;8,84R 
Firemsn an$ stoker - ?R0 - 
The tender aielghed 24 tom 17 wt.-- 

79,128 
55,664 

F i s t  - third-class arrisge weighed . S : t a ~ ~ @ c w t .  - -=l6816 
20, passenpm - - - 2,800 

-21,616 
- S&nd t h i r d h a s  oanage, the apme ,,. . , . - - -= 21,L" 
- P i i a t ~ s . k i a g e ; w e i g h e d  14 tona 
.:~-g:"*:. .. - . - 

LuggagevrarPighsd~. to~9ar( .=W 
3.gusrda - - - 420 
Lugg.ge - . - m 

-20~s 

120tons - -= 26!4,5% - 
4. WEIQHT OF TWIN BOUNE BY THE PIER. 

I have taken that pmition of the t n i n  which brings 
the greatest 1 4  U I I ~ I I  tire pin. namely, Nben t h e  fmnt 
of the hu5ers of the engine were 48 feat in dvm+ of the 
centre of the pier, in thin yositlon the ~~ortibnrof the M h t  
of the tram home by the piu would h 2101,3:+0;1bs.; .tlie 
remainder being home by the piers on either side.. , ~. - -  

l. .4csron o x  SI~PERRTBUCTURE WITEQUT TRAIN. 
In the folloning calculations the direction of the wind 

is a.snumed to be horivntal and at right ang1s- tu-thi. 
~ i d e  of the bridge. W h u e  the slwface o p p m l  t q t l i c  
wind is hemispherical, an in the aure of thc wlumnaiits 
area has heen rpduoed hy half; where the S I I ~ W  is  
inelined to the dinetion of the wind a t  an angle of 
c degmn, a being Lhe sna of the surisce, and f the force 
oP the wind in lba. per square fwt, 1 h e  takeat- 

The prmure of the wnd in its own dpedion= :. 
f sm.' e.c " 

,, perperidicular ta same= 
f a .  sin'c oos c. . . 

1 have calculaad the eurfsoe p-nted by the m&- 
structure of one 245 feet intermediate spin, takio t h i  
whole s u d e  presented by the faoc of the w i n f ~ i d  
lattice p t d e ,  a d  adding the ends of the lower orow 
&m, the longitudinal &h md rails, and the railing, 
and the result gives M I V ~ .  of 2,036 aquare feet, havlnp 
its centre of pressure 11'14 feet ahovc the top of the 
rollers upon which the lanice f i r d m  wted.  

I'or the inner or l e d  girder I have + u l a ~ d  the 
arm of thst artion of it  wbiah ia shove thelevel of *e 
rails, and I Rave reduced this by half +n,allow~-fdi the: 
shelter wh~ch woulrl be afforded hythe wind&&- 
the resolt gives an uca of 593 uare .~feet;ha'Yiizk: i& 
centre of pressure 17.47 feet above% tdp $ther61i&..-' 

To calculate the which the wind -Id -hat+:i" 
lessening the weight of the supastrueture upan the wind- 
ward or weat mllers and in inerrasing it upon the lwward 
or ewt rollers, let f =the force of the wind, e=thr awr 
of the muface exposed, h=the height of the centreof 
p m m  above the top of the mllers, d=the distance from 
centre to centre of the la t t ia  girders, and p=the pressure 
M e n  off tne windward rollers md added IO the leer-l 
rollera ; tk.n we have- 

=G& f. -.. - 
And if F, be put for the hoiimntd fows bf--- tk2~nd:  

acting at-the levet of the toy ofZthe mllws'&&di,$-ti, ..= . 
overturn the piu, we have- . _ ..a . 

F1= j(aoY6+59,.)&gJx. f. ~: 

2. A c r r o ~  OF WIND ON THE %IN. 

'I'hc action of the wind upon tbe' ssvaralcsrri ea mm- 
'W the tnio have been d o u k t e d  upan %e data 

=&ed by Mr. Dmmmondland the nsults have heen 
deckl  in a t* fom.  

~ ~- 

m B i 
3 .  ...l . :  8 - ,  4 

$..I- - 4 - 
,-,*:.,?+&-#*, , , , , . .. .. ,I: :- . . -! .- ,g..; lb;h i.;t 
. . , . -". ' . :<a-,; ;l 

.: . .., ... . . .;: .. ?...$'- , ,,.:-g . . , . 5 -er ,C', ' -- 

.-.. :- - .  . ~ 



$9 about one-sixth. - 
Adoptingtbe asms notadon M in the Lbk, and utting 

t for the me?,aure #so oE the w i n d d  d and A d d  to 
the leemid one. we have- 

Tkp wag. &o amwnt the action of the wind upon 
the mofa of the d e g p s ,  we have for total wetght of the 
t+n borne-by ,be pier- 

-2io,m+67 xf 
Again if k,m the re taken of the vindmrd mllera, 

and 9.92.and 4 9 2 K e  respective horizontal di6tanm 
of the two hnea of nils from the antre of the mUm, wa 

. - -~ ~ 

. . ; ~ u d  the~$$,portion of the roof prssstve thrown On the 
.u~ss t - r6l l~:he1~~48xf ,  we have-far the p m =  on the 
'U& ibUeWr+tixi~ . . f m  the train- 

105;165+.~xf-421~f=105,165-373xf . . .~  
and for the p-&8.ure on the east mUm 
~l0~+~7~f-l~165+373xf=105,165+44~Xf 

. . .. . . ~  , .. ~ .. .- . 
. . .*. , ould n,dnce the exposea s lub  of the -east 

.gild& f@m.J;l86'.s+re feet ta 757 squan feet, and as 
$ifor+, ded.n,+:i;halfn8 being ahbltered by the wind- 
:.midgirdai,?we ave 378 square feet for the area of the 
:.er'po@d-s~ipf&:6f the dat girder and the centre of pwls 
'is 22e4 feetah^o;e the top of the mllen. 

.Thkn. ffdr thk: y2ssnretaken~ off the west mllm and . . 
d d e d t b  the fart io1I'm. we have- 

- 
r2468xf :  : 

~ n d - f a r  the.hoiisonhl force of the wind ecting at the 
l& of the(top_ofthe.mUera we hare 

~,&M36&7~+:x 1603)xf=3750x f . 
l h v e : & ~ , u p o n  Ukwing~o .  5, which is n tnmaserss 

section- of~.tlia,i+i@structwe of the bridge with a train 
~ o u n t ~ n d  -on of the various pmaura 

:.G 1ch m p + t c e d b y  the joint.sction of the W ' ht of 
'th~-i&&i.re,:.ttie:~ivi&ht bf the train and the M%, the 
fokce.df: the 'latter--being equal u, f ]he. on the square . ~.  foot.-,^ . . ~. . . 

1 pave 40 the vim of Dr. Pole and Mr. S+. 
ns to the m d e  6f.ptimrting the &&vt wfam erpoaed 
to *he wind by &&the piers, namely, to take one 18inch 
column and: t h m  &inch columns ss being exposed, 
deducting hPdf.thab diamekic section .h allow for then 
bein qliridticil, and allowing for the te b m  one-fourth 
:of.: tie: i+ ' (~tien ' E& in e n d  elevntion) bet- the 
dumos. The %+dt given aaurfece of 393 square f&; 

-,thG;&-tre of -praaure being 41% feet above the top of the 
:ha&-pi&& of the columns. 
.. . 
. . 

.5. A c ~ r o N , o ~  THE WWD ON THE &NPLETS 
,,- . - . . - S T B U ~ U E ~ .  
For the mo+t of the hod.onsl foma of the wind 

wen about the top of the base p h s  of the wlumns ss a 
ontm, W 8  have- 

Without any train on the hn 
S& of west girder & :- 
. #. urst ,' 593 

2GBxBO.7 e212.160 
Burfsc. of p& . - 393~41.8 =: 16,427 

the t&ge:- 
1036 
378 

l336 

9232 tons = 206,795 ibs. 
We' ht on eaoh 15-inch mlumn :- 

#eight of column - - %,?W. 
fjlj4go -. ~ 7 ,, supershrucbre - L- -60,612:-. 

-. 
5!,95 tons = 116m' Iba 

The sectional area of the 1Ginch column hei 63 squa 
inches, 92.32 tons is e q d  to s -in of 1.4% tons'per 
square inch; and the asdional ores of the 1Sinoh column 
being 49 sqmm inched, 51.95 tom will pmduee a s h i n  of 
1.06 tons per sqmm inch. 

b. With a W n .  but with& any Wind. 

Weight on each 15inch eolnmn :- 
Supustnrotura and column aa above - %X,i95 

B10.330 
Weight of tnia - 

4 8  - - = 52,5&2 
v. . 

115%Otona - - =259,377 !be. 
astnrinof1%tansprrquarehcb. %gt on each 15-inch column:- 

Supemtructwe and mlumn an above - 116.36'2 
210,324 Weight of train - 

8 - = 26,291 

63'68 tons - - s142 ,W lha. 
Giving a 8 t h  of 1.30 tons per sqam inch. 

c Wdb a Wind Premn, but witbut a y  nain .  
Weight d superstmdore w 

Neat mUvs - =32'LL45O-2226x f 
Wipht of superstructure on 

eastmum - - =3%!,450+21ZKx f .  - 
Wei ht on column 1 :- 

U&ht ofwtnmn - - 45,570 
One-hdf of weight on weat 

rollers - - 161,225-1113 X f 

206,795-1113 x ~ f  
Weight on emeh of columna 2 and 6 :- 

Weight ofmlumn - - 36,750 
Ooe-fourth of w.ght on nsst 

mllera - - 80,613-W5 xf 

116,?63+W6 X f 
W ' b t  on column 4:- 

~ ~ t o f o o i u m n  - - 45,570 : 
0nbh.lf of weight on E& 

m l h  - - 161925+1113 X f 



TA-Y BRIDGE. 



TAY BRIQCE. 

PLAN SHOWING POBITtQNS OF BOLT8 THROUOH FLANGES W 

15 INCH COLUMNS. 



TAY BRIDGE 



TAY BRIDGE. 

'$;or &VANON OF ONC OC r H C  PIERS SCIOWfNC ONLY THE TH' d8-- 

IN IITU81OAl. 





W' tme8ntrolIw:- Vdtttof - ,%2,4"+H68 X f 
Weight 'of t i Jn  - . 105,165+ 440X f 

. . 
wei&t on-paoh of aolumos 2 urd G :- 

'W@ght:of wl~unn. - - 35,750 
Onbfourth of welght on W& 

' .A&m - 106.904- 7IOXf 

142,654- 710X f 
We' ht  on arch of columw 3 and 5 :- 

\fp(aight:if.column - - 35,750 
Ohhfnirtb of w%ht on east 

rOllk.rs - . - 106,904+727X f - 
. . 142.651+727 X f . . 
Wekht -o~wlumn 4 :- 

'Weight of column - - 45,576 
. . .. .. .Odk:bblf,dpwii~ht ,. . , on east rollern 213,808C 14Mx f , .. ,, . - . ,  . . .  . -. . ~ . -  . . . _. , - ~  259.378+1454x f . , - -  . .  . 

3-&6ni~t$&:&rmule I calculated the following t& 
:whieh:%@ta,ths reasurea to which the eevurl column8 
&opld.be;e$%!d, eoth with and without the train, and 
with.&nd. pressures of 10. 20, 30, and 40 lhs. to the 
a q m  foot. 

W>th P m m U l s O f  Wind epunl U, 

h % m  01 C~Iumna. 

. . , -- _ _ ,_ . _ 

. . 
. R .P+& if Wind rspu*cd to omriwra the Pier 

a Tf-.~&d tldldanf oy boIding-doton boltr :- 
Moment of shbilit about centre of column 4 :- 

Moment of we& on column 1=21*4x 
(206,795-1113x f) 

,, ,, on cols. 2 and 6=1644 X 
(232,725-1113~ f )  

,, ,, o n w l s . 3 a n d 5 = G x  
(232,i25+1113 X f) 

T h e  sum of which is equal to 
4 9 9 ~ ~ 2 1 ' & ( - 3 1 ' 6 8 ~ 1 1 1 3 x  f 
=9,599,119-35SOx f 

w b i t  is the moment of iral l l i t~;  then the moment of the 
wind u=2&,587X f, therefore we bsva 

Y,sYs,ll3-.?5,260X f =BB;587 X f 1: : 
and 

f ~ 3 6 . 3 8  lhs. 
.whiah is the pnaaure of the wind required to overthrow 
the sahotute without 6 train upon it, snd uks i s tu l  by 
the bdts. 

c. Prumre of wind r6q-d to anrtw tL Fie U& 
tke ltain, ad mtaW the mlxraRl b d t d  dam :- 

The moment of & t a n ~  of the bolts baiDg taken into 
m u n t  we have 

1 1 , 5 W , ~ + l l , 8 9 5 , ~ 3 d Y S 2 X  f 
and f =W% lha, which would suffice to ovwthmw tbs 
ahucture, supposing the piu to be rigid and th~! column8 
bolted down. 

3. PORCE. TO OVERTURN THE PIER OX THD C O L U Y N ~  
8EPARATELY. 

a. P w r e  of Wind repire$ to wcy(wr.tk-P.!?efh- ' 

md o Zhtin, the boltr, slruta, and tb bars being-:tat'cn,an!o- .. 
accant:- 

I n d o g  the values of p , p,,p, and ,, we have 
~=~~6~3~413.590+\~456~465,&2+~,191,7-10 

=9.5(36,441 
for the moment of stabili*, and we have 

9,5Mi,441=P2%.587 X f 
atld f=41.5trB lb. 

b. Preuurc of Wind required t o m t u r n  tkiPierwilh the 
Train wpm it, the boltr, rimis, oul tic bars &j l&nr;inlo 
account :- 

In this case we have 
hl=lW3 X 51R,75G+ 1 . 4 5 8 ~  570,616+8,131,740 

X l07 X f 
=9,834,851+107 X f . . 

for the mommt of stability, and we have . . 
9,834,851 =318,945 xf -. 

f*X4 l b .  and - . ~ . . 

c. ~dditionol ~ i a d  presswe repirerj to no"t~,+o P;? OS , 
e o l v ~ l r  reaaraicl~, with an initial strain m the t i p  bars :- 

Let &he iniiirl strain put upon eaeh of the tie ~ I Y  by 
driving up the ke a then m the case of the tie* l8ecwcen 
the 15-inch aud rhbld-mcb mlumns, we have 

U X 28 X 0.38 X 4.2=44G.W X U 

and in the case of the tica between the 15-inch columns we 
hare 

u x  14xO~G5Gx42=~573xu 
or for the whole of the tie bars . . 

(446.83+33573) xu=wd.GXu . .- . . -./ .. - : - -. 
Then for the add~tionnl prwure r e @ i ~ d  to overcome: . ~ 

this initial strain we have . . ,. 

xu=".OWCd2xu 2ii8si 
with no tmin on the bridge, urd 

B.7.G 
31g:x2~ r=~UG--w6Xu 

with the train ovu the pier. 
HENRV LAW. 

MR. LAW% DETAIL CALCULATION o r  TLIR WIND -E~UCS: 
REQUIRED TO OYERTURX THE SISCOND-CLASSSAR-. . , ,: - ~.. , 
RIAGB. . - .  

:. - . , . =.. - 
UOIBNT OP STABILITY. . . ~ . .  

Weight of c-e, .s ststed by .Mr. 
Jhmmond, 5 tDDs 19 ewt. - - 13,:LW lbs. 

Weight of eight pasaengers, at 140 lbk .l,l!!0 ,, 

Weight of carri.ges with pawngm - 14448 .. 
ilE 

Half the width of line, 2.5 feet. 
Then moment of stability fmm weight=14,448x25= 

%,IZU foot-lbs. 
Moment of atahility-from prewure of wiod on roof= 

2'77x6'62 X f =l$G X$ 



No. 4. 

S-KI) RmBT to the &URT of INQUIRY by Mr. hw. 

that in their lmaant condition thsae extmuu auulsus am 
of v e q  little s w i c e  in  streuatbming the structure: h t l y ,  

of th4 yeay u n f w o u ~  Wglc c4 the nooght -  
ima. ties which connect them w t h  the 16" columns ; and 
semndly, because they have no direet tie at the upper part 
of the m m d i c u l a r  columns to resist the thrust of the I-----Im.--....-...-. .- ~ - - ~ .  - 

plbtted the ir&d upon the original ssetien of the river bed rakinp &&S. 

ae Bent to the B d  of M e ,  and the rasuft M ha0 Them are iudht ions in one or h of there piere of 8 
upon the accam anyinp aectionJhe black lines in which aonsidwable f o m  tmding to o v e r t h m  the piere, haviug 
iepksint  the.hed)@ the river, sa shospn in the aent caused a distwhancu in the u p p  cmmm of the m w n r y .  
to the Roard,of:We, +hilethe red lmeu and 6guw show The 49th to the pi? wunist eaoh of four vertical 
the river hed and- the aaund~ngs bken  for the purpoaes of mlumns cnrrying the wclght of the superstntcture .and 
ibis inquiry. , ' without any nkrng columns. At the li+nientioned&ii 
: Tl ie rd i t ! i -@@W the soundings hsve bem reduced M the straight partion of the d n a y  ends ~ d : - a  cu~e:co~::: 

the,level:oq~@~e,,@~ of the gauqe a t  the entrance o f t h e  meocen with a radius of 223 china, the line-also:hariug:q 
Willjain :the.:Fb,vth D*, or 1 2 7  feet below the high- Falling pradient of 1 in  73'56. 
w.ite<li;ie s h o w n : o ~ t b e ~ o n  sent to the Bondof l'nde. I The 54th. Sith, 61st, 65th, 69th, iad, and 76th .$.&.'' 
hi6e'ppared a$nb$ar stirtement,, which is a pended hemto, each mnsist of four vortrcal aolumu, which camp the ' 
sh&ing.the dep tbbf  &he.foundations of t R e s e v d  pi? %eight of the superstructure. with two raking mlurnns on 
aiid ther depth o f  the lowest p* of the river in theu the western side, which m e t o  resist the centrifugal s tnin 
vicinity. , I t  1s evidqt  from the -t soundinl(s t h a t t h e  nsultiog from the curvature of the line. 
r4gime +the river at the bridge is not fixed, and thatthe? The intermediate piers consist aimply of two v d m 1  and 
is s t e u d e h j  to woor in some place end to depoait ln one raking oolumu intended to be in one plane,upon which 
tithere. the lattice eirders of the au~emtructure merelv mt with- . . - .. . . 

-Ever since the-completion of the s k u d w  the bed of the 
river in the neighhCrhood of the bridge hpa been car&Up 
watched-py Mr. Noble, +d wherever he diaeovered a ten- 
dency.:~ scow, he d e p r t e d  mhhle stane, p i l i q  the asme 
muud t h e  p i e r s  $ the mumer~abown upun the section. 
&twi'tiintanding thin, howevff, i t  will  he seen that in many 
pin* the'-$:is';~@'a tendency* scour. and i t  in evident 
tI~+twill-be rrece&,yaryta wntinue the m e  coostant in-. 
$ebtion,*ndL t":,d oart hesw mateial wherever the bed is 
round.t"&e heeu?;ee@ied ; for,atthouph there is nah iug  
it.p~siocto.&ie +no, there is sufficient to lead to the 
IheLef that ,n'iime the foundations of some of the piers 
might, becon% undknined. 

.*m carefully examining the pwrs I can 5 a d  no indica- 
tion of any-sebtlement m sinking of the foundatione, but 
inane or two insuruces there are vertical craeks in the sides 
=f the hrixagonal brick pias, which hsve probably been 
~ccasioncd by the. expansion of the conmete in s&ng ; 
t h u s a : p i c o s t i  of an external wdl four hrieka in 
t@ckness, filled i n  the interior with Portland cement 
concrete. 

Ai i~ eviddit f& the table there is connidernble variety 
Iwtb :!n;?..~-mode..of. constructing the piera and in the 
a.et&liirof - ttieir<foundbtio~. 
' T h e ~ g t ~ a n ; l : 4 1 a t ~ p i m , - ~ ~  the h t  p i m  on eithez 

side OF t l ies tan&hg.pion of the structure, are of similar 
Giiijistrnction. .to those which have fallen, sod we so much 
+red (more :particu!arly the W r  one) that it  d l  be 
new* to fpmstruct them. I t  is evident that both of 
t h e e  vieis have hem m b i a t d  to a wnmdenble farce 

out any k&d of attaehrusni. The most lofty of these 
aingle piem is No. 56 ; the heigbt frqn the top of the 
caisson to the underside of the &der is a e a r p  66:feet; 
there is no kind of sta to prevent movemeut o the hsad 
of the columns in the dkct lon of the length oftbehiidgi,  :~ 
and there is no k i d  of attachment betwen the:-&ds%-:. 
m d  the oqlumns. or even (in thi8 partieuly- instan&) . . 
between the &derq whioh m d p  rest upon~oppwitt.~ai3es~-~ 
of the top of the columns, wrthout any p ~ v i s i o n  f6i 
carryinp the weight of the girders and thew superincam- 
bent load vertically dDwu through the axis of the eolumn. 
I observe that in this pier the coiumne W not in the same 
vertical plane, and I am decidedly of opinion that mme 
modification should he m& in this oortion of the struc- 
k u c .  

I find that in some cuu. the len(lthobf.tbekttiocgLdcrs 
do not comapond with the distances h e h e m  the centns 
of the piers, and thst as s ooossqnwtca the joints of the 
girders are no6 vedcrrlly aver the centres of the piem, 
devistiug in q e  ins tanm b the artaot of 18 inches.. . 

1 did not consider that my inrtruetiow warranted me in 
making a critical examination of ev art of the exieting 
portion of the stmotrue, which &";g& a work requiring 
a very l u g e  expenditure of t i w  r a d  M o w ,  hut thegi.ne&l! 
examination which I have made M sufficient to ahow th<; 
n d t  of a very cafefa1 a d  minnte insp&ion'-&i$g ; 

f" nude o every column, tie bar, and shut, sinca one o r : t W r f  
of the columns m'oncked ,  ss dsaaibed by Mr.Noble?id,: 
hip evidence. Some of the tie barn have hecomb loose, *nd..,' 
here bcen poked, and aome &the colnmna exhibit C&erual 

tendini t o o v e r t h w  themdwards the m t .  M the nnsomy evidence of imqurlities in their ttjekneae. 
13 Jisturbed sod ldted under the watclu eolumns. In  makmg these muark. I b v e  no desire to lad to the 

The 15th u, the 27th viers on the south. and the 42nd to infirence that I condemn the whole of the eneb'na 8truc- 
the 48th on the north, generally m m h k  those which have ture, but 1 wkb very diatinotly to state my opin6n that 
fallen, hut differ in some of the detailn of construction.. ortion of it  ought to reoeive a m& eomu h and "7 P.  Tk columns 'on d a n  are aimilarlv -med. hut the care u i n s o d o n ,  in order that abonld i t  be found ttit the 
weight of the s u p c r ~ ~ r e  is wholly horn$ by the four bolt. of the tw bars have b m m e  wehed or W, or 
16" columns. whicb are bolted to s foundation dab. and should the Btrnde not havc eBcient besriss. theee and anv 
:m surmou&d lq s square aruught-imn box '&& c i  other detecta may be discovered and re&died, tog&G. 
entabl-e which mpoorte tba supemrumre. 'lxe two with those ahich I bsve nuae paricukrly inted out. ;. 
external columns are L"' in diamctex, and are carried up 1 have, g. 
.)~pen&cularly unhlwithfn one T Of the . - (Eipwd) H n i w  LAW.. a t  or.uppum?lumn ia ruclined inwar bfonnanL&g&rut To the Comrmsus~w farmhe 
to the wmughtimn box girder a r o n t a b h  I t  isevident Tay B t i d p  l h d t y .  
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T A ~ ~ L A ~  bganlahhi rb6wiag rhe ~ ' U I P W  and Deprh OS the Foundatiene and the dative D@J of .the 

bed of the' River. 
.. 

d ,*" DMreaaoi 
~atun M p*. 'm&$ ~ r i v e i - a  u-iabbd 

pier. &$m,. W- pie.  W. 

1 On theland - l - aeorS+ brick pia 
9 Abmelarater-  - l  2. 

: j 8 2 imneaimns. I5 ft. 6 i i . d i u a  ~&brickpiew - - 
- - 

Depoit. 

soozr. 
Deporit. 
&our. 
UoalLered. 
Dcpait. 
scour. 

S A .  
Dopmit. 
6com. 
Deparit. . 

,, andso6ur.: 
Scour. 
, and deposit. 

DcpoxiC . 
swor. , - 
' 9  

8 ,  

" 
7, 

" 

~ L t e ~ a .  
L'epositandicwr. 
Somr. 

" 
&bit 

19 ,, " 
, e o  1 cu.iaso, 31 A dim. : .. U 

21 - n " >, 
28 9 imn cairsons. 15 fL 6 im. diam. 
13 .. 

m ,S 

24 S v 

SS . 3, S, 

26 
27 . -. r. 

. , : . l~n-uiEaO~~, S1 ft. h. 

.S 

6 esat imn d m n n ,  4 16 mn 
dim. and 2 18 iea dim. 

,. fallen 

" 
., 
" 
* 
" 
" .> 
.S 3, 

" 
6 we iron whnnos. 4 16 ins. 

d i m .  dnd 9 18 ins. diam. 
9. ., 
>. 

" 
n .. 

9, 
4 0 & " ~ w + " m  - - 

,, " 

. ~. 
37  ,. 
38 . r, 
39, ~- ,, 
40. ., 
41 .  . ,r 
.45 %.*on caissons, l i h  6 hs. 

M; . :... " 7. 

.,+F$ .: -.; - ., .:.v " . ,. , ,45, . .. z4 P. 

:&l , . .. : L :  - ". 
~-47.- + . v...:." 

48: :.-2 -!? . .. , 
49. .C- ~ o n a ,  9 ft. diam. - , . $.:G;, - :. 

B 

..-51?- ?:. :,, 
-32. -~ , 9; 

6 %. 6 h. diam. d seai"d 

: I :  
.S. " .  . 

a~ &. " 
,. ~ a w t .  

Deposit 
" and-. 

4 ,. 2 ,. 
2 .. 1 ,, 
% l , ,  
2 " l .  
4 2 ,. 
% " f . #  
% , . I , .  
8 " 1 "  
4 " 2 *  
2 1 9 ,  
a ,, 
4 ,, B 8, 

2 1 
i 9 imn e'ilioders, 6 ft. h m .  



COR~E~WKDENCE between the  cow^ OF INQV~RY aad the NORTH BRITISH RAILWAY C O Y P ~ .  
Ofea of the W& Commissioner, 

 saw^& Houas, London, W.C., 
SIR, a January 23d. I W .  

IN order that we au 'be ahle to form an opinion B on the m u m  which have le to the w e n t  &dent tn the 
Ta Bridge, i t  is neceasnry that we should receive full 
int&mation 0-n, the several pinta raised in the enclosed 

Will-,yau thenfore bs good enough to lay the lame 
b'ifura.the~~i&ors-of your Company, and request that 
they will giPe dkections t lu t  we he fum~ahed wdh the 
r & & d  information with a. little delay as posaihle. 

Reference was made at  the conclusion of the recent 
s f n i ~ g a  a t  Dundee to a paper which had been read by Mr. 
Gilkes, tli=idntnctor for building the bridge, and to a 
diseiission~which had eirsuetl thereon, and we were informed 
thst: rinta of that paper and a report of the discussion 
woul8lie ~iq&o G. We 6hdI be glad to receive them at  
jrau++Iy?~~i.eni&e. 
' ~ e y + h l l : 6 l b o ~ : ~ ~ @ h d  to receive fmm you any stetement 

iitid0;iZthG i i b ; i d s  on which you cous~der the bndge to 
K ~ 7 e : b e e n " s i f e i f d i : t b e e ~  of tn iu4  and the causes to 
w.&oh'4oi;:<tt~bute.the fall ofthe bridge, and any ~ t t e n  .~ ., 
uv~de"ce,which:+u~~mj wish to lay before usin support of -:. 
y o ~ y r e w s ~  , . . 8 

;\hy dominu~~ic+tions which you may have to make to us 
should he'nddressed to-the Wreck Commissioner, Somerset 
House, London, W.C. 

We rue. &o. 
(Signed) H. C. R ~ E E R Y .  

W. YOLLAND. 
-%= s&tary, W. H. BARLOW. - - .&5&Biitish~Railway Company, 

.--:c Edinhgh .  
. .~ . - . .  .-. .. .. 

: i ~ i ~ u u ~ ~ r o ~ . ~ . r e ~ ~ i ; e d  tmm ths North British Wqg 
- .. . ' C b ~ ~ y : o ~ ; t E e ~ f ~ l l o ~ n g  points in wnuuion mt 

:the'1<i*iji& the Tif  Bridge Carualty. . . 
1 

-'l. %%l ,&&i ib t  i n  &h.of the spans taken he t6e~n 
.&=-&i&:li~'~.~6f.~tbebepi&, distinguishinp the weight of 
(i) -t& longitiidii~al girders, (2) cm? !$em, (3) koss  
-h.pcing; (4):the'.PPermMent way, balls~f &C., and 
(5 )~ tge  ~ a t k ~ p i p e s  and other dead Weight. 
2. l'he~aect~onal aw of the u p p  end lower b m s  of 

the  =irdirs, after deductiup the rivet holes, at  the centre of 
ehch'spin, ahdover each pier. 

3. The ieight  of the iron-work, inclusive of the hed 
phitee 6f the girders m each p ia .  

4:'l'he estimated vertical strength of thqgirders of each 
'spin; and 'the mirimnm stress pet aqurue lneh on the 
;bijera<d:ld&er bdoins and diagouak due to the d d  
&ght.&d a & n e d  moving: load.. . . ~ 5',The;.&ti.~' - ~ 

- . : mated surface of girder expos& ta wind 
-p&G&f~&d~ the all&vance, if any, f a  wind pressure; 
:.itiitiiiR~alsC qhether any and what a l l o m a  nag made 
f& th-6' &iBn of the wind on the leeward girder after 
im*~ngth:!ugh the opemnp of the windward girder, and 
for the resmtance arising from the npper horizon'ai c m 8  
1,rschur. the deck or flmrina and the permmen% way gird-  
mil, .&l hand-raibng. 

(I. Tbe crtmsted surface of the bain exposed to wind 
aptlon, with n d r a m n ~  of the train in position an  a span of 
the Lri$,"r. 
7. ' h e  t d  es t imdsu r f sce  of girdus and train com- 

~;lim.ex~used to wind pressure. statwg .Isa whether any 
'i&,what hllowaica was made for the Aelter aBded by 
:l111 t n m  tn the leeward +m. 

8. Tl,e~esti,mated.'mrhre nf m i s t a c e  0 5 m d  hytbeimn- 
.&rk of thcpierato the &ion of :he e n d .  
:; ;g. 'lhe eatmaxd marimum ressure in tons per a q i k  

!, 'inuh.cn.the wlumob near t h e y  sacs. uiuug ban the d 4  
%Eight of the'smcturc and from the additional weight of 
the enpllc.anrl train. 

10. Tnc estcms+& i m e  of p m r r  brought on the 
lewsrd wlumno near their bases by the action of wind 
pmsure. staring sr ntelg its fleet in tuns pm equate inch 
on the ouUr 18-ineR"w1lumn and on the two innermlumns, 
and apmmine or&rum af wind of l U  h ,  2U lh,.. 30 lhs., 
.&d 40 lhs. i;k square font. 

11. The estimated dim~uution of pressure, and the kn- 
sion (if auvl hrouuht on the windward columns with like . ~ 

prcs&es.of wind. 
12. The ktimated-tension (it any), stated in tons pcr 

squm +eh, on tlie bolb which cunnect the windward 
aolurnne with Wleir bases, and on the hold ing-dv  bi?lb, 
which connect thebabe. of the columna with the. magmy, 
with like p+swa of wind. 

13. Tbe above estimates of the &t pf wind 8""" * be msde, brst, when them is no W n  on t e h*, 
.awndly, when the tdn ia on it. 

14. l'he dimemions and mode of f.atcning the'holding- 
down bolts to  the masonry or hrickwmk, and the weight . 
of mMonry or brickwork which ~vonld operate in resistin 
tension ( i f  any) at  the bases of each of the windwar% . .. 
colhmna. 

15. The net sectiond uur of the dialland tiea of the 
picn. after deducting the bolt holea. 

16. The estimated mnximum atrees hmught o n t h e  
diuamal ties in tons per square inch of n d  sectional M, 
taking into account the angles at which some of them are 
placed and .asuming p m m s  of wind of 10 Ibs., 20 b., 
30 ihs., and 40 ihs. per aqua fmt. 

17. 'I'he estimated 'maximum stress per ton per equm ! 
inch brought on to the npper sod lower horizontal .&, 
bracing6 of the girders by wind p m n r e s  of -10 lbs., 2OIti-u:, 
30 Iha. and 40 1br. per equare foot. 

l'he North Briti~h Bailwa Compny, 
General Manager's &ct, 

SIR, Edinburgh. Mamh 5th,lw.- 
ADvERTINQ to your letter of.the 23rd Janu+ry,.p 
acknowledged, enclosing note  of infomrstioq rc; 
by the CO& of inquiry into the ckurnstances 

attending the above casualty, a co y of the asme *:at 
onoe transmitted to Sir Thome &h, who hag, a l o ~ g  
with other parties, since heen engsqed..pnttingiufomi. 
the n w e a m  nerticular~~, and the s h e  are sent hem- . . . with. 

I ngret 1 have hitherto, failed to. et a report &.any . . 
diacusslon that may bare followed~ 8 e  reading &.Mr. 
Gilkes' paper on the construction of the ' by  Bridge. 

With referenrr to the m n d  last p r q i a p h  in, jmu . - 
communication, M I am not an engineer I am umbla to 
suggest the probable cause of the disastci. hut I apprebendi 
mch must he found in accidents or inoidmh tbstoanld, '  .. 
neither have heen foreseen nor nvcided in the worki* of; 
traffic over the bridge. 

I am, &c. 
H. C. Rothei&Eag:. (Signed) J.  WALK^. 

Wreck mmmioner, 
Somerset Houae, London, W.C. 

- . -  
To Sir THOMAU Bovcn. 

DEAR SIR, Edinburgh, February 25th. I*. ,.-. 
I N  compliance with your q u e a t  we have +efu!ly.' 

considered the memorandu~n of infmmatio? raske-d f ~ ~ $ ~  
the North Britieh Railway Compsny -by rthe; C&e ;of - : 
Inquiry un vations points oonneckd with .the-'lhy Biidpe 
CMualty. and we have to submit 'the- following data, in< 
rrfsreorr thueto :- 

We pneenrne that the information M only i q u i d  &h 
q s r d  to the 13 large spans of the bridge. 

By the wotdin of some of the questions, they would 
scem to refer to t%e dcukt ions  ongioally msde for the 
struekue; hut we may explain that, althougb the prta 
were originally designed with full n g u d  to all the otraina 
likely to come u on them, the calculations have not been 
pmmed in B U C ~  B fotm M to he avaihble-for our present 
purpose, and we have therefore thought i t .  desirable to 
repeat t t e  ealoulstions dr MDO, usi" thmughout t h e - m t  
accurate data m can pmcure. The iimeusious of the.@* 
have been taken from the authentic drawings, copies.of. 
whieh have been, we believe, furnished to the &U$ of , -  
Inquiry. 

1. 
''Tlie total of w h 4 f  the apana, &ken bat- 

the centtc lies. of the.piers, distinguishing the weight 
of (1) the ,longitudinal girdsra; (2) musa girders; 
(3) cross bdw; (4) the pmmMent w a t c k i y .  
hdloat, &C.; .and (5) the water p i p s  an . er d a d  
weight." 

The total weights of the 13  sp.ow vary, for two wmm, 
viz. :- 

(a.) Two of the s p a r ,  viz., the 6th m d  9th h the. 
80uth a d ,  .nt m 297 feet from wutre to omba 'l of p im,  boinp. 1 feet ahortcr thsu $he ah,. 
ahrch an, 245fect; 

(h.) The c x t m e  span8 d aeh eantinwm &dn am 
sm6wh.t Ifuget in the.awnt$ng of tb& bnra 
thm 'the i nWed i r t a  ones, atid therefore smt. 
what be4er. 



Theweqp, w@bt d the 11 245 45 wsns M an fal- 
tows :- 

Tons. Cwt. - - 
Longitudid girders - - 140 6 
O m s a g k h -  - - %l l(i 
C m s  bracing - - . - l 5  14 
Permanont m y .  Lnkiqg, ballast, &c. 86 17 2 Water pipfa (fn ), &c. - 11 7 

285 0 - 
This includes some lurllast, water mains, telegraph pipes, 

&C.. which have been added sinm the bridge was con- 
structed, and were not originally contemplated in the 
design. 

11. 
"The actional ams of the upper and lower booms or 

the g i r d 6  deducting for rivet holes, nt the 
centre of each spn and over each pier." 

The sectional area a t  the middle of the length of the 
several245 feet f iess  differ in d h n t  s s p ~  m r d i n g  
to  thedifferent magnitudes of the stresses they ue sub je t  
to, m resulting fmm the continuity. The areas are greater 
m the extreme s p ~ s  of each continuous girder than in 
the iotertnediate spans. 

The followinq table gives the infosmation required for 
d l  canes :- 

Rquare in. Square iu. 
At the middle of tha length of each I / 

erheme <pm- 
Topboom - 
Boaamboom - 

At ihe mtddle of the length of each 
intermediate rpm- 

Top bwm - 
Bottom boon - 

111. 

"The weight of the ironwork. inclusive of the bed plate8 
of the girdem in each pin." 

We have ss yet no drawings of the pi& in sufficient 
detail ta enable us to olcnlate accurately the n a h t  of the . 
ironwork i n  them. 

But we have w i r e d  particulars of the f ind Pceounta. 
.according to wh~ch the cootnators were paid for the work. 
and we hdiew they mny be relied on. 

The piem differ somewhat in height, according to the 
gndienta of the railway over them. The 3rd to  the !lth 
plqrs mclusive,fmh the south end, arc the highest, and the 
w ~ g h t  of iron in each is givcn in the Doeuunk above 
mentioned 

=;R$ tons. 

The m1umus.m filled with concrete, wh~ch is est~mated 
to weigh 31% tow, making the whole weight, inclading 
.wncRta = 110 tow. 

"The estimated vertical strennth of the nirden of each 
spn. and the m d m n m  a&s p aqu& ineh on the 
u p p a n d  lower hooma and diagon&, due to the cled 
weuht and nssumod movinn M." 

The soawes to tbis question m u t ,  of nneasity, l r  somc 
shst complicatad. We harw not only tousoms theweight 
of the n~oviug I d ,  but also its wsition on the bridnc : 
for. m a n s u l < d  the eculiru a)tls&ctim. the amno l&d 
.will have d-nt dta when placed in d i t k m t  wsi- 
(iona. 

I t  wil l  doabtdess be mll known to the m m b m  of the 
h u r t  that in  deaigaioR thin g& stmctura it nas thought 
adviaable to adranbge of the prinaipk cfcanrinritg., 
B Gnncotiqf md .drders to~e ther  ovet tha pi- 
d w b e g i o n i n g  fmm the south and, the fust. five vs ns 
m cmurscted.Oogetba in tbis  m i u t o  ona m p .  l?en 
fo l loy  a p u p  of h, .nd then s se& ,pup  Of four, 

. .. 

,. ..-.. ~ 

On the top and bottom members- - 
.. :=..~~nki&:: 

sq&-e' in&&> . .,:-.a-$= - , -... 

: . .  
111 the nbow nlculations. \ve .have sdsumed.:orily o h  

span to lx loaded at a time. I f  ~ v e n l '  syanC were Io&d 
together, there would be no inmeuseof Btressoli the'middld 
p ~ t s  uf tbe ~ i rdcrs ;  on the connorg, the stnin.:.would be 
relierpd. I3ut the efPect of thc rontinuity would be to  
throw a p a t e r  stseas an  the parts over the l a e n  It is. 
therefore. neressnrvtu investirate thia b i n t .  for. of -eau& 

~. ~. .,>~, %!.~,~<;>.,,- ;,~=,~r.~~.~:>--: :7rF.~z- . -- 
clme to&ther : and it  ao3d~notbe.r~asonsble~56~:1s:it:iliii -~ ~ ~ ~~ ~~, ~~~~ ~~ ~ . -- 
far as W: !<no&, customq to 'design ~~ari_.cs&ptidnally l i q q  
bridg~, with reference to a rontinuotlb load of t h e  weight 
n~enrioned, wbieh would be a waste of exp~naive matqid: 

On this point, t b e ~ n r e .  we havetlrou . k i t  su f I ic i&t l~  
take ss a datum the g-..! ex.*dd jokd which can 
actually come upon the ndge in ord~nary umkieg. . 4, IVr  have procured from the h'onh British Comban* 
prt icukrs  of their hsavicst minual trains, and :c fifid 
lh3r m farm the waggons are c o t & n r r l t b c  achral*"ght; 
when mew ~ a n n o o i a  fullv lasded.canieo undrrthme;l&rttts 

To take exact scwunL 01 lhi.positio~~-~f:$iiq::ek~i~{~i~ 
would much rnmplirate the olcul~iona,:it.will .suiEcjently 
p v i d e  for them if we ~nie~ , fhe : . lo@:ove i~ .  thi+ht$$ 
bpan they occupy to be incrbas.?d'Triim. th%~fo&t~a ' t ? 'one  
ton pu mnnw foot. 4 

With these fosds the worst y+ihle eax for the 
orer n pier is where the engines stind on an  extreme spa&;. 
and ths  wsggons on one atljoining'in,hmediate span on$;. 
the p m  affected lying between th&e neana. If thc yiggrms- 
cxtend also to a aecond intermidiate span, the'str6$<0<& 
the Rrst pipr is diminished thereby. 

We hovo edeulsted the worn- out fully, &d;-,t&> 
m l t s  aie s h o w  in diagrnm No: 3. The iaixi+$;: 
strases over the p i n  will be seed t o b e  :- 

TwFi .. 
bquam *$h;: 

1 . -..~ 
Tension-deductio~ &&holm - 1.62'- 
Cmpression - - 3.53 



X ~ V  TAY d P . d  &8Wi'J?iB : 

p*ssuro. 
Tbe $WO,* of t h w  points involve mu* di&ulty, but 

yg :*l kiire iwrbgnrd to them tha beat information we 
~ ..-. 
;:can. 

(4 
in eatimatmg the surface oU&d by the guder m d  ,ib 

ap u r k n ~ o e .  to mud ~RLY~UIP, we sh.U assume the d 
t o ~ l u w  in a dveatlon rt right q l e a  or nearly so to the 

.,,di;gti;sof..the:bn'dge. 
Ttie~&rit hiifidant elanant of this surface is of r n l m  

: the-fmntrf& of the .windward girder, wbich is d i d y  
-&~j&to tLe wind's &ion. This is d y t d c u k d ,  and 

.. +<'mhke,it; including the c x p d  surfaces of platform, 

. rails,-handrails, and s tandd6.  &c.=1,95U s q u m  feet for 

.'part be hind.^^ 
On.the o*.&d, than a n  some mnaideretions which 

..fa;vow the.new!that ~ tb is  premun on the leemrd aurfscea 
-" .-, 

- ' I f  ~a e-ntlia checked by a d e s  of obstscka in its 
&i;i.Be;Gttiat o$j 6 oartDjn fraction of the Buid cm p= 

.-tbakh;!+ v.6l'buty of the current beyond the obstacles 
' i j i l l j ~ n d u c e d i n  the same pmporlion, and (which is of 
; rnore-nnportance) the jweuyre of the current them Itill he 
fiirth~r mhced in the ratio of the sawre: so that s Edm- 

~ 
- 

l,&+@y small ~sries of obsfyleg,dl  m& a large dimi, 
nutmn m the general p e ~ r e ' t e b ~ n d - t h e m .  

Secondly, it is acommon-rehdt:ofobemtion that-wheo 
s pwerful wind s* a flatis* perpendiculsrli, the. 
current is pmjectcd off oneachmde at amnmdusble angle, 

L 
eivioKaa din;& s'ec&idmbleblc behind the-object. 

'This id tkdpl i6 . t iDnkf  thi well-knvm fact that person8 
~mny&:on.thetii~.,ot a pier or a cliff when.& hviow g& . . 
1s b l o w i n ~ ~ ~ a n w c m l ~ . u p o n ~  it,.witboot feelinu any wind 

- C h k  in his well known WO&. e 690. It~hllows irom 
this thst a bar in front vill pmE s mnch wider & e l k  
hohind it than ia sin~ply due to its tnsd tb ,  and that the 
divuaios of the c m n t  tbua mused may p h b l y  diminish 
.conuidoably,the p-ure st a modvate digurnce behind. 

I f  nw..we look at  the leeward girder, rue ahall h d  that 
t he~wbo~~of ' t~e ' bo t t om portion in so well c o v e d  t ~ g  the 
f m n t p e r  and the.platform, that it may, we conceive, b 
mnsi ered oa enentnely ahelteied from the wings action,  up^ 
to about $h~ W h t  of the rails. Above this level the parts 
of the I d  Rid?. are more exposed, nnd taking into 

(y 
In answering the inquiry, what dlownnhe, if any, waa 

" made for wind pressure).) our simplest way will be to 
state the nature m d  utent of the mnformst2on that Ule 
engineer bad to guide bim at  tbe time the Tag Bridge 
was de&ned. 

The oldinarp aource horn which mtirmrtea of the force of 
the wind have heen usually taken is the well-known .table 
prwented by Smsaton to the Royal Society in 1759. This 
table gives a. p2.essure per a9ume foot of- 

6 Ibs. for " h@ winds." 
H or 9 l b r  ,. very high winds." 

12 lha. ,, '' a atam or temp&." 
There m still higher ures for " grsst storms or 

hurriacs," but it is state "ti that these are of doubtfitl 
authority, and only sppl to tropical metwrol 

the autientic record8 of m% p m s m  
gauges, m hesvimb stormlrthat have ooourred for msny 
yema, it b~ bean found that upon very limited s u d k ~ ,  &d 
upon very limited times, the pressure of the wind does 
amount sometimw to 40 lbs. per square fwt,orin Scotland 
probably to more. But the best authorities who have 
atudied these g a w p  have amved at a confid& opinidn 
that such high rue only momentary, e n g  
some i r r e g u l s r w ~ ~ f  theau, whwh extand to no *at 
distance. And if it a m n s i d d  sa s practical m&, 
what a lateral pressure of 40 lhs. per aquare f w t  r a l y  
meam, and what effect it mast produce, cmnmnn ex* 
rience must m& it vePy doubtful whether .any such' 
pressure can he sustained by objects ordinarily exposed to 
the wind's action. 

For these leasons, io desi ning the brid , a maximum 
wind pressure ws, d d u g  ovm g e  of 8 
span and pier, equal to about 20 lbs. per square font (bein 
more than double wbat Smeaton allowed for a '' very hiaf 
wind "), and the dimensions were d&ted  for this pressure 
with the usual margin of safety. 

We have dcnlated in this Report t h e  fa 30:lb& 
and 40 lbs. wind pressune, M we have be+n;d+, biit 
we have oslled them "exatssive p h w , ' '  being: heybi;d 
tbat for wbicb the bridge w u  de&ped. - ,  . - .- - ~. 

~ ~ 

(C.) 
The lateral ruistollee offwed by ile gird& lo loiad 

prenure.,Aa the effect of the wind is m c b  augmented 
when a tmin is on the bridge we pmpose to ne our 
notice of this point till the train is mnsid&Eh w a  
be in our answer to Question VII. . 

V1 . .. 
"The estimated sw@e of the tnin mpoaed to wind 

action, with q d n y n g  of the train in position, on a 
apm of the bndge. 

This queation d o n b t l e ~ ~ m I k  t o  the tasin whit41 n. 
upon the bridge at  the time of the casualty. A W n g  of 
thin train has already heen furnished to the Court, giving 
tbe dimensions and weight of -each vehicle, oa well as the 
lateml surface it exposes to the wind. 

T h e  toidaide surf& is them at&-at 1,759 square 
feet. But a o m e . p i o n  of this M indined more k s  to 
the wind'. dimtlona, auoh a t h e  large o y l i o d J e  of 
the w e ,  $he bu&s and lamp was, .nd thc w e  
-rife 

Making $lowance for theae, we edtimate thsrurfaoed 
the tmin M equivalent to about 1,1554 qum fed opp* 
at right angles to the wind. This does not take znto 
poatunt any sh* fmm t+ ?am of the 

The po&on of the ,*In m mfmwe to  the&* it 
wi l l  be mnvenipnt to hva to,s futw q u p h n .  . . , 

There M a p'dipt c~neotad Kitb tb effeot ot tbe.wkd in 
the train which to us of ao much iowrtanm. th& 



*d .  - ~ e . h a r a  +uLted what maximum fomq of wind 
nould.dii& to.orarturo each vehicle of the k.m hehind 
the ttinder. 

-We bave,ddded to the gip!. weighb of the.vehiies, an 
r l low~wo for 70 agengers -hied e q d y  m the thml 
c h  @g% &.&m, we nndcwt8nd, none in the 
seioiid oi.fhit.c+s). Calculati~lg then on theee dub, we 
6btiiii-t6e~follormng r- 

.R& ofdab+d which um& @M to w e r t u ~ ~  tk 
merd cimiuges of f h  Iran. - - - ..-p- - 

accordingly here explain the arlauhtions we have made on 
the subject. 
The n t ~ c t w e  of the girder w n a i d e d  with CT$ewnce to 

s aide pffasure aonsista of renistin tshlsk The two 
upper booms ofthe girdu, odnneokd hy'horioontal bracing, 
form one tahle, which we may osll the top wind table; the 
two lower @er-booms, which are dao connected by hi- 
sonW brano (and nre further stre-hened by the -d- 
way plstformf f o m  what we m y  mll the bottam wind 
table. The action of the wind gives a tcnaile and mmpn- 
henaive atreas on each of thsae tables of the same natlve 
as those resulting from the mud "er- loads. 

I t  cm be e a d y  ~hown that the strrssea resulting fmm 
tbe~wind alone, however fiemely it  may blow, a% sp insig- 
n d w n t  sa not to  merit notice. I t  is only when combirk? 
with other stresses in the anme directwn mused by the loads 
that they m u L e  aaention. 

AIlorlngfar the 

-- 1 open. shelier of tbe 
bridge. 

Lb.  

- 

For tLam&on, m order to judgeof theeffect of the a m d .  
it s n c c e a q  W assumes train of -me kind onthe bridge. 
tmt~c t~ la r l r  as the sade surfwe of she tnvn ooneidcdlv 

Lba per squnre 
loot. 
39 
99 
9; 
36 
Bt 
34.2 

i u p e n t s  the wind's action. 
There may be two wrietlss of &ect pmdnced. ,i 

I~emvy m i n d  k i n  will pmdua  the. greateat 
fiom load, but will o f f a  the least snrfsob.to t&e.f@ind; on 
the other hand, a Sight panmuger will pmd'Gce.tIie. 
greateat wind s e e e a .  but w i U  h.ve the:lertst 
loading on the guders. We cannot have the two msiima- 
t o ~ e t h a .  

- Tbne are-two maiderations whiab give a s p i d  import- 
.- DDce tdfthis-iroint. 
.F 7Pipt;if i t  id%+, as the best sntholitiw believe, that in 
h ~ ~ y . g a l e i . t ! i e ~ ~ . a r a  exqsptionel p s t s  of ,pat ?tmy&h0 
ivhi*r:iit for- limited trmm rud on h m h d  areas, it is 

Tn order to reduce the tet t o  h u m .  i t  is n- to ~ ~ ~ - - ~  ~ ~ 

ta t?  actual &uplea, snd we &re tskcn m e  of eacb kind. 
11.1 The bcnvy mmaal b i n  dascribed under the answv 

to the lVth oueation : and i&nn~ble-to ~onelnde'that one of thesa @k+wting in 
the li&ted sUrfaoe of S &&le cm&, m ~ g h t .  have f o m  
. e u o u ~ h  &~.overttwn it when the p m m  on the whole 
midge or the whole hain would be mueh m m  moderate. 

Secondly,,when once the windward wheel of acarriaW 
lift4 off its rail the stability wonld proportionatslg 

decrease with nn increase of tilt, m that if a momentary 
.gust gave dstsrt to the vehicle, a diminished pressure would 
suffiw tb mml~lete the wcrturniug to such an extent as to 

e a u s e ~ h e  wof to impinge ayainst the leeward girders. 
- -  -Thq'b~pljn~s 'wou)d do b d  little, we think, to hold the 
&dry!down, for they might be w i l y  moved through the 

=saal~diPttince wlzesponding to the upset.of the rehicle. 

(2.) The light p&ngcr * k i n  that  met with the 
c a s u d ~ .  

HEAVY MINERAL TRAIN. 

We have a l d y  atat4 tbe -&t of this as load. I t  
remains to estimate the addition due to the sde action of 
the wind on the girders and the train. 

.Allowing for this, e t  the several pressures mentioned in 
the questions, tbe results come out as in the acmpanying  
table. 

1"Ihe Gtal estimated surfsoe of girders and +.?din wm- 
" -bioed, erposed to wind p ~ ~ ~ u r e ,  stating olso sny 

oni l~~hat~sl lowmas pras made for the shelter efforded 
liy;+ w i n  to the lmward girdar." 

A s e u a i n ~  that thm inquiry &ern to the trsln which wan 
pqing.  ooi,er'the bridge at the time of the csaudty, we 
eitiiniite the,surfsce as follows :- 
. S d o i s l  Peet. 

This train will nnly 811 one span, and to.pmdnce with ri: 
the. g w a h t  &in on the girder, both as wgards p i +  
and wind. we must BuppoBe it p 1 4  on nlw of the rrtrrmc 
s nsof a continnow group. The efficts will then he as 
a f P m  in the table. 

TABLE showing the MAXIMVM E P F ~ C T  of WIND on the 
Gtnaans. -.. 

. . .Su?&pF~windwawl *er - 1,9511 
I ~GriZe~of'train expreaaed in equi- . . 

. -. .&lent flat.surEM - - 1.651 

. . : Deduct for shelter by the bua of 
. .I the  i windward girder (214 less 

:i5r&,r s h e l k i i g  indined anlc 
..facLd ' -. - W 

Tom 
8 P? 

H u v r  M I ~ I I A I ,  TRAIN. /sq. m 
Tellsilo r w  on top 

boam over pis .  I e b  
m d  ai& (ISivBU de- 1 
ducted) . - - / 4.62 

(~ompreesiva s t m  ou, 
bottom boom over l 
pier, windward rlae - ( 8-65 

Surf& of leeward girder as f o r  
merly estimated under question 5 

V+uet for shelter by train as 
shbve - 

&ke hdf  as effective (sa explained 
' u n 3 n  question 5) - 

. . 
XVII, 

" The &ted maximum h 8  pn tao per sgmre ineh 
w h t  on to the nppa and l o w  horuontd mars 
b m n g  of thm @ere by w a d  p m u m  oi W b., 
%XI lhs..9Ulha.,40 lbs. p r  a q m  foet." 

:W%-'Ptm? t& mtariWmtariw has' h m u a  it rdlv  fmma S 



~i TAY BB- 

-~ 
S o  eredit$ kken  ilttheae qdoul.tion&or the stifPeniw 

&&af the  pstdorm and p u e n e n c  way. which is a0 wn- 
siA.-hlr that it i i  often deem& sufbient of itsrlf to &rd 

square fed. b L- % ,  
I, I X .  .? 

I'l~e:etilpr@d maumum pesaun  io tons per square 
:jpch:.on.tltt txIJ6 columns n e h  their h- arising f;om . 

.of the @m the nddi- 
: t i & t ~ j & ~ : ~ f - t t i e  engi and train." 

:>l%ih<n~,firv:.'~$~;~t$i~~~i"est~d.we havetaken into account 
~~e2ett&t%of{~nt!nefty'iq e i n g  the preasnre on the 
,ji*. . . ,- . ,. 

With the i n l f o i i  a of.the structure onlrfihe 
fiim mo3t strained;is t h e  w e n  +hextieme span and 
the adjoining i6t.pwdia This pier b r s  consider- 
sbtynlwe $ban. $he .dead of one apedng. Adding 
tii this the mkht of'the of the hiet above the h u e  . 
&*S, we $ndik;t the m& r e d e  un the colnmns, 
w r t h e i r  bnsw,~iwisihp; hm%&d deight of the struc- 
:ture, will be 1 .' &M er 4 u  inch of metal. 
. i t s  regvae I e  d b t i o n  *l W<, load. mu$! OF 
odurje fir on bcmekind o :.#rain, M e x & n e d  in our 
-n-+sv& to.qu&on IV. ' Nv t&l & w e  h e r e  
ni&ntiqnad;:,&d~$e,~rl.thst t e one w6icb'will csuM the 

~ h e i i @ t j ' & ~ n ~ ~ ~ r e a s u r e  the pielytaking acmnnt ot  
t ; e f f e e t . q f i + ~ $ t + i ~ i s  th!&aV . p i s k i  , covezing 

c p m d J ;  amely,'one e-pan and one intermediate 
apmadjoini4P : ~aliulating;&refore, the p-ure n the p i a  be- 
&@ tw;d speua; hnd adding, an befmfthe w+ht of the \ .  .pm, W C  ohtaiq the m i m u m  oa t h e  cnlumos 
-.their b a s q  due to the comhmed 'W pnd live loads, 
equ6.to 2'26 tans par squtve inch of metSri 

, . l X. . .. -. 
" The in- of prrssure b r o u ~ h t  on the 

l s w r d s c l u m u a  nar their basa by the nedoo ot 
wmd-re, d s h g  aepantcly ita &eet in  tons 
pm s q w m  inch on the outer. l b i  eohfmn,snd 

on the two inner columns, and mMurnipg praauw 
of wind 10 ibs.. 90 lb., .?U lha., .H) Ibs. pm aquare 
foot." 

v. 
Al. 

" The estimated diminution of p-, mii the tension 
(if my) broyt ,P the windmni mlulhas with like 
p m s u n  of mud. 

Y l l .  ----. 
" The wtimrtcd tension (if an ), stated i n  tons per 

aquare inch, on the bolts whicg connect the d n d d  
mlumna d t h  their banes, and on the holding-down 
bolta whida meet the base of the c o l u m n d ~  

. the masonry." 
XIII. 

" The above rstimstes 6f the Saect d wind y m n r a  tu 
he made, ftrst, when thew is no tmin on the bridge; 
aurmd, when the tRin is on it." 

I t  will be n ~ o &  mnvewent to take t h e e  four queations 
t o ~ t h c r ,  and give a joint'answer to  them. 

I'he manner in which the combined v d d  and hori- 
.wntal forees will he di&uted between the wirms legs of 
tile pier is sa+hat obacure, hut we have leads the best 
btimste we ean of the d i d o n .  The eltst of tbe Intern1 
action of the \Ppd will be mwt  felt on the extreme wind- 
ward end lee& columnil, but at the same ti,me the inter- 
mediate onea aid materially in furnishingthe n- 
. 

According to ihe  usual well-known rule for such she- 
him, if the rrarliaut 4 the horirootYl and vertical forcea 
#allr within the h e  of the pier, it will be atehle without 
any need of tpiw down tD the .foundation; wd WC have, 

pier. P 

We find that-with no train on th; bridge the pier All be 
,tobla so lgng ss the prml prrcaure duce not crrred3i'4 
IIm per ngunre Tmt. Beyond thii it must be t ~ e d  down. 
and c m q u e n t l y  for the erhmq+pressure of 40 h. wa 
have mlc&ted p e  necessary tenston on tbe irolts.ass~uni~tg 
that, hy mason .of t h  mall colyrressiuiltty of the con- 
a t e ,  the d o l e  comptwaion will be taken hy the extrewe 
leewwl column. . . 

In  calmlatiag the i n e d  ssuen of tbe.wind on the 
p i u  w h e h  traii  is on the bridge,)?$ hare taken the moat 
u n h v o u ~ b l c  ease, that is, a..trai~.which. with a compara- 
tiwly amall weight, offvs s large $tie snifoce to tb wind ; 
at~d  we cannot have a more s u i t a b l e e ~ ~ ~ l l p k o f  such s t ra in  
than tile h e  which oras crossing t # a b r i d ~ e  a t  the time of 
tbo casualty, of which ws have a M y  given particulars. 

In aosveri~~gqueation XVII. we sup sed this trbin to  r cover one span; hut it  will be rixht ere to c b a q e  i,ta 
l~si t ion,  , h t  is, to ~ u m c  it  standing directly avet  one^ 
pwr, W M t o  g& the mcst trying eireot on that pier. ~ 

- 
Under tbis cou&tion the pier will be stable aitho,it:.irolts 

till the wind passure m h e s  about 34: lbs., ,&&id wh&h .. 
i t  muat E.tied,down. 

l 'hc following are the sbesses, in tuns per square ineh?of 
metal, sustained in the wioun araes mentioned in the 
anestions :-- . 

~.-NO T n r m b n  Bn1w;x. 
NosiDd. - - - 

-Wind, L0 l b .  2 - - - 
" W , , , .  - - 



&c SPAN Crm~sn MIDDLE SPAN AND rws ALONE LOADED WITH 1% TON PER r o w  RW 

STRCWCO, IN TONS PER SQUARE INOH. 



. . . . . .: ~- . ~. . ... . 
' h e  b&+$o~~:am gism 04 $!m supposition that 

.-the hetQ-b-- !tie whole might, n e w  baing allowed 
fbr the hearing poweiqf the conmets illl~~. 

In  rqprd to .the bolts which hold down the halumna to 
-the maabmgoi the~pier. we informed that they are four 
-fm ,%h, c?luiun~ l S i n  dwneter. This will give morn 

1 pi.s,pi.s~an the bolts .which connect the flanges of the 
'd$l~m+!;Pnd.ttk ionfion on them most be reducad in 
proprtion. . . 

. ' .c We m b t  a@h state that we cannot believe the two 
p s u r e a  we have marked "sxcsssive" could evm occur 
over the whole aurfwe of girders, ier, and hain ; and that 
before 40 lbs. could he leached, i e  train would he over- 
thrown. Hence me believe that prseticaU no tension 
oonld arise a n  'the.windward mlumn whicg could affect 
the'aafety of the-pier. 

XIV. 

- ,  ,fi ~ d & d i ~ ~ i & b i a  :and mode of fsstening the holding- 
- . - ~ - d o w n - ~ ~ i & ~ ~ , ' t h e  rnaaour or brickwork, and the . . 
. . I -$eight of ,.,masonry or bckwork, which would 

' -o$x+a;i@~.~&.ting tension (if any) on the hmes of 
.each uf the.windwsrd columns." 

. . 
-' We.have &~n~,informd,,by Sir Thorn- Bouch that ths 

bolta.h& mfqed-;tomre lnwh bob," 3+ inches in din- 
..metirXtt t h i  -low& end, and 1J inches diameter at the 
uaa+end. - r r - -  --- 

'I'heg pms thmunh the castiron base pieced and, below 
these, slao thpough two wurses of ashlar cup+, togather 
2 feet G mches.thck. The bolts were run Into rL holes 

'+tii+ment 
 the weight .of maannry which would operate through 

-:the~e:,~tiolts -5 .holding the windward columns down . - 
depends-.on .tlie:.holding power of the cement or mortar, 

-which'% :usu~ll< taken at 10 to tonu to the square . . 
Toot. ~. . .-. :Itihrs. holievek. bwn earalsined in the anawer to thlr 

. .. -. . ~ -. -~~ ~ ~ 

xc+n to..#mvide any &choring under them. Such 
;anchorsge ai th&ia, wm, we presume, intended to add to 
.'t.h.margin for atability without any precise determinafjon 
o f  ita amount or vduc. The condition of such a wmd 
:pressure ae would render anchorage absolutely neeasuy 
was not; we believe, contemplated in the d e n .  

XVI. 

" The ediuiated maximum aimss brought on the diagonal 
tien in tons per square inch of nett sectionsl srsq - t ak iq  into amount the angles at which eome of 
t b m  are pkmd, aud asau prrssures of wind 
of 10 lb . ,  20 Ibe, 30 l b s . . x  40 Ibs. par square 

'- foot." 
: !I'he-s.+eon;w diagonal tiu of - the pier are d i5cdt  
-.to!gl&ilats -""in&'th@ the a&a nn h e  by the -W+ 
i:~gw&it:res&%&bf.~y bsrs in di&mnt positions. 

-, .We $.ive;:$h$$it !the m& . b t i & & r y  d h o d  would 
&&.fo&Pes:- :. . 

. . &,,'weaja& . whi. a d  htad motion of the-: 
toy plane of the 10- tk of oolumos, pmdllad by a 
hmhntal  f o m  avnlicd t h e m .  

batasen sly hazk0nt.l fome applied to the pier; and the 
atream on any given tie. 

The maximum stmasa, on the diagonal tics in tom per 
a q w  inch of Beetion are ar tollows : - 

I l Pier. 

We have taken no credit fur the sti%ening dffit of the 
concrete inaide the columnr. 

We rue, &c. 
(Sined) WILLIAW POLO. 

ALLAN D. STRWAST: 

--- 1 -  I 

DETAILS of CILCULATIOS of the W I N D  PRESSURE neceb 
8ary to overturn the Secn~o-CLASS C ~ n n ~ r c n ,  made 
by DR. POLE and MR. STEKA r. 

Wind, 10 ibs. - - - - 2.6 
,, ao , - - - - 5.31 -- 

10'41 

The weight and d~mensions of h e  cm& e are taken 
from the drswing supplied by Mt. ~rummons.  

A deduction of 50 per cent. is m d e  for all rounded or 
inclined surfaces exposed to the wind's actton. 

3.39 
6.79 

10.18 
13'58 

I . - E P P ~ ~  OF &LAVW TBNDING T O  K E R P 1 ~ m I o  
CARRIAQ~ DOW~.. . . 

The weight of the empty cnrria, e is 
given by XI. Drummondas6' 5 = 13,328 iba. 

It ia stated them w m  8 p m w q p ~ e  in 
it. We estimate theee, t&np the 
average of sex and age, at 120 lhe. 
each - - - - 960 .. 

Total weight - - 1 4 B  ,, 
-8 

Assuming the lee wheel to bsar: on the centre of the.mil, 
and the flank to he presaed close up to the ins& edge ?f 
the rail, the hori~ontal dishnoe of the centre line of tbla : 
carrisge from the bearing point will be 2 ft. 5 in. - 2+ ft. 

This gives the moment of effffit a€ p+ 

11.-Brrscr of LATanhL WIXD P n ~ s s u a c  tending to 
overturn the C.%ESUAOS. 

PM of bad? 
and d a r  h m e ,  2.2 feet 
longby 7 feet b i  . - 

FM aurfaoe of wheels, .ad$ 
boxes, uxle-goards, &$F, 
spring - Ittachmeots, eteps, 
coupluq-chn'i, brake. ap. 
mtu, aid  other wpm- 
CenaneGa of U& frame 
(There are not shorn on thc 
drawing. but xe dmace 
them at lasrt at 20 square 
feet,with a nw hoight of 
1 foot B inchee above the 
-In\ - - - - 

v>T~A e m  of caned mf, 
22 feet 8 i n c h  long by 65 
inches = 11.58 m@c*l 
feet. W e  h d f a  efkotive, 
thc middle of it bebe I O W  



.- 
. T W ~  buff&* ~ i d  buffer blocks; 

each about 1 quare faot 
Take hdf as a&ti~c. Cen- 
tres, 3 fwt 54 bches above 

-tlittis Pail (S lssttcd by Mr. 
I)&ond) - - - 1.0 

Feet. 

8'4G 

Dedw for t h h l h e n t  of wind 
for& oiimf.tmdin~to p m  
the caniap down (amount 
4s given by ~ r .  LW) - 1 - - 

. .  . .- ~~ -. . . G:: .~ , - ;-... ,-l., ... - I l I 
,;+w~e;t~e.pressnre-of wind necesssr to ovcrhun the 
. . - .)....-k:.>: , . : 31 525 
- ' ; ~ ~ ~ : w h e i 1 ; 1 u ~ t i c I ~ d - w i l l  b e  = 314 l b .  per 
. . .."..-I; S.  .. . . , ..:._> __ ... _.. . . - .;s~W&~f-$:;; --*i,2 
. - . :. +i.. ~amonnc~of~sheliei , _=..S ... the ,&&ge can obtain fmm the 

@er-!n.front of tt varien 'in ditferant positions, and we 
eptIp$e:iCet:.i minimd n, nu equivalent to reducmg the 
-ov,eerhvniiginmoiient by about 56 foot-lb. 

I he:wind paw, therefore, nec~ssary to the 
34 529 

sbeltend Wiagees will h 32'9 lbe. per square 

JYmk Ccmmissioner'n &, 
> . .- .. ;._ : .- - - Somasd Houae, London, WC, - - - . -, - - -. . 

. . \ \ ~ ~ r ~ ~ i d & n c e  o?be coneluding psngraph ~ J O W  
let& of.thi,3X7inetant,in which you. sey that not being 
an,cnl(ide:;iou ai8:not ibk " t o  s q @  the probsble 
:" atin of<'the. -rT but . t b t  you sppn-hend that 
" .such-mht be f&nd in.aecidents or incidents rhst could 
i'!-n&tE==:,h.+:be&~fmcse& or avoided in the working of 
?'WC orei~tiig16ridge," I would beg to observe that it is 

:nat:yo@oj$i~dividual opinion that the Court wm deai- 
maof  lh-@on' the questions wbieh ware submitted in 
imr l&er &;the =NI of Jsnusrg last. What we wsntcd 
~+tbe-ideEh@ate opinion of tbe Compnny, with the full 
kriowl@ge,ww:thev must now have of all the facts, mare 
'~th&.two.moiiths~b&na elapued sin= the easudty drrumd, 
.+&after 'full .consuldtio<with its e ineem and officern 
!on the . ; fd lorgi~~~o&ts ,  namely, on W at grounds they , . :._~ "a 
., . consldEytljS$iri%~@ ~~ ' have been mfe fop the e of 
. . tiaihs.. hnd:tb^w t causes thev "attribute t m 1  of 

, .- = - . . 
( % i d )  ' H. C. ROTHERY, , 

The -, Wreck Commiasimcr. 
NorthrBritA Raileay Company, 

EdinGgh. 

: : : ~ b  N&h British Railway Companp, 
' -  . ;. General M d a  O5ce . 

~ 

S -  -:.. . . .,: . . . %. . ~ d i i b & K ~ ~ h  l 2 ~ h ; ~ ~ l ~ ~ ~ ~ -  
.. : .~ ~.. ~ ~ ~ v s . ~ . s c k n o w ~ e : i e & p t . o f  .yom Id+r~$  the ~&.& ... .~ 
, . , . ... , ,:. ,>nd .... t p t h  ppe i ' t t o  the iitqui?i& thq$prj2de '. . . . > .. , c .  .. .~ .. - .  

b r i y  on the Sth ~ e c d b e r .  AB the inquiry p d  
the ompany will lace befme the h u r t  OF wbich you 
preside all the eviinoe ealmhted to throw lybt  upon the 
subject which they can nwmand, and they venture re- 
spectfully ta submit that this is d l  they can be expected to 
do towards uaWying .the requirements you have made 
upon them. 

I-am, &c. 
ISiedb J. WALEER. , - ~ ~ .  

H. C. R0thngngng l k J . 7 .  

Wmk C a m m ~ s ~ ~ m u ,  
Somuset H o w ,  London. 

IVxeck Cammbioner's Office, 
Somemet House, Londar, W.C., 

Sm, M m h  13tb  1 W .  - 
I s e n m  be obliged by pour infmning me 3 p n r  

edieat convenience of the exact distances betmm- 
(1.) The West Nes~port and Dundee Stations ; 
12.) The West Nevhort Station-and the South &bin: . , -- 

(3.) Tbs &nth mdiyorth cabinu; 
(4.) The North -bin and the Dundee Station. 
I s h l l  &o be glad to h o w  the snnt position .of.the: 

distance on the bridge. 

The Nmth British Railuay Company, 
General Managu's OfBce, 

SIR. Bdtnburgh, M m h  17th. 1880. 
YOUR letter of the 13th inatant, t o ' t h ~ :  

sacretnr)., has been hmded to me. 
The exact diatanets between the foIlOWing i&wea:&-:&' 

noted :- 

I. W& NeaportaporttoDundee Stations 4 1 .- 
11. Weat N e w 4  Station to theSouth 

cabin - - l 42& 
111. South errbin to Nortfi d i n  - 1 77s 
IV. N& di,k Dnndm Station - 0 588 
The distance signal on the bridge -.t the nortiead ia 

686 yards south of the Noah d i n ,  audtba -BB 
on the bridga at the mpth and ia BSO - p i a  nortkof the 
&uth ohin. 

I am, &c. 
J.W.U,rpa 

mm, . 
So&r& House, Lordon. W.C. 



z.,&EB~*:&b*&~.d dg..* 
*era:;-+ them ggr.*bsM.aritibb a8B-y 
(T &idhand I&ih&.~, ,ZB7@amd~ ,&ar&,i~~&Z @to dbaehooe..a bnage wee the 
cEivw Tay, ab& l&.'mlles the W e  at D&, 
'-0Cing o%.t&ehe.PiPBda of &~e.rivez, dt m a point 
w o r n  aa, &argC&g, a little to :%he asstee Wormit Bap, 
md , t a rma t iqg  on the PO& aide, now Dnndse, &'M%- 
dal&eor.Bxigkin@q Point: And &rrss 61~dntpight e, ~@oq?, ?nd.d+owinga of the add bridge arid workn, 

W+ Uls-,eppbon of pmvidimg and laying the permanent 
& and~d+~,~wmp&ing all the works *dental to the 
"&~;obnstiyo6onmd mmpktion of the m e ,  numbared 

reip&yeli.l,2;.3,4,5, 6, 7, R, 9, 10, 11, IS, 13, 14, 15, 
~16-17,,1.0,~19!~~.W.21, .= . I B, 23.24,%, !26, 27, and B, and 
: ~ u m t e d ~ : m ; t h e  speclgcstion of m k s  annexed h+, 
.b.+e@ii~nig~:by.~iiomsll Bouoh, Esq.. Ciml Enweer, 
'Edinbw ,:t. e Qompaq&eneer, and m d-netted 
.onKsigped-b the laid mss Bouoh, on hehalf of the 
CompinJ, anb %the A-ey of the a i d  mntaaotors as 
S v e  her&, and are to remein in the hands of the 
GmpBny I And aheraas the oontraatars made an offer to 
constntct - the  +d bridge and works inoidental to the 
.I,erfec6 m&rwtionand wmpletion of the m e ,  except ps 
.aforesaid:and that in terms of the enid speoifieation hereto 
snnexed:-md docqueWed and signed ur relative hereto, 
arid wmr@ng to the 6 . d  plans, wctions, and dmwinge, 
ldnd mth:referenee, for the purposes and to the affect after- 
mentione'd;to:a detailed&iinats of the prices a p p l i d e  
. t o . t h d v & L  ~srtioulara or items of the works of said . . ~ "  . . 
-biidg+d::+ks incidental to the @ed conubuetjon 
: s i i d ~ ~ o r c i P ~ o n  of the m, except ss aforeasid, of which 

a cqy is hemto annexed and docquetkd 
&d. <i.d o8 lslstivs baeto, and under the conditions 

h e i e i p d t e  wriW for the sum of 217,099I. 18s. 6d. 
-'itbilmi[.: - A n d w h w a  the-Company baveseceptec! thedo* 
i&dbffcr.: Thaefore the oonhsotom have b m e  bound, 
: irnd hetzbv hind and o b l h  t h d v e a .  snd theirereeutore. ~ ~~~ ~ - - "  ~- ~~ ~- --. .-- - - ~ ~  - -~~ ~. 

admni&tom, and sucesasors, dl conjointly and serenlly. 
that thy shell and will well and aubstuntially, and in a good, 
'dcient, ka t in~ ,  and ucac and worknuntike manner, aad W 
the entira satiaIadion of the engmeer. and of the atbitcm 
. bereinaft& named, both ea 4 s  the materials used and 

themode of tbcir nrp, make, exmute, and mmpletethr said 
bridge, with d workn inoidental to the ppfmc coustruetivn 
and completion ofthe same, including tbe findirtgand pmnd- . .- 

-mg:dlfmsteiibl,pennanent ,,bd$sidirjas . . . end Gmpmsry, &weU ss all 
e;of matsrial, porkmanship, maohinerg, ves- 

~i&,~.b&d;?b~~&;.~dinga, toolq implements, and 0th- 
'phut , ~ e ~ f f .  n e s s s y  for setting out, construchug 
and iomplatiiq the said bndge and wmke incid ental thereto 
.re sfore+d:.~arcepting the prvviding and laying the 
: mmrnt- ra i l sad  chairs), and that in t e r m  of and in the 
:&uher-iliilqi6ed in theenid speoifioation, and acwrding 
to the  plsns;'mtione, and drawings hefore mentioned, or 
oarordingtosurhothw altstcd or explannroq plans, emions, 
or dnwingn as may from time to time be fnmished to  them 

:bytheCqmjsnp'~eoaineer, declaring in miting that the said 
~.pec16catron, In no fsr M not he& eapm,resslp altared, shall 

..'-fGm an iutegral of these p m o t a ,  and tbe contrxbrs E" bin11 and ubhge t unselvu and theit fores3atu abde by 
m d  implement themassme, and suoh other ordem and inamc- 

- tions & may from time to time be given by the enfinea for 
- t h e  pupone, except ss domenid, of earr]ring rhe whole oftha 
' avrka of .mid bridp and works, i n c i h h l  fbersto as do* 
. gid,  or any altentmnn thawforarlditkns&mtoor deduc 
' tions thPssfmm intu e8sct. Dedsring dso thst though m- 
t o i s  descriptionsand n t i p h o n a  m y  he l~peated in diRu.- 

a t  park of the cnid cpdicatwu, and in this contrset it 
sbsll no+encebei&rred that the d u i w  dirretions, de- 
s a i p t i m a , o r a r n p ~ t i o n s ~ m  m a n ~  aise i ndds ted .  Da- 
o h n g  840 that ths aogioear ehall have powrt stall timea to 
d i r s t  that tbm ahdl be made an devbbonu fmm the line 
of the bridge .a BtaLrd out and Jelinaatcd upon the fom- 
said plsns, Pactiolu~ aqd -additional works, or m y  
dCarations in addition ion or etiona £tom wg i f  the 

works het& or in dhe said cnhon desnibed or '. . sdenedto: d e d t h e m m e  mtlun the powem 
m a f a r e d b y g ~ a i d ~ e t , a n d  t b e ~ ~ r a t a d t b a r e -  

'cvirb.witbot vitietiag this- m dbdiug themid 
dsMdl es t id t e  ; the value of the woikein iJ1 m& cnsa, 
of dssirr(iom, uldi t iod  W&, altemtkm, sddfti-, or 
dedacdi~es;to be addsd (o or d e d d  from the srrm due 

W aits work, dsrmgd* m m y t i o n ,  or  0 t h  cluriis 
wbat&ve~j h*. d W& statemtllb md doow,ts 
(ULd daims shaU be mvehpted, valued, and settled. by 
the engioeer, acoonling to the prices in the said detailed 
estrmate, no fw ss the same are spplicsble thento, and 
wheie the name are not applieeble thereto according to the 
valuation m d  assessment of the enginsr; or, in the event 
of dia ute, according to the vaiuntion and aseessment of 
the *&tar &r named, and the amount of the mid account 
for the wid work and cbLns  on the part of the contractors 
shall, arks the amount thereof has been oerti6ed in writing 
se correct by the engineer, be aid to the conblLctom, &W 

deducting l0  per cent. ther$ w h ~ d  shal  remain in tlie 
hnda of the Company till the completion of the whole 
works, and upon the completion of the whole works the 
whole of the said deduction of 10 per cent. shall be paid to 
the mntraotas, or their foresaids, U ,on the whfcsk of 
the engmeer that the contractors and their foresaide have 

their pnrt of the contract, and the whole obli- 
gations inoumbcnt on them under the same, to the satis- 
faction of the engineer; and upon the further certificate of 
the urgiueer that, after tak~nu into consideration the  
mumd obligations and alsims of the Company and- the. 
contractnrs, the a m n t  of such deduction of 10 per cant; 
is justly due and owing to the wntnrctora, or their fom 
aaids; and it is fivther agreed that no moneys dtall be 
deemed due or payable to the conWora or their fo&& 
in raaped of my account for work or claims under this 
mntmct, orin mferenoe (hcrcfo, in any way except the same 
be c&ifM in writing as cotteat by the enginecr afore- 
mid : Such certificate not to be withheld by the e+ney 
when due and ap ed for by the s ~ d ' m n ~ t i ~ t s , - e x ~ ~ t ~  . 
on d t e d  valid anEubstsntie.1 @nu& A d  in all settle; 
menta of acmunts between the eontmtors or their fme- 
saida and the Company, it is hereby n(lreeJ and )mvidkii 
tbat no payment for extra work or d-tion or devia*ian 
from the works specified in the usid speci6cation, will be 
a l l m d  by the Company to the mntmchrs or thew fore- 
saids, unIes.8 t h e r m e  shall have been done undar the 
written authority of the said engineer ol. his authmiaed 
agents, or by ore1 directions given to the contrsctora or 
their clexk of the wotKs by the &d engineer himself,.and 
which authority shall be pdnced  and oral directloins proved 
at the time of the settlement of the a c e o u q t : , ~ t ~ i t h e .  
contmctors or their fotwsida spd the Coinpyiy, o$Iietwise: 
the cont&m M their f&ds ~ h a ~ n o o l a i m ~ f o i : t h e  . 
said crm work or wotk caused by Baid altenrtion or d+ 
tion. And i t  ia hereby agreed th i t  d l  e x h  or unsyenfied 
works thst may he done wrdu thin contract sh& he done 
aa apsrdfed works, on terms of the sad apecifiostion and 
detded estimste, dcdariq that should any small discre- 
pan&& between d e  rneneumment~by the scale attached 
to the eaid #MS, d o n u ,  and dnrrrlngs and the rvntian 
dimensions in tha said speci6c&ion,plans, aectione, and 
drawings the &ten dimensions shall be taken 8s W&. 
And M is further s p e d  that wherever neither the mid- 
plans, neotions, and drawings nor the said specScafian.mn- 
tain any notice of minor - p m ,  the intention to  include^^,: 
whicti iu clearly to be i n f e d ,  bnd wbich p&@ 8% n e-f :. 
for the mmp*on and atabilityof tbe works, all suc 
additionsll things m to be done and pmvided by t$&n- 
eaotors end their fommide and ate assumed to be included 
in thebifore-mentioned s u m  of 217,0991. 188. 6d. sterling,. 
at which they conkact for the works shorn npon mid,: 

Inns, sections, and drawings, and specified in such r-- 
h a o n .  And wherever anything is dwted tZbe ne 
or pmvided, if required, i t  is u n d d o o d  and q c e e d i w  - . 
everykhing Bo r e f e d  to, p r i d e d  the same is <ne+&.t.~ 
for mmpl&g t h e  said works, will be considered as &h: 
ineluded m the &d sum of 217,V991. 1%. Gd.;,the;tme.' 
intent an8 :maaoing of this eontract bemg, that whet+ 
the same be apenally set fortb and expresoed, or not, herib, 
or in t8s said apecSatim, or npon .the said pbaos, sec- 
tions, and &wings, the wntractmsand their foreasi* W. 
unless where it is herein expressly provided to thecon-, 
pm.ri& and furnish, without any e h  ptica ot 
tion .thef&re, all the m a ~ n  and lnhou (exeting the  
pmviding and laying the permanent rsila snd c h ~ b  which 
shall be done b the Compsoy) reqnisite for the mastnu* 
tion of the said d d g e  and wh& w+sincidmtel,@:*sr 
perfeet comh~~dion  and. w m p ~ . o t . . t h s ~ & i & ~ a i d ~  tliatr5 
m BU respects in an e5cient apdBorkmsnWrb n+&&.&d; 
to the reaeonsble ssti&&rm. of the Com@r#aen&&. 
And it is hdehyprovided abd dechaed'~thwthvmtmatom 
and th* foi&14b ahan 'brmaealueqeh~h, and li.k of stt 
tig oat ' t h e w  *W&iipa.?'bS%wd:shsll allow@w 
engineu c)i s a p s r t ~ e w ~ a ~  him to hor. mrkmm 
orl~bbmar~ ~ S a h i i f i ~ ~ : w ~ - m & X l ,  atalrta, 

&, .orCS wFB?&a 
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a d  &-shall~,pmvided i n thsas idaped&tas t  s h J l b e ~ t o m v n r ~ b s d ~ ~ a n d e x -  
pa&ia& which M thsldn.lsquired to be U, v d  paess, tbe oontnctoPs bind 4, o b l i i  thannlw and 

tb.t:dl"aith&~t :*y baiog made fm the same, a d  their f u m d a .  to pay tbe yms to the hampmy :on 
-~ . hnd end ob e thsmsel~.s and dmnrrad But L i s  hmby pmvidad a a d  de&d that 

.*CL fm&di that the m k a  si~all % beurm wirhont the .po~asnion by we  angineer of ths porvm.contais~ in 
d&j'+the bi5ing of thin mntract, and the Bpid WOIJ(B this a+de eh* not in ~y +,mbve the mniaybrs 
shall -be :.c.&ed on eo that- the whole works spclfiad m and theu foraanado o f  tbeu ohl~gat~ow to poemd m the 
ssid-~spt+Oation and a b m  upon ssid p h s ,  sectlona, ereoution of and to complete the nwks with $be hsrepuired 
and dmwngs, and-swh additional works and alterations as expedition : Or otherwise, if the contnctors or lbeir fore 
the engine& may d i i  to be apcuted as afore~~~id, shall be sads shall not continue to execute and advauce the p% 
%oiahed, and the mid bridge completed in e v w  m p c t  m s  of the works, or any portion thereof, to the astidsd. 
(the Compinny.on?y aupplrina and laying thereon the  er tion of the enginepa, or if before tbe oompletion of this 

' C-ent.:rsikmd c b )  within tbree y- from the 8,- oontaaot, the eontracton, m their foresaids shall becnme 
. - 6fi .khi~'Coit~t ' - tythe end snd effect of the said bridge hankmpt or insolvent, m eempound; o r  propose b corn- 
.-.,beidn _ open$ - - -. within the said period, &h the sanction pound with their creditors, or W. on huainesa .under 

- a i d  ap@va].bf -the Boaid of T d e  or their inspecting ~spectora appoir&d on hehslf of $heir eredikm, then and -Gd~; m the went of the contmotors or theu fore- m any of t h e  raaea the Campmy ms~,.if they think fit, 
Midi  fd idK tocOmplste the said works within the sqid determine and nt  anend to this contract, so far as ?gat& 
pdod .o:&t%htbs mid bridge may be opened ss lfpreen-ld, *he future perimmnw thenof, by or under the dveotion 
t h e w n ~ G i a & n d  and oblige themselves and thew fore- of >he c o n @ b m  or their foresmds, and forthwith give 
saids to pay the Campmy M a liquidated sod s p e d  on wrttten notm to the contmctom or their fomaids of such 
compensation for any delap thereafterthe aum of 2501. per determination, and immediately on such notioe being Cir.eq 
wee& for week during which the +d works shallre- all sums bnd penalties, if any s h d  have sccnted for non- 
liisinunfinishsd, ahd no plea in j u a ~ c a h o n  afsuch delay. fullilmcnt of this contsaot, sbdl be forfeitad-to the Com- 
u + y i t q  mentioned, shall he deemed vahd, and ay; and all mtaials, horaca, engines, machinery, vessels, . - 
M the .&!I? h d ;  for o r b  and eveq mek the bridge kta, hurg~s, building took, implements, and whole other 

+%$Ge:opened.-fo<traffic before the u irationof the mn. plant of every description pmvided by the mntractma may 
.- wjtiine;;tfj - ,, eimntiacton to be paid t R e sum of 2501. per m such a m e  be taken pomession of hy~tbe @ m p y . ;  . 
:- ?$e&:d&iri?&,th~t t@e mid payments pt0601.perweek by a d  tbe Company ehall have full pomar to take tbe,whole. 
>34&G&i&~ a&ll not in ao m y  reheve the cont-aetom wolksont of the hands of the wntxnube or.theLfoi+i& . .. 
'- this oF~he&f6~&~sfmm bontih- ~ .. their liagilitv for the performance of and to proceed with the said works, and k5 complate:tbe; ' 

nor ~ntatlere with or be construed as a %!aim same or to employ any other p F o n  or perrlona by wntraet 
: 'af the.~th-er.~baw p e h  mmpletion thereof, or of the or otherwise to complete them, and t o  take add use the. 
;..W:- atCommoOd bar thence ariaina, confened on,or mm- materials, horsea. mame,  maobiaery..pegsel~, boats, hsr~en. 

petenttothr Company, exaept as hnein-efter mentioned. buildiq M, implanenta, and whole-other phnt of every - And it is-he+ specially -d and ~mvided that the desiTiption which may have been rovided by the con- 
WO* aball & x n m e n d . a n d  carried on at such P, 1 , traotors for the rmstruction of 8ai works, or to provide 
.puts, 9 shall be directed and appointed y the such other mater&, horsss, engules, machinerj, vensels, .m,&,y< - -; . senpmar. Anditis hereby epscdly conditioned boats, harps, building took, implemenl, and other plant 
~ m n d ~ ~ ~ , .  that .if the c6ntnetom or thei~ fonsaida whatsoever at their own expense, W may he f0r 

- . s t i 6 . 1 1 : : h b t  . ..... the mid work6 within the pviorl proceeding therewitb. nnd all erBs pymente a 7  
:::~OI+??~~$.Y *all uniformly or wnlarly c m q  t h e b  made or mrm~ed by the Campny ehd~?i~ 
:.~pythe-ame..to.t& -onable satisfaction of tbe Company d u d o u t  of the moneys thnt may then =main dueto the 

~;;dr.tli&+.&ei+&, :$if it shell appear at any time or fmm mntractars; and in caee the said moneys shall Fe insufficient -. 
<- tiia..e 

. . . , ~  , .,..,,~e:t&tge &mp.nf~that e sufficient number of to cover the ssme, the contmctom bind nndoblige!.tKem-: 
:.m@ oli-ri+i&i+rnot ernp1tiy.d or u s ~ d  by the con- selvea and their foresaids to make pqment ther'eof-tithe ~ . .  . . . e;erenrtion of the works hereby contracted Campany on demand; and se m u  as convenient after 
1' for,.:%:thst otli+ the work is not p-dilytat such a the said detenninstion of thiscontract the en+eer shall 
.. -m&ti.ise'ta:&&& tiiemiipI&ion of the whole works within ascertain and, in cese of dispute, wich the assistance of the 
the-t&E~ibti6e:i~Rified, or if the cngineu shall a t  any arbiter Gx h a U y  wad canclumvely as to ail pertie6 the 
time beoth6nrise reasonablv diwtisGed with the nature amount earned by and justly due to the contractors in 
or mod6 ~f-~mceeding in the wwk, m if the w n h t o m  respect of 'work done and meterisls provided ; and the 
&ball not ,adhi&& and implement the conditions herein rdue of all matariala, home, engine6 machinery, vessels, 
and in 1he:naid ~+tiou mntrined, or shall not mmply boats, barges, huil? tools, implements, and all other 
with the orders a id  directions to be given from time to plmt whatmever 8-?and taken and in p o d o n  of the 
time by the Compan s rng-ineer af-, or shall fmm Compen~, and tbe amount and value of other c l h s ,  if 
any cauae whatever gk p~vented hm, or delayed in pm- my, of the wntrnat@?a h n s t  the Company, of all which 
Wiiigwith..or mpletmg the mid worh aocolding to clsims the c~ntractora shall @ve notice tn writin~iu4thin 

:thin &ntraok;~icxcept ar herein.rfter mentioned, it shall he twentyae  days after the as~d determination of the raid: 
l a e l  tqtbeT+pany, ss often ea any such went sM1 contract, and the enaineer shall credit the-mntr@m~in 

.-bappen, + + p n  notice, to q u i r e  the oontractom to their scoounts with the Cam ny with such nmounts;and.- 
-men% <r proceed with the srid worh,pr to mvide m th engineex ahsll -bin tE sums 'd or advanced to, 

:;e&&f snch: addition$ NO- w matenal, an1 for such the conhoton, by the Company, and g amount or value . 
:!$@h .d.tim'e, i i ~ d  to comply with wch orden M the ose of 9 1  loas, costa, damopt.8, and claims of the Compan~ 
may.-be;.ai~d:kicase the contractors shall not, +thin fom- oaaln6t the oontndore, whather by repson of the determl: 

- teen.days, don- tb said notioe, o~ employ such workmen, nation of this ormtrct, or the tha, neg)eeta, or d.daidta of 
or p q y l e m o h  rmrtrriai or oornply with such orders ar the hontnrotom in re£erenee to ihin wntnot or ~ U ~ e r w i w  
may be no-piven, it shall be kwful to and in the p o w  of hownoever, and M make such sllowpnma and d idow-  
the ~ p a n y ~ t o - a l l  upan the arbiter herein-attu named antea on both eidfs of meh m u n t  as he the engink,  or 
mnd a pointed, to anthaise them; and the slid whiter in ease of dispute as he the said arbita, shall think m n -  
ma t!ereopn antharise the Cornpan to provide such able, and be shall 6MUy settle the balance of snwrnt due 
add%bd w+men ,  and to make W of msterials all to or fmm the contrs&rs, and it is here bg eP‘x+b 
&tbe -enginek:fn~.y d a m  necessa~~., and to continue to sfipubted and agreed that the Company shall we a hen 

"B lop 6 c h  gditiolul workmen for wch I d  of time, upon aU matcriuls as wcll M upon all horses, enginesB 
an stench wages as the engineer shall think M: aud the machinery, vcseel8, boats, hslgea, building took, imple. 
paflents thusto he made fm the same by tha Cempany, mentn, and other plant of werg description W shall for 
rnclndiiiR the mt both of labour and makeid, W be the time being he brought or kftm m new to the Bite of 

:i!der&d>!J$uded out of the monqs which may then the said mmka hmhy conQded for =a  w+ty for-th? 
Wnain~duii~.to~,the.&trsdtrsdm,.or their foresaid, m which wm l&on of the 8.id works and- d ~ : ~ - e . ~ e y + ~  
' ~ i j a t ~ a ~ ~ I ~ ~ o i ~ t ~ e a  th-fta M e  due to them. fm d w  implement fdlUment by the. And .the* ' " . psny "P h the said event, be st liherty tyd their fomaaida of the& p& of thin cm-- 
to taks -and & e  the wbola mskriale, horses, enginra, suoh mnkinls. h o w  cppine, -h' rPMeIs, %ate; . vCsd8.. bmb. harm. building tda, i ~ p b  b w a ,  building bole, lmpements, zOtbrr&n&f -. 
-1ltenb,,ai2d~-whole dthar p h t  d ev deraiption pmvldcd every dcsaiption, didl hum the time of 
-tfthe mnt&tare.fm wqiwg on"tKc works, and to pro- lnauqht m left o. or -.the 'dts of the said works, be 
6 sueb additional matenab, ha-, mgim, maehinerp, held to be .the d id , b d m ~  So tba 4 h ~ p m y .  
V&, boats. bag-, building tools, implemeab,..@ and s l d  not, m~*""tt in nitinp;~b..-ved 
o t h a . p i s I I t o f e ) . a g d o l a i p t i ~ n . . t , t h s ~ d t h e ~  mtak~-ytketmm~~;lpsubc&h&n:~othu 
t- M lnay be requisite for pmoaeding with &he q; m.ts lds .d i&gn  of a.6dkkI&whj,hh W1h m y  
a d  in case t4io ~ . c e  then due to the motmciom 01 their sidemd by the cdawkm fathe:pmpapac 

hi . ol n oh q th- become d m  to thca tonnw d .h :ba ?nlwll!&t the 



- & ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~  Rovidpd o h k e  thermalms aod thd. &that &m th&com-l: 
irlaisiii.:tw ; ,& of the aid rbiks b u g  mmcamaut snd $during the progrey of the work hereby TA, nffa pymant of .U sums $ue contraotod for, they shaU rt all times. he ent on the 

or their f a d s  to the Company, 10- narks. or, in tbeir &no4 they shall p r o V G  6mpetcnt 
{penaties if amy,,sod 0th- the qntnretors bind re-utaiive, fuUy authorised to act ln t4etr behslf in all 

a;ld o h h e  thdw and their fowaaids a t  th&. own mettern relst ig to this aontract ; end all instructions and w e  &the m n w t  sf theCompany as aloreaaid, notices given t u  such representatae shall bs dawned-to be 
mmgaso of the BBid mstsd.ls as have not been given to the contrpctars and their. foremds! And the 

4 upon @e eons(ruction of the, works, and abu to mntrsdom hind and oblige themselves and their foreaaids-l. 
&e--the said plant, dedumg mth &-m to the not to assign or sublet, except withthe ronaent ,of -the -: 
e&yBihns necessary in aecting the said bridge that Company, evidenced by the written anthonty:&nd~ronsriit 
ibduld h m k  or permanent fonndations in any w e  of their engineer, the mn-t hereby en@ed into; orr?ny': 

mve to be at a or kas b p t h  than is shown on p& tharaof. And further it ia h d y  wntracted':and~'< 
' L w i n g ~ o .  2, a d d i t i d  or deductiow mused -d that thc contawtors and their foRaaid+~ll;~i~e.(.- 
t&bY SW- be estimated at the pricee in said detailkd =very reaaonahle fae~litg to the.partg or partieiwho:.shaU 
&mete, sod form dditiona to or deductions from the ssid cnntract for the wnstruetion of rbe railwa oi rail%ayC,; 
,&mof~2&7.0991. 1% 6d the ~ a a e  ms b e  Declsring ?hioh shall sdjoin the said b n d p  on hot[ sldes of the' 
aIso t&t the - rhekid excavated from & i n  the bottom nver ss may be nemasety to enable the said prt a parhen - 
-erw.af the oieeons ea the m sunk down h to exenute and maint.in the eame as embracdunder his 
tha-purpose offounding the piw shafinot be thmn*n into or their ooc- or wntmcfs, such ,lrocbmmodation. being 
the aiid river, but, except u, to so much of the sand as regulated and dkcted by the engmuesr, and n o  lncon- 
aball.'.bere&ired by the contmxkve b be used with oemmt veniena, m aileged interruption arising. thercfmm, shall.., 

foi:the',brickwork and atone work of the said piers, or form any ground for claims of damages by the anrtructcn, . 
otberwiqe in the mnstrudion of the b e d p  and works, against the Compny, or extension of the time for finishinu .' 
oh+, at. the mnhckora md th& fo-ds' own expense, the work wntained in thia wntract,,unlqaa the&neahshall 
be -owd in b l v p  m d  deposited within the bulwark occur for an urvesaonahle per~od, whrch, m cFe ofdiapute. 
now.beiig. formed for nelahhg gmund on the foreabore between tha wntmtura,und the said ,engi~er..dball lm 
ofth&.Ti?,.between thepier of the Ferry Harbour, Dundee, decided by the &a arb~tcr. And further declaring that 
t i e d ; : , B ~ ~ h a m  Point, and the material so deposited the prices in the enid detailed estimate sh+l he used by the 

'ilh+ll.n&be banked up to a a t a  height than four feet engineer in regutatkg the monthly payments, andthe price 
+ o $ ~ i i f ~ - ~  level of spring tides, m d  dl of any extm  work^ n d d ~ t ~ ~  to, or deductions, ex$usions, - 
- olanngjp sq :that all stBging. scaffolding, or other obstrn* and diapensstions from, or sltentions, which may be!mde.: 
. . t i 6 ~ + , h : n ~ ~ p t i o n D D  of the river shall be e&d and upon the works wheoever the said detniled estimate wntnhs,.. 
i:i;imj5$d~6~tbe,mnt&torn aod their fommds, in acwrd- a prim appEcahle to the description of such ex- workor :- 
- anm:~-cttljthe:nacessarg reqnirements.of the public or local work 80 added, deducted, excludd: djepenaed , with F:'. 
::a&&tiaS in: resped of the navigation of the said rim, altered, and decking that t h e - p m m  aard d e k i M  mtl- : 
.add~thit at the sole erpeme of the mnkaetora and their mate sbdl include all permauent and tempornWkf4erid, 
fdiessidi, aid: the contractam hind and oblige themselves all tabour, workmanship, smffoldkg, staging, pumping ma- : 
and t h w  f o d s  a t  their own expease to provide all c h i n q  for sinkiog cylindm by pneumabc m other process, 
li(lhts ;. a n d  light and watch all the works during the and all other mschinery, veesels, hats,  bargee, cmmKe of 
condkctibn. and until .the perfeet rompletion, except as materials, and FA other plant whatsoever, and contingent 
afo+d of -the bridge, and slso to erect liihts in such expensee wnueeted with the work. to which such pdcas 
y t !ons  msg b~ the Commiasionem of the Northern apply, and the coet of paiuting the ironwork shall be in- 

ighko? tkManneDepartment of the Board of Trsde cluded in the price per ton for imnwork..,. Rq;.wki$& 
.:+:a$qn+d for the guidance and protection of the nsvige- causes m d  m the other p@ theCohppuy;binA-and;qbllge 
:twn on:t6e said river. And it is hereby pmvided and themselves to make payment to the contric@sote+d;$~ir 
-.docl&d thnttthe-whole of the works in proximity to the foxesaids of the eum of 217,0991. ISP..~;s~t++g;:@,of jc,,d~~ '.. orusn.%loag shdl be &ed on h the oontractora such further sum as may he fired ie afomsd as.the prrce. 
'-e+d-tlieir fo-ds in auch msnncr ss stall not interfere or value o£ soy extrs work or addiiionj+bich.the Go- 
in 'Gy .~Gy~.vdth the %&c of that rnilwa d if the wn- tractor8 or their foremids may be direcced to aform;anii 

. . 'l . tractora..oi, their f&ds shail do in t!k%ntrary, they 6h.d perform in terma of the provisions erem-hfore 
shall:b;e;ebponiible for, and free and relieve tne Company c o n b i d ,  but, subject on the other hand, to the deductions 

.. 0tdlcLiima which msyhe made against them, and of sU of the prim or value of such pohona of the works hemby 
-.Idss ai~d;d*age which y y  be incnrred thuehy. Further, w n m d  for as may not be nquired, or may be omitted 
' the bntractam herehy md and oblip themselves and to be done, or may have been varied, altered, or &piapmscd 
their fo'aids to provide at their o w  cost suitable polics with, nr may h e  been performed by the Company, or 
men ihurawranch rnsy be ordered by.the engineer, or hy others employed by them as aforemid, in the events abuve 
-any'one :or moie of of m&a(rstsa of the dist&, ss the deawikd. all rs herein-b&w p ~ v i d *  for, which paymenp ' : 
C?m p - .  n v  a-istrate . or magiddes may think n-sq shall ba made in manner following, t!+t ia t o  +y,~ thq 

-for:t.= duo ~rcservstion of tbe p e a  or protmtjon of the Company bind and o h l i g e t h e w e l ~ w ~ t  *e,e?p*;of eierj i  
: pmpe$xdf,.the mntrscws, m that of theadjoining m e r e ;  month after tbe wwnencemegt of the ,wd:yorkf$pr; 
;%d. the;contnretors l l e ~ b y  further bind and oblige them- to the contractors, or their fores@s, the j4ne:gf the act*' 
. ?$vei*d theu f o r e d s  at their own upaasa to provide qoantity of the works which hnue +n erecued iid W 
:.ad+pax~ dllbompenaotion for soy land thcy mrry require. -ding month, a. the said quantity s W b e  ?@pin* 
s f $ ~ ~ t C * ~ h i ; h i ; p  . m, z d  id to& pod all-damage to ky net -anmrrnanmrrnts to be inad! by the eo@r!q,:such -tp. 'KwI$b*+.p~ O r  priwta, or to the lands of pr iwb value to be taken m all wtthout- my & a m  fdr; 
. ~ . ~ , ~ , , ~ : ~ m ~  %carting of mstarids, or +m say &ular or fmswork, notwithstanding-any g e n d  or 1 0 4  
otli??:ee!!m~~obdtingenC upon the execution of the works, custom to the wntreq, and of all sums charged or.c+ed . .. ~ 

ood.to-be-*@nsi6le ior and free and ndm the Company by tpe eptraaorn, or their f-aids. and &ified by the- .-d '&' ~ W ~ . ' * b i n h  maybe made .i(aiwt the Compnoy, engmneer as wrrect ss sforssaid, and that all m manner 
and bfd lob  and w e  which m y  be incunrd thereb following, viz., a mum equal to 90 per cent. of the anid 
And it i s  h = @ b  expressly ided and ddclarsd that tG v&e, ss such d u e  and amount shall be cstimdcd and 
~-.Of:,thi sotire w o r k a o E e  bridge shall ranain with v d d .  and fixed by tbe certrficate of the enginatr,who, in ' . 
tbe 8nd their W d s  until their completion, estimating the value and amount of the ?id we+, shall 
a - 6  @ & o d d .  and the Dontnatols and .their fmwaids take the price. aat for the said dccsiled urtrmats, so-fsr an ' 
ShaU be held h p o ~ b l e  for .U midante tbakto up to the the m e  ere applicable thereto. But debladng that the - 
h e 6 f .  ~ v l s t i o n  and for all defects therein, and m - m e ~ t s  of works upon which the said iastdqeats da&-h@ap ;thsg h* bind dud oMigetb-elves am sbnrok shall not be p teo t  to the conkactors or their 
' W @ i r : f M a . . e t  t* marpsnee, to m e g d  all f-da, nor founded u p *  by them in aoy nwy whatever, 
.dunage,.% E@ ,ddMb W t h e  aid amrks, nrising the said measummenta bring tskeu far the aatisfsotiou and 
:km. . -. W . .. . Or mamiSmient mataiplq. W .- ship, imlmmtion of the engineer, m d  %hen the whole rvork 
iaoDide~.:.+maesa esa of the workmbn .smploped, m from herebb contrsitcd far, i d u d i o  axtr. or additional work, 
'bd..;c;uher,.or any other er- whatever, a m  aod a a p t  shrill %ave baM mqplsraly &ed t o t h e , ~ n a b l : ~ e a +  
t&'hiuii&? the ~ r k .  twkiw *the act of- God, m faction of the yntu or =biter, ahd &er be sbpll:h+S% 
'efrfi~ .+n S snsmles i sod deol.nng W DL& a report U, granted a eatigcate to that &t,,auoh 
&'appFo.*si iury efticw of the Com~y,.~arospt the ' nottobewit&eldexcrptunatatedvaidand 
*&.wl/sf mks ru * o ; , h  besn e a l  ( ~ m ~ ~ ~ d s , t h s C o m p a n ~  bind,md 0% t h w -  

&eet II. *it of h.-- .*I to p q  to Y. r (W fo+ )* 
LPd their W d s ,  (R.& mum ered bslancn of a e e a i d  m n M  0% and qtrpa,  if soy, w b h  
n s h e d t o t h e n u 5 i '  q i m  sh .Ubdneto . tbsm.  An&tbitpartiestrindddohlige 

h , o o n t r a o a ~ - h a r e 2 & d  tham*ea ~d -tbsir foresaid. Bo W ~ l i s  mntnot to 
" 2 
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gCh A* B +he& had=% r.rti&,d c h w x k 4  
and of:tbs @ 4 o n  a W And 
h+y.&+it bnd .refer to% 6 d  SWIWICZ md-dgse 
arbitcaj of T h w  Elliol H,*, Cnil B-rihdw', 

- -. whbm-~fidiig John -HawMea. Civil, E n u i ~ ,  Lodm, 
who-shdl not  be disqndi3ed by thou or atlriw of teem 
h ing  or becoming a sbslehofder or sbuehelden in the 
aaidfhnpany, or h their acq t ing  of a ~ y  d o e  or &a- 

t ion under the aaiz Compan~, fmm sotinp as bitere, 
under this mbmieaion in sdl or dihCe%whioh  

.:in&+se, hetaeri the e e d  p d e s  h-, regs*ding%he 
-.:&eiintaiiiidd: pfo rx.& *-c. &:. mwiiqiingof .: ?g. of the pwisions Brwin- 
. , . ... , any.of t l ~  speci6cetid*h& m~nmed, 
.or %-to t h ~ ~ q d e j o f % i y h ~  on the mrks, or the he,* 
. of themiateridaiusdd -%herefor, m & e  oiaime of;dadnok, 
.~+othemrirr,.aomp&nt to the Company inst t h e m .  
- . t r & ~ t i , ~ i n d u d i ~ : t h e  wizrteiwent and%m&tun, far 
.th.?Cdolllitbt liqmdatdand w e e d  on damagae that W q  
.Lie '~'.hfthe-+r$+etom,to the Gompsnp uude~ this wn- 
.-bact for non~mpletion of the works within the wotmot 
..time, orthe olgmu fm extra works, or otheiwise, oompttant 
.tothe mntrsctora. +nst the Comptuny, aqd genrrat)y dl 
!disputes and difference, claims, and a-ccdunbngs, b e e r  
p+, in any way suieing out of the ereeutlon of or falure 
to executethe works hmhy mnhcted for, whether hwein- 

.-hefoie suhmitted'or, not, and whntavn fbe said.arhitm 
.&ll;di+t or d&ide:-by any dmfee, in- m fiplpl; pro- 
;nodnad: h?-th.$n,-:.the:ssld: partlea respectiwly h~nd  and 
lobli&.t&@lyes~nd$neir .foressids to exeuute md abide 
b+;,.D.s+fiig th.& t+ submisemnshd not foil by the $+ : . , ,. ~.'. . se o$jear .qd~day~or~by the deathof anyof.the parties 

,hegto, and: the t~ the -  @id. =hit& shall havs full powm to 
,;yardthe expense (including the. expenses and fsae of 
bihiself.%nd:lk derk:reapcctively) which may he incuncd 

.i&l!arb;itn+tions &een the partics, either in whole or in 
art~againat soch.of;them .M he &all think fit. And it is 

g&by provided that in all cases in whichany notice is to 
b c  gken  to the contractme under *his &ohmet it sbdl 
be aufficientif mch notice he si ed by the en@mr or 
kcrctary of. the C<ipany, and a%saed and even p- 
sonallyto the -wntraetora, or left at the* dwelling-house 
or *liceof brininess &:W known d w e h g  m plsce 
of busimk, or sent: to ,them by q i s t u p d  L W ,  yostwl 
%&one;.& the,p$st. offices in Edinhuqh, addressed aa 
.afo&d,,and-anoh notice;shall be held and -sidered to 
be'*&tscieni;notic& -l)eclari.ng that the eIEdavit of and 
:int&n:.;m:ih&in the .ordinary hook kept by him for 
enten'~.~p~t+:~m$delivaies, of the pmon who may - -... 
~ h ~ ~ ~ l a Y t h s +  ~ ~ i ' d ' ' ~ t i c e o r  ivho may have put the ssme 
.intdt@ p;osi05ce,:shaEbe held to he-legabevidena that 
tee '.aid .n&ea:lib~e~.deeri properly served upon the said - 
contractoi8, any, la'w -or I p t i c e  to the wntrary notwith- 
dndink; And further, rt.in,hireby d e c l d  thst the word 
" mbtra;?tors:'or "~ntzectar," uied thmnghout the said 
S e 0 h t i o n  and th&aepresents,shaU mean,and it is berchy 
~ & d  to mean,the Baid Cbnrles de B e v e  snd Charles 

thb.rmfk.~ &mriuiqumk~ 6f . t b c : r a b * a t ; . ~ a - ~  
Qnmn'samica,~tnkims aithin wbic&.ttur saidwoikera 
~Q&J ,@ &-a o o m g l o t e d - s h a t l ~ ~ ~ f n r f n r a  
pw quiGalset a 6Bs- &me for w h i d  tbe:mid tw&n 
eQ.U lWdalsyudby&tlowsar64 &ned.:-AndbDfh 
pwtieu consent -to .Axe m@mbon h&,;rad U€ the sdd 
a p e o i 6 4 m . d  dstadled sstimsta, and oftha.srid.daonca 
arbikd, i h t r i m ~ ,  ~ l r  :.ild, for ' and areoution. 
I n  Gtnm wh& theae .pBBen- npon abia 4. 
ths f i v ~  ,+ing the wordimntad "eighteent&" an :the 

tetrth lios aw0ktla.q fmm &S top of page 3rat hemof being 
w&ab WiUiaar I i~ .&bhle .Br t lBnd cl& to.Mea 
sieura. ~ L n s ,  ~lyth,  an bfmlsu4.; Solioitcm, .No. 10, St, 
Swithin's h, London, me d o d .  in duq&eate.dh,&e 
common or oarporata sea4 of *ha.& .Narth BritishBail- 
w y  Company, and aigned by John W d i w ,  eeci-a&y of 
ths mid North Britiitieh,Rdlwny Cwpany, slrd.detivered:at 
London the &h&pof.May, in the par 16171,-bef~19 thebc 
witnesses, Tkmma P&q-of No. ?a, .Gm e W;.&- 
brugh, C i d  E ' and Alexander Zaw, of ,No. 1, 
.Reeter  Plsoa, ~ ? & h ,  clerk in the solicitor% of8ceof 
theanid North British ~ ~ G n n p s n y . ,  aad,are,sigd, 
aeded, and deiiivarsd, in dupliaste, for and oa  behalf of the 
said Charlw de Bergue ,and Charles de Ber md Corn- 
e n y i  tq %be Bsdd Fbhert Amadens E&b,.t% &tarn+, 
empowerad in that behalf as a f o d d ,  Jt Lsnden, thc eaul 
8bh day of May, in the year lwt above-mentioned, be€om 
these witneaeea, the said William Hmry Gbbg Poland 
and Alexander h: Declaring thst the tasting' $suss 
hereof, £mm and after the words "in witnaes whemf," is 
mitten by the Bsid A l d e r  Law. 

(Seal of the Nodh.B$ti& ' 
R03-y Omnpsny.) 

(Signed) J. 'Wanmu, Semd.r)., 
N. B. Ry. Co. 

%led with the common or oorpomb laal of ,,> 
the NORTH BRITIUH R*I~WAX Cou- 
YANY, and d&dclivmed this ath dmy ot ~ r y  
1871, in the pwmm of 

(Siwed) TITOXAS PEDDIE, of No. 78, 
GwrB; Sheet, Edinburgh, 
Civil Engineer, witness. 

ALEXAEIUER LAW, of NO. l, 
Register Raw, Edinhu h, 
clerk in the irnlieitor's ace 
oP*North British Rsaway 
Company, witneas. 

(%@led) P. P. C. DB &&LIE 
md 

P. P. C. DB BBROUE & CO. 

.- ~. ... 
the f ~ ~ + t & t  bf t&i&o~eof  the p o d ~  ~m ~which the 
i8id:conbWn or thei i  foreesids shall he ao deleyed. sad 
no pn+es:f%-nonaompletton by the a i d  

~mmpensation f o r  the  laea - and -m+ i d  , . .. , 
.p ,,; " b ~ d p . h , ~ , ~ ~ .  , *-said. ddntzdckii. m;.thdrfarrsbi&r m . . . . 

.g&ahaU be paid ~?g ?he said ~ a m ~ n y s  :'&brjdgekbbc&&&&aiiingte&d-. 
wntredas or thejr;foieaaida, the same to ,& 4n ,.:The Catal.aWQfwns.+Ba 89:;~ -% :* case of d%%nce & k & ~ t h e  said cdntrmbm. bn?i.tha &.Pire .side.& 3::&&a,& SOT&. 4ha.9 



d l .in 100:- 
Thq . p im for the hespana of W, 80, 110, and 200 feet, and 

the land im d.,+ 27 Pest e S, -to be ol brickwork, in 
w a i t ;  tioae for the  ,PO 80% feet spans to be per- 
nienently enoased in iron eylindm, up to the level of 
lod-?nt8r: ' I l i a  pim for the 160 feet span to be arat iron 

linders, nix- feet di-, filled in with ~brkbork.  
T h e  fnr *he remainder' of t h e r  mdst of ,& 

:&;.;:wlnmte, l?incep tog er mth malleable iron 
. ~ : b l l l c m g i i ~ ~ T h ~ ~ b ~ t  . .~~ .~.. . on the Fife side 6 beof stbnework. 

to be of rnalle+le imn gLdm and 
t i i n b + & m d e  the main @us to be on the 
I;;tticecepriwipl,q -t thoae for the 160 faet span, which 
:ire jq beboiv+mg;and t b m  for the !&'feet spsns, which 

to &&?&F. ' I n  ,the 100 feet and 160 ftet spsns, the 
d m y .  ' , be betw1&1i the main ern, and theae spans F hah@ete cizos8"' ' m. In the W ole of tha other s ans B tho &%ay WI E on fbs to of the main ((irdera,an the 
mm ~"a;;"" ar ds ! ltin~hm m - b w  and 
p l d m g  dug laid the whob lhgth  of bridge. 

W qf r&rd to. . 
.~b.-i:-.~& PLD U I ~  ~oogwlnslwi011.  
r ,, .2:~~;ilh.l.-PIsn and Eiwati~  of Bridge. 
, 3 ; : .  d a n  for K m  for 2DO Hst s ns 
,. 4.' - ,, S* , .NOS. 17 to g ~ & d  42 

.. -. . to 49 inclusive, for 
_ - ,  ' 

,;- 5 : ~  - " 
. . Y Nos. lZofeet 5 to 'l and 50 , to 

53 inclusive, for do. 

t h ~ ~ ~ ~ i t o h  * the m@- ~baun;imsto 
timq and to balhald rrepommble for the, .rmuaa).vf the 
work &enghmt iheheahole time mmpind in. ~ c t k g  
and 'bmpel inB tbs M&. . AU plea, sQdres, o s h w ,  
boat4 he. neaessarg for d u g  out. inspcding, and 
messuriag;thsmr?u.ahdJ he pmvided by the aontarctor. 

, .  , 

In dsr ing Eor-ths.Wmk5, ~~ rill be qninn 
to state for what g m 6  mm. theyoffu to undsltDlre tbs 
exemth.of the.whoIe of the worka nneaasaarp to complete 
the bridge to the, n&faotion of the migineec, and t o  
accompany their tender with a detailed estimpte .of. the 
same; and no tender dl be received by:&e Campmy 
whinh W not acmymicd such detailsd. eatimrte- - PO 
p~iuea & appoerta to 3 desoription of work in the 
deteilrd e&hatc shall alw apply to all deductions, 
odditiwq or v&&ions. and @ball include dl +ent 
and temporsrg mated,& BU labour, worlmuoship,. 4- 
foldiw, dying, pumpug, machinary for sinking qltnders 
by pnewmlm or other paces, and sll other machinery, . vessele, boakkgxa, ,oanug~ of materinl,and allemtingent 
expensea cormMcted -&h the mrkn to w w  such- piicea "g 

e oontrsnbr must &o state in his tender the time 
within whiah he m31 u d a t s k e  to ;have- the bridge com- 
pleted, &er thedc.% of the m of his tender by the 
Campany, unddr a p a d  o? per wwk for.everg 
week the.mmpl&on is de&ed beyond the time so dated. 

+ sdditiorn or dnduetionn to the estimate, .a the-mayh 
Ths whde of &he @a& of the mdc within the bobtarn 

cimumthvxe ofthe b& month of uich of thea&wma m 
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Thec&wm Wbp bf the form and d' ahoaP on 
Brawin@ Nos;.3;4,!6; 6. Theae drsnnpksraprrscnt *M 
of the ilepth, required fox the p~em of the reqxcbve 

spans;thL;,% the:* ..a indicated by the bainp.  The 
l d m k i i d f  the~&i@b,-for the piers of the 2011 feet span 
- shewe it to be sunk: &7 faet below the hed of the river, and 
'that'fg the m i s ~ n s o f .  the 120 feet spans at 16 feet. The 
&e.test.depthbf the pi- for the aW feet epana below the 
bedof theiiver, m indioatrd hythe borioga, being 30 feet. 
and the l w t  IOfeeti and for the PBfeet spans the e t  
 depth is 31 het and the 1- 3 feet. 

The bill-montbed p&on at the bottom of each aisson 
: t o b e  formed df ,mdleable iron plataa bin. thick,-shaped 
. a n d , i l l a t o  theyfigure of the drawing, and have angle imn 

~:-:$&:ih;by 3Sin:ifitted wd-rireted thento for the purpose of 
'-boltinK: the +tea @&h&. Llolte to be i in. dlameter, sod 
:S in. ,c44tr$8-A.t~.a$le imn & in. b 3& in. must also ba 
.?fit& * .. . ~$~nv$ted;iyq&$h6 inside oJthe tap edge of the 
::b~aelIeil~p.Lit.;~.nd~G4~ Bolea bored therein B in. diametez 
, a n ~ 8 ~ i ~ ' c & ~ , . f o r ~ ~ t b e t p ~ p o B e  uf bolting the flange of 
:.the up* cylindi.@~portion of the @son thereto. 
: :The-f@l&i& o f  the rnallesble bell-mouth in a c h  
-c&~onto be5 feet;'and for the piers of the 200 f a t  sppns, 
.the bnteide dime& of -the bottom, sod far a height of 2 

zts&tc be'15 feet; frbm 'this height, to the fall height of 
5 f&to be tapered* the discneter of the uppercylindrical 
portion to befixedthereto, viz., 13 feet 7+ inches outeide 

-+met&. T& ie&ittbin,dmmeter for the piers of the I20 
fe& spun,'-numb&- li to 2'6 and 42 to 49 inclusive, to 

--be10 feLt.6 inches l&% height of P feet, and tapered to 9 
fe@-;r+inches.at thefull he~ght, and for those piers num- 
&d~5:to 16.and 50toS3 incluaire, to be 9 feet G inches 

-fo<a.height . . of %%et and tspmd to Bkat 7)s inches at the 
fdlihaight. Tha hottom~dinmetcr for the remainder of the 

-:lZU~feitspans,tohe 9 feet fi inches for a height of 2 feet, 
iqd  *p&-m.7 f e t  if mches at tha full he&. Tbe 
p w  & numbered in'Drawmg No. 2. 
: Yne'cyhodri+ .portion of the wuason above the bell- 
munth to b e  13 feet: 7t inches outside d u e  for the 
pets of tbe'2W feet spaas; 9 fe& 76 inchea in d i s m M  
for the pieto of the  12U feet s ans numbered 17 to 26 and 
42 to.49 induaive;:yd 'for tEap>pias n u m b e d  5 to 16 
ind 50 W 53.inciusye,:the &meter to be 8 feet 7+ inches; 
and 7 feet 7i inches: m d i ia te r  for the pieto of the re- 

of-the i%0t&tbpans. This portion of the d n a  
: t o e o f .  osst:kon, +t in segments, havi.ng Bangas inside 
:for. the p ~ ; ~ e  being bolted together in the usual 
-&nef.wit screw-bolts The metal in nll wee to be 
-I :idch..in~t&c&Ss( below the bed of the river, and bolk 
+.i6.;dia&!e+,-iiud:betneen the bed of the nverand low- 
water ;hark:tti&m&'to be $ of an inch in thioknesa, apd 

?bolts. . ~ $:in: dii%etu. :.Bolt: holes in Banges to be 8 m. .~ .~, ccnkes. The i a a e n &  :at t h e  *.of the oaiason to have 
: t b e i t i ; p t f ~ ~ ~ c ~ t : o i t h i i b u t e ; d e  for the purpose of bolt  
- i n ~ ~ t h ~ t l , . t h e : + m p o q  Cylinders, to be provided for 
upkie.,the *;ss;'&d building the piem up to high- 

:.Gat& idnrk. . . 
'15s-whole of $he joints in botb the meJleshIe and esat 

iron~poifions of-the'c+one, a. well as the joinin of the 
&%to be cardul$.fittedand bolted to&er, so &t th 
m4y a b d e - p e r f e = t $ ~ t 4 g p .  'l'he jointato he planex 
or lift ftngh q d  g e good wrthmpe wheeze or Lon rust, 

lka the cont++niay, eleet. ..:, , ,.:l he ~mptractmahall~pm+idefor tempomy urn in dnking 
.iho-~+on~+d'~ini6:li;lding the  piers up to the level of 
L . < ,  

?li!gh:&t+.mk additions- cylin+j whicb shall ertend . ~ m ; ~ ~ ~ t o l ; ~ . & ; : ~ e n t  the of high- 
!6itii-li$t1i;$;~::;+hi~ti~ .?m)o&j cylindw m y  be of 
~m611<&ieG6i:.~?r~u,~;@Fthe . . C O U ~ + ~ : I N I Y ~ ~ .  T* 
%$@f~.ep&.:of:t@~~e , permanent 
<m~onsr .@ .w~chsthejJJJp. to fE&d, and form +con- 
%&&on -tii&of: -:'&e -flanges to be outside, and. the: 
whole of tbe'jointiilto~bi~niade.p&Iectl~~~tertigtt, as in : 
tbe &awns. Tel$k?&ia.tci b q y h d  to the aiasons,, 
m d  to h of such mika,&w+$h,; a?d . w ( ~ w a h t  m 
s+lleneure the perminat work, forthe erecutiim of &oh 
they =to he rovided,~bting carried out in the moat F 
feet madoet. eihep any.one pier for which they bave he& 
wd-sh+l  have +?;built up to high-water mplk, tbey muay 
.M- reurov@ ~d;a~stuul~$y. uaed .for 0 t h  plera, pmvided 
tbiyha\:e:e-n6f W:idd:@y. (RD . d~ damaged. 
,. - When the tempo+cyko ets have bee. dctaohed fmm 
:the:&sbne, t+*ns E+ beconnsted togetherat low- +& &Zi%iby-3.p~te.4.feet in bseadth, and b o w  to tBe 
~ f l ~ & t ~ r e o f ~ a ~ ~ ~ ~ w n  . .. on &&g. .. . - . .  . . ,  .~i:i&&&r 160 P& %as. 

TBe fom cglinders f o m i q  the p i m  of the 160 Zsst spn 
- to  be d u g  to Drawing No. 21 ; to be.- 15 fsst 
6 i&.apaa onthe iquarr and sunk fo thedepth slmm, 
:or to - m& &er depth .a sh.U be nsoasa~g .a -p 

5 s m 4 . d a a i r i r m . ' ~ l r i t l h e . d f 4 a t : d i c b l d s ~  
osst in 6 fwt Isngtb,rad h d n p  6otbdleMuf  ?,he 
lower m a n h  of main girdas. Ths itop nr o p a  of the 
cglinders to be cnst saparntsly, bsm monldinga as a h m  
on drawing, w d  - a h i  h e d  fur ' h teabag 
thmou, The tbiabess of% metsl to he f%h, &the 
holtsfox bolting bgethar the 5 feet leslgths of the cylinders 
to be j in. dkmetar and G in. mnhw. The join* to 4ae . 
planed, oarefully fitted, and be made p r h t l y  wstertight,. 

Piersfor 66 aad 27 Fed S-. 
!?a& pier for the 66 and 27 feet upan6 tn be f o n d  of 

three mt-imn columns brseed togetbe~~i two being b r -  
ing columns for the main girders, and ones  h z t  colnrnn. 

h The bearing columns in each pier when in mition to be 
!l fsat apart at the top, centre to centre. d e  one on the 
up river side of the oentm line of bridge to bs sank v-.. 
tied, and the strut column to he bolted to the t o p t b d ,  
rnking downwards t h d m m  with a bamr of 1 in 3. The 
b&np column on the down river side of antre line to be - 
E r a k i q  wlumn having s bsfter af 1 in 8. 

The dihm* of the columns in the l3 piw.nrsrrst the 
12U feet spans to be 1 foot 8 inches in diamater 5 the & 
meter of thaw in the next 8 $m, l foot 6 inch-, m d  of 
the remainder, 1 foot 4 inch-. The bottom lmg& or 
portiuns ertancling below low-water l e d ,  and herein4fter 
referred to as the ilea of the columns. to be sunk to the 
depths s h o e  on & h n g e .  lb pilea to be of aucb leo& - 
that, when aunk. their tops will, W new as +hie, be 
level with low-water, or with the bed of the river where, its 
level is ahwe low water. The Qat of &.p& &,.each. 
column to have an axhded  h or disc 3 feet 10 indies. 

diameter, having ~~ f& ru, shown h. ' 

]no. The pilw to he .sunk by mesas of a jet of .&h 
f o r d  by ateam pumps t b x q h  a tube or pipe M d -  in 
the ,inside and thmugh the bottom of t h e  slmihr to 
the mode adopted in ainking the piles of tf$k"rns for 
the promenaile picm at Southport in h a s h i r e  and Porto- 
bello. 

'IXe flangm of 4 leng6h of *.for the p& aod 
columns to be turned on t h e f w ,  and have 8 b o l t h o h  
If  in. diameter, accmtdy drilled tharein to or throtzgh a 
gunge, 80 that any two %-a being applied to eaoh - d k  
the bolt holes would be true and fair, the lengths may be 
pmperly fitted and bolted together. The lengths of the 
mating8 for columns to he 11 feet, with rmking-up pieces 
regulated as to length to suit the level of the piles when 
sunk, and the,height of the rrspective piers. Guy tq he 
cast on the columns at the flanges, aa shown for &log 
and kejng the bracing thereb. 

The tops of the b r i n g  column6 to have moulding W on 
dmwing, and the seat for the girdus The girdr. 
nest on raking column to he s q u m  t o r  vertidline. The. 
tops of the strut co lum~~)  to he formed to suit the 
fkenoa of the vertical basring. rnlwya to nbich they -. 
to be bolted, and must be aGeurstel Wed i h & , j e -  
abut against the underaide of the moufding. 

The oolumns and pilea fonning a c h  ier, when in 
manent paition, ehsll be aq- to tge b n  eit of the 
curve of the htidge, range in h e  with each otter, m d  be 
in exact position in relation to centre liae, end s d t  the 
teapective spma. 

l'he columns to be b d  .s &own on dmw-the 
horizontal bracing h g  T imn 6 inchas by 6 i n c h , &  
the d i ~ o d  bracing awls Lcn .?a inch- in++. The b m c q  to be fowed a t  the ends to enta ween the 
sung8 of the colrunos, and be secured throto with bolti at .. 
one end and keyed into them with gib and oottsis.bt'the* 
other end. 
. . The mlumns. m d  bmcing to &ve fonr mb of the basi 
oil p i n t  of nuoh c o J m  m the +kinear may d-. 
?he of psi* to be included m the prix psr ton for 
the iionwmk. 

- A U ' p p r  inarda p iden , r in~~ .  bolte, anrtatigtfiris 
&.se@ate for ssh, snd y d i t i o u a  dnhmlp af & 
aissoae and Wes to bo pmvid . rad 
a plimmahnll also b e p m v i d e d s n d 4 f o r  
t f e  wbolc of the esips~ns oad n, m thsir tm, snd 
the greatest owe and a W 1  s d b e  ;aersedgl&- 
tnmo, ta ensure that the sinking in execotsd t$ ve&ied.. 
or in the eaeepf the nbing pilw at  the pm angle, and 
in the exaot, h and poaitlon s&wu h the d%ugs. 

All stngmng, m& oldm&m a&W - o h & o n , : t o  f8e. 
navigation af the river Be aeotal and & n d : i n  
d m c e  d t h  tha mquhaebts ol tg4 m 
authorltiea. ' . _. . . . _. . . I _  

~mn-rhanrhQpm~dEghi$he,podli&md 
wswh all the rorts daring tbs Eonstmdtioo sed methe 

o f t h e M i r : d B d & + t e i i . m &  
p O Q B o n s = ~ ~ ~ b f t B s B o U d o l ' l ~ o r a Q  



Cod Iroa 
. .The i n k o f  isbib the the 
-a ;,.. ''d baH 

~lipdsrs,  piles, 
. :ad &tu&+:em.to be made qhbUkme!te m a cupnla 

, an e of such mrxtm o I p g  that a hsr c& 
' .  th.&o%;?* a ~ ~ n m f u e a  aeotmn a" mehen by 1 inch, 
,an'&plBced-<edgways on bearings 3 feet apart, will not 

.-b&k *tIi 6l.S weight on the centre than 3,0001be. ; and 
: hi d t b  above dimnaiolia .shall fmm time to time, on 

the damadd of the enpineer, be m t  and tested, at the aole 
expense of the wntractor, in the manner before men- 
-tionid. The whole of the &inge shall be of the anme 
+we of  metirl, to h e . a l h  and snooth in the sk~n, free 

. ' fmm.&def~ ,and  perfectly true to the dimension and 
- fi@ &the drawings. 

Bric-k. 

The whole of the brickwork-i.e., from the foundations 
to the underside of the impod or girder bed--sbll he of 
the "erg best description, lath in mpect of mscorid and 
workmanship, and sct in the Sest Portland cement. 

The hmcka'ured throuahaut in buildinr the nien to be 
~ -..- ~ ~- -~ ~ ~~ 

hard hurut, well-shapcn. nod of good &nme'size, eteh 
bnck to contnin sbont 140 cubic inches. W L m  the p tm 
bemmc from 10 to 6 feet in diameter, the heading nnd 

.:strrtebin bricks muet be made (o radiate in the joiots,and 
:.be moud-d to form s portion of tbc circle on the f a  to 
suit tbe ckckmference of the pim. 

' ' AU brwks-immediately before bemg used mud be tho- 
rouubly uturuted with water, and all dust or dirt rernovtd . , 

.'l - '&6~.i.hi&+ght:upo~ the work tobe a t  once rejected. 
. The .b+ek+kshsll be built in the c a i r n s  to their full 
dismster, exoept a spnat of about 2 inches all round, which 
&all be left and 6Ued in with~nment mixed in the pmpor- 

' tionof l of..cement to l of sand. lad filled in when In a 
Buid +te and well rammed with iron bra, so that the 

. . ~ k  from the.foimdation to the top of the dseons &all 
y-w~+tiaht. 

he h n o h k  to he built dthin the temporay cylindem 
~ g t d  hjg$wa~i .mark shall be 

.( en: theae-qbndem em remove 
..-fo~d:&6~y,ogli"driial, ...,.. pr-ting no projections or uneven 
Burfsce odthe,fn+. 
r ~l 'he~tw<~~~l imns,of  briokwork f d n g  each pier having 
-Men:bmu~ht:np'vert i  to the level of bie;h-water mark, 
~ e ~ l ~ ~ b e ~ : . c o n t i ' o ~ e d  to the impst rt the to of the piers .~. 

i+iih:a .-. b+t@?or:?iper qri each .-mlumn suite$ to IU&~ the 
, . : ~ d ~ " _ r ~ a f : t ~ ~ n s p e O t i v e  piem The columns of :the 
. feet.spans-$;be mnnmted at h' wnta led, and of 

the~l20.feet spans at low-water leu%y a web or centre 
will nf biickwork, which wall s b U  be 2 feet thick, and 
cmtinued.np.@ the full height of themlnmns; and rrhich 
shell be oe.the~name description of work M the columns. 
and to be pm+ bonded derewitb. 
The whole of tKe bricku.ork mnired for the hridne &all 

be laid o i  iet~ii, cement when th$ cement is in a so& atate, 
and-t6e;~&8nd~.jaints to be thomufily med, and eaeh 
oburaeWbe:pnted,;mth oement. The thicknm of the . .. ~~... ... .. - 
oement-xwthe~:&d~-ShIl not exceed t of an inch. . . ~. - - . m  . . ~ .  ~. on.::of .tbt pias it b b U  he in the @$ion 
~oTthh'siai~:totoaiWtutie&ncrete $X b b . i c ~ . i o  &h ~~.~~ 
A n t  &'be dimt ; and such kneete,  if M) nd,shall  
be composed 6Pone p& of Portland cement of the beat 
qualiq,~one parr of sand, and three parts of w v t l  or 
bmkan stone: 

c m .  
TLs whob 09 the.cemsnb for this work, and hanin-befors 

Isfsaod to, sh@l ha Portlaod oemast of the bsrt quality, 
w d  burnt, and-pund:extremely 5% w d  weighing not 
-leas ba"  thn'.lLZ.lba.;t6 Ed.h~t.l. .. tbe impwial (Baikeij bnshal. k rs 

on to the works in astate fit for w a n d  
not nmd *h,* m@ it h- been h k d  by G i n g  il.mplea 
out a bt 1- every tenth (two bushel) w k .  T h k  M& 
plea to bs in moulds, and plscing the oiment at 
onoe in water,.in =hi&& is tq remain for m e n  clear &p. -. . 

nemmotorilv reiejscted, .and -forth& removed from tbe . -  - Barks: 
The mment shall be umd bssh mde, in such. small- 

quantiti&r ss may be from time to time , eod toba  
wall mired with mud in the  proportion^^? cement to 
1 of nand; no water shall be added afterit hns once been 
mixed, and no cement to be used or w e d  up with any . 
other cement it has on&, begun to net. It must alw 
be cerefully pnruved €mm mo.bture until actually wed. 
The nand to be used in mixlug with the cement to 

very clean and sharp, entirely free fmm silt and earthy. 
substances. Ths wsta used in mixing the cement and 
sand shall be dean salt ivnter. 

Thestone rquired for the string-course ofthe piers of the 

sSao B at the level of high -tar, and the impost or 
&du be of d1 the brick men. t u  be of the best and e- . . 
rtmngast description. 

The belt of stonework for the piem of 200 f r  
and shownon drawings at hih-water lard, to e the. 
full diameter of each column. Each stone tdhave W lsrgd' 
a superficial content ns ossible. and tho juinta msde to 
radiate and fit close the &l distsoe of cacb bed. These 
stones to be in thicknesa not less than 2 feet 6 in&, and 
chisel dressed on all bed. and joints; and moulded on the 
face to plan. The stone connecting the columna at this 
level to be of the same thieknma and workmanship as the 
belt, and to extend into uoh coiurnn not less than 2 feet. - 

l'be impost or f l e r  bed of all the brick piers to-be also 
of etune chiseldresaed on beds sdd jointsj and moulded as 
shown on dmwng. The impost for tile piem of the 200 
and 120 feet spans to be formed of two stones weU jointed 
and cramped topthet, and must be preparedon the tap 
for the bed- l a b  whicb an to be let into the stone, holes 
t o b e  also &led for bolting down the girders aid  bed- 

w h m  fued bcaringa aye adopted. Impost to be 16 
m. 1n th~ckness. 

The abutment on the Fife side to he built of stonework. 
The stone used to be of a p a d  sound dascriptiou, and net. 
in gmd lime mortar. 

The foundation to he carried down-to ths-dep&h&; 
on drawing. or to such depth aa will a 6rmrfoun&- 
tion. and cut out to as near the size of the mssonwab 
p&ble. 

The foundation c o w s  to be of selected flat-bedded 
hoes 9 in. thick, and hsvin ao oi not less  than 
S square fed. to be well fittef at the jointa, and dressed 
too and bottom. so that thev shdl have ~ l e v r l  and uniform 
si;fsce to build upon. 

The abutments tobe built of nare rubble, with wmmon 
rubble backing of the following?lescription. -..., ~. L . .. 

The faoe work to be constructed .of *h@ i i l t rchndl j i  
called square rubble-that is, stones;writai@ng $ot@s:- 
than one third of s cubic foot, and to:be.c~efuIlj~chis'Zl~ 
dressed on beds an* joints, so M to m&e tt%+&Io's;d?it 
possible work, but m y  be rock-faced, .and there. mustbey 
one through in eve quan yard of be-work son8 tq- 
bind the :backing anTface-work e&ctudly topether. The. 
backing to be of common rubble, well bonded to the f& 
work, Eaeh stone shall be bedded in mortm wben laid* 
and thewhole bmught to a level nt every 18 iuchea iu 
hei ht, and then grouted. 

4hestanes fnmhg the cornen to have an area of 
4 superficial fact, and be IS in, in thickness. 

t copinp and hearing blocks to be ehi*elelel &L%l?E, m d  of the dnnenaions shorn ondnwings.,: 

~MaIkable lroa (h'&#. I .  

'I'he nuin girdem for the whole of the spann to kmn-' 
struetsd on the lattice principle, exmpt thoso for tha 160 
faet S P U ~  which m to be h -a t r ing ,  and the27,kst spna. 
w h ' i  are to be plate. .Those for the N O  00 feet b be 

'! laced 14 feet B in. apart, and for the 160 feet upan 
7 b t  6 in. apart on the square, centre to mntm, with 

cross girdem of plate bolted to the bottom menbem. 
Those for the ayurs of lW,RO,66.60, m d  27 feet to~he 
laced 9 feet apart, centre to centrr. The cross baams 

&r W sms tu im of thnber, smd tia o n . t b  tan 
members ofthe gtdsra. 

The girder6 for the 200 aad l20 f ~ e p a n s t o h e  myted 
in seta of continuous &em of four d. with the 
exceptioae sbown on- n e d  ale&& &wink, Yo. B 
 he eraeptions being w L  two gird& ew shown to be 
continuous in plum of four. 

Ench set of continuoun @m. of four spans -h, SW 
be Bred to their rrn6ru pier. w d  barn moveable beninw 



m tfie. 0th.. it&. is te b o o h e r d  tbt Lhe ditnab* t;. 'Eb abdm&.bo be M& to&& 
aids oPthe:& ,and fourth W 'Pmm tk+mi~d ~d 

-. . , , " ,  . . , . . ,, 
tt,j,d m in *h @&.W show,. & t n a n ~ ~ ~ * f : ~  
g&&. t l je~:  is !m he a spsoe af 3 ~ - W @ W t o ~  

-Ql -&C. 

,,,embet alSin-ineh &iron late is to be inserted betwaen 1. .The contractor ah;ll cdunplets the d o l e  of & , ks 
tb ;&of. the W& b o b  r diowy- h - i l  +&fied. and mch wld~onal  work* 8s8the d F e e r  
the~tog.+mhars of them girdm to be ?omeeted mtb may d d  to he exeouted, so aa t o  r@er the ?idp 
malle& le iron plates; hut before rivetmg these, the complete in evag reap&, ace the of tb r c fivth- end,~f. each girdv to be liftad up a height to be mmnent rail8 and cbsirs, ivithin t ee yeass f+4m the g< 
afterrwrda d&ded-u in order to tong the continqity of the scceptsnoe of his t ends  by the Company. 
into & o r ,  to he on the pwn The contractor h l i h e  hound to &et0 the oonks~tor~for 

t&e %OO.bd 120 fset spena, etwen tha 120 and the railwa in continuation of the hridge at &her end free 
~.~ 
66 f&t , ip&s :~d  htween the 1% and 80 feet spans, -8 ani 'evey rewonable facility to such portion of the. ..- 3 ,. !&,d:it'~b;g~r&tiof - sdjscmt span to be fixedthereto bridge a n d r n d  sa map h nwessarg to endhla t h e w r  
asah 

' '. ,. 
._ , ep~ for thc 66 m d  g feet spans to be e r e d e  e work e m h d  ln h k  contraot, such 

&&teh i & u  q mntinuous &m of t h e  spenamch, and aocommodntian being regulated and directed hr. ttie 
.,&~ svmng28&&:5earirigs ....... ~. :: on botppiers for centre girder of engineer; and no inconvenience ar .dl*ed in~o&nlence ' .  .. ,- 
+h,sZt*&dxjiov&hle bo4linge on the other p i s ~ .  ariainp themfrom shall form any ground for tlaim of.: 

. .,-=. ,~~-.  
c emss~gud$:foi thc 2W and 160 feet spa- to be damages by the mnt-r e q s t  the company. * :.@ 

.. . . . . ers,wd&ed to the bottom member. All matters and thngn requred to be dune or observed-: 
The wK~of+e 'g i rden  to be made in accordance with by the oootrsctor in this specifieation;~? his mntrsckUeed, 

the mpective.@~~ngs, the sbspe and dimensions to bdcarc Or a w m e n t ,  shdl be taken to he induded in the ~ m o u a t  
fu& worked ,to, and the various pm- well and aoeurately for which the oontnrator nudeFtak~ to executa tlie work,' 
fitted tog++.~. The material and workmanship must be although not qpecidy mmed orinolud.ed in the seheWe of 
&the b a t  description. q-titiea, it 1s to be deemed conclwtve that he based his 

- , T h e -  -ught - iron plates, bare, angle and T imns ussd FbWte and prices upon tho howledge that all such 
in - thc -mhwionof  the girdem for thii bridge moat be matters and tbtngs must be fully done, observed,.nd borne 
6f s"ch &m: aod qodi* g shall be specially approved by him, and at his own cost. 
bKthe'engin+, and of sueh strength that one square inch The works, and the mode of executien, m,demibed at 
of &+jddfar+ shallimpport a tansile strain in 21 tons length in the specification of saoh pmticukr ,woiltcwd 
.+ithout-b&Ing.. Such bars ae &he enginaar may select their forms and dimensions deectihed in the aeeompn$lig 
- ~ *  ;ti~&&to. tiine must be torn asunder in the presence dtawings, which are tin* .to in thin srci6c+i0ri ; .b:ut 
bf-himself . . -~ &bisdepn@, and if any break under s less should any dmcrepanc1es eexlst between t e meapurement 

st+nnn:thq 21 tons per s q w e  mc4 ss before by the scale attmbed the written dimonslons, -.tkie 
m<nti&d~.+e~of the plates, bus,  &c. supplied by the latter are to be taken as correct. Anything contained 
~~sarnej'im;i-~&irnPar,y shall be allowed to be usedin these m the drawings or specification shall he considezed as 

wntsined in both. 
?'heWriW dim.ensions u@ t h e  by which the contrsatol 

&ell make his estimate. 
And whew@ neither the drawings nm the specification 

contain any notice of minor @S, the intention to include: 
which is neverfbeleas cleody to be inf-d, and '$hiCS 

are necesearg for the wmpbation and stabilify of the-. 
W O P ~  all suah additional things ere to he done airdpm-: 
vlded f ~ y  the mntmcbr, and are assumed to be ioc1uded:in 
the sum at which be~Ontra~te for themrka ; and wherevy 
mything is directed to. be done, or "to be provided if 
r e ~ d , "  or word8 of m& un rt. it must be under- 

includad in the tender. 
8" stood that ever$xng so rafem to will bc considwed W 

. ,. . . . - >: .~.. .. . . :~ . , k;. :;~-'.:- ~ . 
L- 

. . . .. . . 
. ~ .... -.. .~ .~.. ii* *. 
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amathe? .~&d~diiio& or .dadriatiom -or daviatim, or the 
c&ssi~~~of~~~W&~ks haein contncted for, or any F 
of t,b&pli' fdr;lnwoe ~ . w o I ~ & J ~  . d h  alte*ti0? 
or ndditlons. shall not m a t e  &is contract ;.the -vahw of 
such alhtipne;or dditions shall be ascertained by idmen- 

.- .st&zqnt, a i d  he add* or deducted, as the case 
; -y:be; at.&. 
; F sst forth in bi. emkmte. The con- 
. ~. ot. In a n y  he considered as hnving any 
. .. up'& the Cbmpany for ertm or ndditional payments 
' - '  f q  kwiaoeount of any such worke, unless he cm produce 
' ?b$ythOriv.in amtmg,~mgned by the Company's principal 

ewnem, for such dtenrtlons or ndditiom. The con-1 
aw not suh.let the whole or any part of the aark hnzeu~ 
cphsoted for without the previoious ssndion of the 
esgineer writing. 

The-enginioeer kill .provide from time to tims the detail 

to t i ib  con*; 
Tbe confrsetbt shall at all times, be ent on the 

. ' works; or, iu:t& absence, he shall p r o v i c  mmpetint 
.-=P 6emtative; fully authorked to act in h* behalf, in all 

mih. re la thg  t i t h i s  wotract. 
Th'hecontractor shell, at all time& by day and night, 

-- provide and use, at his own post, all overlookera, labour 
.and.:mti:riol& of everq description whatever, that may be 
mquired~forpmeee+ng with, and oompleting the works in 

--:a workr+%ulike~;m.~ner; and shall proceed therein at the 
;?.*-of pm@srthnt may be fmm time to tims required by 
-itkeB@ne,: 
.. . , 

I t  ish~bb-understood that though certain demriptions 
- I& ~. stip@ntio.m:ixe n p t e d  or implied in di&mt @s 

.of $his:s ecifioation, and io the contnrd to be entered into 
;for the .&%meit of the same, it shall not he thence inferred 
that the remainingdireotions, desaiptions, oramplifidou9 
ara in any wine invalidated. 

The bntractar shall, at intaroals of every month, furnish 
to theengineer a statement and m u o t  of all work done 

- by bim.during that period ; ~d of all amouota charged or 
.. claimed b him for additions, EX~TE~ ,  dam%=, compensa- 
-!ion, or.o&c&s whntwever, all which shall he in- 
rtighted,..*%:d,.'dnd-nettled b the snginep, ~emrdinp; to 
 the tstitpe.pli&a,,ab far m d e  same is a Ltcllble the*, 
>and+~.:p~ni;Plimb1eee-rding to tE dnntion nod 
&&sinen_t:.ofc:t?ie ,~BMdnt :afteiF . said .. .. -cnginear . ; and the mount  of such 
. . . emg.wt~fied in wi-i- by the engineer, 
-shall'b~~'&&$1~ti6 c o n e t o r  after deduc*ing 10 per cent. 
-.offithe G .&ionnt=whicb tiz ebnU remain in the hands of the 
- g .  e;mmpleiion of the works, when t h e n b l e  
. of-nlch wbwk:shjlll he o the contractor upan the 
- M e p t e  OE'$~$ en@6eer t e ? t e  contractor has paformed 
thisl mntract,.aiil all his obtigstions srising t h d o m  
Batiskctorily, snd:that (taking into consideration all claims 
o n  both sides)nuch:bslance is justly due and owing to the 
mntraotor,ind-nornon& sh$lbe deemed due. or ~ a w h l e  

~ n d  ahould the enginar beat any time dissatded witpith 
the nature or mode of p r d n g  in, or the n t e  at progives 
of the WO&, or any'prt tbawf, he ahrll have full power 
to p m o w  and make we of all labon nnd l l l ~ t m d s  whrch 
he may d a m  neoesmq, dedncting the cost of mcb labour 
aad m h l  fmm rhe money that may bedns, or beeome 
due to the contractor. ' Bat it m hemby axpRsaly declared 
W the poaaeasioh of this pwec by the en&serserBhail not, 

in any dsgrea relieve the confraetor uf hi8 obligations. to 
pmaeed m the execuhon of, and to complete the works 
witWhn " B ~ . & * M ~  , . ,. . . . 'I L.,., 

In  &e t e contnretor shdl not mntinue to execute sad 
advance the progreas uf rhe worke, or any p u t  thereof, to 
the satisfwtiw of the engineer, or his deputy, or if b e h  
the complerion of this contract the contractor EMI h o m e  
bankrupt or insolvent, or co&yound or propose to cam- 
pound with hia creditors, or w.my oa businesa under inspspeo. 
tore appointed on W f  of creditam, then and in any of 
them cases, the Company may, if they think fit, determine 
this contract, so far ss respects the future performaom 
t h e ~ L  by or under direction of said contwitar, m d  forth- -~ 
with give notice to the mid contractor of such determina; :: 
tion, and immediately on such notice all pendtiee and.sums 
for non-ful6lment of c o n h t  ahsll be forfeited to the said 
Company, and all mat&&, horsaa, engines, m a c h i n ~ ,  
vessela, b W ,  buildiw, tools, implements, and p h t  pro- 
vided by the contractor shall alao in wch m e  become the 
pro atg of and may he seized and taken by the Company. 
~ n j  as soon as convenient after the determindion of the 
said contract as aforesaid, the enginear shall &&n and 
fix 6naUy snd conclusively as to all parties, the amount . 
earned by and justly due to the contractor in reapeet of 
work done and materials provided, and the d u e  of sU 
nraterials, horma, engines, m h i n e y ,  vwela, boats, build- 
ing~, toole, implements, and plant, seized and bken and 
m pogsewion of the said Company, and the amount and 
value of other claims, it" my, of the snid conhetor e s t  
the Company, of all which e l a w  the eonte&or shrd give 
notice within six days of the determination of the said 
contract, and such o inem shsll eredit the contwtor in 
his aawrnts ivitb the?ompany with such amounts. A n d  
said engineer shall wcertuin the E U U 6  paid or advanced to 
the contractor by the Company, m d  the amount and value 
of all loss. coets, d q e s ,  and ckims of the Com+ny 
@nst the contador, whether by reason of the d e t d -  
nation of the mid contract, or the ects, negleds, or defaulta 
of the said contractor, in refmnce to this cootract or other- 
w m  howsoever, and shall make such allowance8 and dis- 
allowances on both sidea of such account as he, the mid 
engineer, thinks reasomhie, and be shall findly settle the 
balsnce of account due to or £mm the mid canwactor, and 
such balance so settled ahd1 he final and recoverable by 
the party entitled thereto under this s(panent. 

I t  is to be distinctly understood that tiie engineermay.:-,- 
at all times, direct that there be made a d y . d w o w : ,  .. 
fmm the line of the bridge as now.stak&i out, dditiobd. 
works, or any altemtions in, additions to, or ded& i 
from, any of the works hewin described or Rfened-to;'all 
which s68U be valued or eatimsted by tEe engineer, and-by . 
him mxthied in mnner  herein-before mentioned, and pap  
able upon a u k  certi6oate only, according to the prioee in 
the wntmtor'n &mate attached to his tender ; and that 
Ule prices inserted in the estimab shall be considered 
including all labourage, materials, and allcontingent er- 
wuaes connected with the works. to which such D& 
~ P P ~ Y :  

It ta also to be distinctly understood that the whole of- 
the W O I ~  are in everg particoler to be execyted to tlie 
entire sat&ction of the engineer. 

All.mettera and questions as to the true intent and 
mmning of this ~pecifimtion, or ps to what ahall be mn- 
ddered &ng on the work in a proper, ur&bm, and 
~ g u l a r  manoer, or as to the espense of any sdditiwal 
m r k ,  or deduction from that specified, or any nltera610m 
which may be m m  or less expansive thsn the work speci- 
fied-all or any of which may be o & q d  by the directory 
or the& engineer (and which they reserve pwer  to do), or 
.6 to whst conetitutea crhs or diminished work, or as  to 
the propamaintenanm of the works, or W to m y  otbe+ 
mattar connected with thin speaification or conhc% 6. 
foUw hemm-8haU be decided by Thomad Eltiot Harrison, 
Civil Engineer, London; whom fsiling, John Hawkshaw, 
Givil Engineer, Loudon; and the decision, in- or&al. 
d the said Thorn88 EUiot H b o n ,  whom tailing, t h & d  
John Hawkshaw, shall be finally binding aod oonclwiw 
Dn both parties. 
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CoNTdar.&h M- HOPKIN& G m &  & C o m m ,  f o r  the BUILDINQ of the TAY REIDOE, 
with Specification. 

@++cT, &erad into and eremted by, and be made by him : And-further the mntraoton hind them- 
between the Xorth British Railway Company, mm? d v e e  to re y to the Company all sums of money ex- 
rntea by .Act of Parliament, of the one put, and pendad by tc said Ds Bergue and Company Limited for 
Hopkins, alkes, and Company, Linnted, a ~ m p a n y  labour pdormed and materials u a d  in the oonstruotion 
establishd and incorporated under " The,Companies' of the works since the 30th day of April last: And the 
Act, lHG2,"eud onying  on business as ironmn9ters. contractors also hind thelnaelvur nnd theu famaids to pay 
found&, and engineers, at  Middlesbom'-on-'h, of to the Company the value of th? whole plant, buildings, 
the other-ppt : jetties, ste~unem, barges, boats, mnchin and other 

. . . . generd plant, on the mid River Tay, or thxnka thersof, 
--. 7irITh.BSOS& that  wherrrtss.con,+t, d+d the 8th clay at the bridge works, engaged, M e d ,  or employed by%he 

. of Nay 1871. be-n the h Br:t~&h b d w r y  &mpny snid fwmei contractors in cnrryiuv out the s ad  emtract 
(h&&+ft*;<alled:' the, e m  ny "), and the ,now d* according to the vnluatiun thereof to be mnde ss  a fomid ,  

~ ,T+dCba;il&r,:+xa ~ Alme f' e Berpe. t h m n  &led and that by panting b i  for the amount of such d u o ,  
.. bles. de 'Dezgue, of So.10, S%d, in the, munty of including interwit, payable to tba Company at  negotiable 

Sddleser ,  :ci* en 'new, and a r r p n g  on hus~nem there M e s :  And the oontradm %*her bind and oblige.thgD-. 
?be 6tyle a n r 6 r m  of Charles de Uergue and Com- aelvea that they shdl forthwith enter upon .the:said works, 

py, and tb;e anid Charles de ihtgue and Company, the and thereupon they shall and will- well and substantially, 
Charles de Bergue, and Charles de 13ergue and cam- and in a p o d ,  efficient, lasting, and nest nnd workmanlike 
unde&obk.to construct a bridge over the River Tay, manner, and to the entin satisfaction of the engineer, and 

about l+  mile atmu! the docks nt Dundee, in connexion uf tbe arbltem herein-after named, both as regards the mn- 
&h the MW.+ authorjsed by "'The Sortb 1kkk.b (Tnv terids used and the mode of their unae, make, exsoute, and 
Bridge and l+%ys) Act, 1870,'' and that yeordin to 23 completely finish the 6&id bridge, wit& a11 works ~ncdental 

$&,, secti~ns.and drawings of the s ~ l d  hndge,anf,rsdrks to the #ect mnstruction and completion of the m e ,  
t h & ~  mentioned, and a spee+atlon of including the restoration of the work uwted h the former 

worh-ex?d.b~the mid con- and anthenheated as contnrctom, which has failed through bid foun&tions, and:. 
da t ive  thereto at  .the prices and upcm the tume and con- also including the finding and pmviding all vteiialteiial,per; 
d son r  t h e 6 6  partipnlwly set forth: And wh- the henent and temporary as well as all jahur,.caniageof 

'&j marler de  B e p e  a?d- +m any entered upon the materid, xvorkmnship, machinery, vesaela, boats, barges;. 
constructid& o f - t h e s ~ d  bodge, anjsinca the death of the buildings, tools, implements, and other lnnt ~hataaever 
&d Charles de-Bergue upon the Apnl1873, theworks n e c e s q  for &ting out, constructing, an mmplcti the : h i e  been carried on b7 hi. ereeutnxes : And whereas ln said bridge and works incidental thereto ss doremF(ex- 

.ttie.progre?sof .the slud works certain Msngements were eepting the providing and laying the permanent rails and 
made betwqi the C o m p ~ y  and the d Charlesde h g u e  chairs), and thst in t e r m  of, anal in the manner described 
and Companyorthe mid executnxcs of the slud Chsrles in the epxification and according to the plans. sections, 
de Berpe,  for alktin and modifying certain parts of the and drawings, all snbscribrd by the mid psrtiae as relative 
works of the said:bt& as shown apd d-ihed in &aJn hereto, or m r d i u g  m such other altered or erplsnapry 
additional drawinwings, and for iucreasmg the contract p d w  ~dans, &ions, or drawings as m y  fmm tige to tlme be: 
of certain pmlions of the slud worke: And whereas the furnished to t han  by the Com any's engineer, declaring 
whole busine6a,.pmyerty, on tmzk  and rights of the eaid thatthe said apei6eation. in so as not herein erpmaly 
Charles de Begue and Company, lncludlng the contrJct altered, shall form an i n t epd  part of these presents, and 
for the afom.nidbridge over the 'hy, have been transferred the contractors bind and oblipe themrrelves and-their fore- 

..to De Bergue and Com any L~wited, a Company esta- a id s  to shide hy and implement the same, snd such other 'f -hl iabd~and,inwrprate under " The Cbmpniea! Act, orders and instructions as may hom time to time be given 
>. 1 9 2  ,? i +id~.%$erena the Compaoy have %geed with Ue h the engineer for the urpose, of carrying the whole 
-:&r&e-rud .ComyangLunM to put an end to the &id the works of the aai% hridga and works, incidental 
. ~ b h ~ f r f i r i t ~ e . ' c o @ t r u c t i o n  of the said bridge-over the t h a t 3  as aforeasid, or any alterations thereof or additions 
7 T$:as:at th+lit, ,day of May Imt : And whereap the Mid thereto or deductions therefrom into afed: Decking also 
iHopknis;CiilliG;and.Company Limited (herem-after called that though certain descriptions and stipulations mey be 
the~~ntpatotS):have ayreed with the Company to take up tepeatediin ddfmnt *a of the mid specification. mad in 
the-do&-wntraet as at  the 1st of May last, and from thta mntraet it shall not thence be i n f a e d  that the re- 
thence to - on and complete the whole works r emrung  maining directions, descriptions, cc smplifieationa are in 
to be executed under the aame upon the tema and con- nnyniae invalidated. Declaring alm that the engineer 
ditions under written: And whereap the contractors have &l have power at all times to d l m t  that tbem shall be 
amhged with the Cbmpany and the mud D. Bergue and made any deviation8 from the line of che bridge as s*ked 
Company Limited, to take over the whole unapplied out and delineated upon the foreanid plans,. seotione, and 
materin1 nnd- plant- at  the works of the w d  bridge accord- &win a, additional works, or any alterstiona in addition 
ing to ayduation thereof to be mnde by John Anderson, to or feductione fmm any of the wnrke herein or in the 
IClvllEngineer, Middles+'-on-'I'ees : And where= the said spacificotidn demibed or d e m d  to, pmvided,the 
~joint.~&mmitt+ ..acting unaer tba agreement between the same shall be within the pwers conferred by the mid A&, 
-C~mpan~;and:tEe:suI,scribers to  the Tay Bridge under- and the Act* incorporated thenwith, nmhout vitinting this; . 
.taking;hpve give.< the& sanction and approval to the eaid arntrnct or affecting the y e a  in the said schedde of.prices 
~~gemEntssstestified by ths endursement hercon under amexed and subscribe as relative h&. And it ia 
.the-:hand gfiiheii si i ietay:  'Chonfore the sstd w&iee hereby fe r tha  spialb provided and d&d..that the 
; h a & ' w @ - ~ a n $ & ~  asd .obltge themselves &h ,and contnrtors shall, a t  intervals of ever). month I*- the 
6 &h 6theri+i'f?llows : That-is to ss  the contractors .comn+mEefnent of the worka to he exeosted by tbem under - 
henby hind--ahdbtilige theniselves an t t he i r  ereontors; . th~aiont&,furoiab to the engineer a statement and s*r 
adminiatmtorn andsucCeeam, all conjunctly and severally muat  ,of all 'work done by the couQaotors during t h e  
to take over andipal the Comgeny for the whole materinis ' yeriod, and of dl umounta chvyed or claimed by them for 
u p n  the ground not permanently applled in the structure . e h  or unspecifed w k .  damagw, mmpencaion, or otbW 
of the said bridge vrrp at the 1st day of May h-% and -also claims- whotswvw, the wbolu of which-atrtement. und a* 
the materididelivegd aiuee and including that date, and munta and claims sbdl be inveetjpted, valued, and sdtltled 
@to their-entering into actual ession, including the hy the engimer, wording to the pr im in the & s h *  
mslde mnlleahle:i~oi~ caissons a n E d i t l o n p l  bmings for dule of riowh so far ss the samo ort: appliiblc thereto,+ 
gigdes:.&Gi%d to.the Campony under their agreement where t f e  same m not applicable thereto -ding to:-&? 
with~the +&~erUergue and Company Limited m r d i n u  valuation and ssawment of the erqineer, or, id tI+-?rnt 
to the va1uation.b be mnde as afumnid and all as d u s t e d  of dispute, according to the valuation and sssessiint',jf:the. 
a n d  hettled in id fit as relates to the quantity of such arbiter after named, and the a m o u t  of the &id -bunt 
msteriala by t he~e tqhee r  of the Campmy. And the for the said work and claims on the part of the a r a h b o r s  
3ontRlctors.ijind and ohliie thernaelves and their foreaaids shrll, &er the amount thereof has been oertified inrsliting 
to psy or acedunt!for to the Compaoy the vdue of the as ~vrrect b the engiriw, be pDid to the m%&, affer 
whole of the said materials by penodiud iostalmenta, aa deducting &l per punt. h f ,  until the 10 per wt. 
such msterisls:;are. progmnively inoorpolated with the thereof a b l l  u n o u ~ t  to IO,WOl., arhjch &ball rmnaiD in the 
works, or are o t h e e s e  applied or disposed of by the con- handa of the Compny till the - p W n  d the whole 

and t h e  .'quantity of such matetis& no uaed or works, and u p n  the m p & n  of the, h o k  &S .tbs 
dispeed of sW%e;ddfustd and fixed by the engineer of whole of the raid dedumoo of lO,U(@l.ab.ll be 'd to  
the Company and . s t r t d  in the monthly measurements to- the oontraotsm, or their foraseida, .upon h.& of 
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the em&@. %t :tde .wn&ra and their f d d s  have 
perfpimed~:t~eEpnrt'of the contznct, and the whole obli- 

tions inoumbent on - them nnder the same, to +, eatib 
% i o n  of the engineer; and npon the further cmt~ficate of 
the e n g i d ~  that, after taking into eons~deratiou the 
mntusl qbh@tions and claims of the C o m p m ~  and the 
oontruetor~,~the amount of such  deduction in ~ n s t l y  due 
and b a n g  to the coutraotors, or t h e i r L f o d d s ;  dnd it is 
f u r t h  u@&d that no moneys shall he deemed due or 

-payable t o  tlie conhutor? or their foresaids in redpect of 
on accau'nt for work or clslnu under t h ~ a  contract, or in 
rekence thereto, in any wny except the name be certified 
in writing ss come& by the enginaer M d m s n i d :  Such 
certifimte not to  be withhe1d.b~ the engineer when due 
and applied-for by the a i d  wntraotme, except on sbted 

. d i d  a n d ~ u b s b n t i a l  grounds. And in all settleplants of 
..@aunts b'&een.+ contruetom or their hnsaida ond the 
;:Comp&iny it.is-hereby agreed-and provided that no pey- 
. . in&tf6iktre:& unspecified work or dtention- pr d e  
- :~ ia t ion : fmin~th~w~ks  specified in the said specification, 
Gill'be aUo&+by the Compan to the contractors or their 
.*or&ids; &l.& the same eh& have been done under the 
-written autharity:of thu said engineer or his authorised 
. q e n t , o r . b y  oral directions given to  the contractors or 
their clerk of the works by the said engineer himelf, end 
which authority shnU be produced and oral dlreotioos 
pnoved a t  the time of the settlement of the aemunt be- 
tweeu the contractors or tlieir foresaids and the Corn- 

my,.otberwise the wntnretors or their fo-ida shd l  
~, Kave no +m for the said extra work or work mused 

by aaid.:al&r;ttion or deviation. And it s hereby agreed 
t h a t ~ g l  -extra orunspeeified vorks that may he done 
undir this.&ntract ahall be oarried out in like monnar 
-with, ttie rpejified .works, in  terms of the anid specifi. 
&ion,.-declaring . t h a t  should any smdl discrepancies 
-6riat.b;etw+p;theaamcsduFement by the scdc attached to  
the.-said:lplnqs, @ions, and drawings and the written 

..dimeni~oh<,,in-the.dd svectticataon, plans, sections, and 
kGaht?gi the written dmensiona shall be taken ss cor- 
rect. A n d  it  is further m d  that whuever ne~ther the 
ssid.plsns, section& and drawings nor the said spedficat~on 
contain sny-notice of minor arm, the mtentlon to include 
which is clearly to he infem8and which parta are necessary 
for the complet~onsnd stabi!ity of the worka, all such addl- 
banal t h i n p ~  n% to be done and pruvlded by tne cvntructors 
+nd:ther,toresaids a n d  are assumed to be mclnded and 
covqedby~the pnasfor specified work contamed m the s a ~ d  
achirdule.of p r k s ,  at which they contract fur the worka 

pany's engineer. And it is hereby apsciall conditioned 
and declared, that it the contradors m their krebrsaaids shall 
not commCnae the said works &tun the period hefore. 
mmtionsd, or ahall not uniformly or regularly m y  -on 
the same to the reanonable satiafoction of the Company or 
their engmear, or if it shall appear at any.time or fmm 
time to time to the Company t h ~ t  a sufficient numbcr of 
men or material arc not employed or used by the con- 
tractors in the execution of the works hereby contracted 
for, or that othemiae the work is not proeped~ng at such a 
rate s s  to ensure the completion oI thewhole works within 
the time above speoified, or if the engineer shall at any 
time be otherwise rsssonably dimetistied with the nature 
or mode of proceeding in the work, or if the contractors 
s h d  not adhere to and implement the conditions-herein- 
and in the said specification contained. or shall cot  c&- 
ply.with the orders and dueotions to be aiven from time : 
to  tune by the Company's engineer ss afornaid,or.shdl 
from any cause whntever he prevented from, or delnyed in 
proceeding with, or completmg the said works mcrd inq  
to  this contact, excei~t a3 herein-sfter mentinned, it  shaU 
be lawful to the Cmpany,as often q a n y  such event shell 
happen, hy a writrittsn no&, to require the contractors tv 
commenceor proceed with the aa~d works, or to providi 
or employ sucri additional wakmen or metcrial, and for 
auoh length of time, and to comply with such orders sn 
the case may be: and in case the contractors ahall not, 
within fourteen days, conform to mid notice, or emplo 
such wmkmen, or provide such material, or comply wit{ 
such o r d m  M may be so gwen. ~t shall be lari.ful to, and 
In the power of the Company, to  call upon the arbiter 
herem-after named and appointed, to anthori~e them; end 
the said arbiter may thereupon authorise the Company to  
provide such additiunal workmen, and to  make use of such 
materials all as the engincer may deem necessary, and to'  
WntInue to employ such additiaml workmen for s&h 
length of time and at suoh wages .w the e r q i n w  shall 
thmk fit; and the paymcnta thus to be made for the same 
by the Company, ioclud~ng the cost both of labour and 
material, shall be mnde and deducted out of the money6 
which may theu remain due to  the wntractors, or their 
foresaids, or which may a t  any time or times thereafter 
become due to them. And the Company shdl, in t5e said 
event, be at liberty to take m d  uso the whole materialp, 
horses, englnar, machmery, vessels, baats, barges, building 
tools, implements, and whole other plant of every deacrip: 
tion provided by the cootractors fir carrgin on the xork i j  
and to provide such adllitional materials.:fomar. enrider: 

shown upon &J plnoa. sections, and drawings. aud speci- machiniry. vessels, boate. barges, b ~ i l d & ~ . . m o ~ ,  i;hple: 
fied in such speciticeuun ; the true intent and meaning of menta, and other plant of everr description, a t  the.expenee 
tbm conrract k i n &  that whether the same he 8pecialb set of the cootsbctors. M mav be rrou~s.tr for orooeedinr with 
forth and expdsed, or not, herein, or in the s a d  sp&& 
esrion, w u p n  the mid plans, aecttons, and dmwings, the 
contractorsandtheu toresnide ahall.unleas where i t i s  herein 
er@ieesly.p*vided to the contrary, provide and furnish, 
withoutmy extra pria: or compensation therefor, all the 

.&steriWand.lrbour (excepting the pmviding and hying 
.%hi eemtyent  rail8 and chaim which shuU be done hy tbe 
C& any) requisitr ibr the construoiwn of the said bridge 
bnd.t%e whole worka incidental to the perfect mnstruction 
and completion of t h e m e ,  and that in  d 1  respects in an 
efficient and workmnnlike mDoneF and to the nasonable 
eatiafsctionaf:the'&mpany's engineer. And it  is hereby 
pt<viiledy:and. d & & d ,  that che contractors and thew 
f 6 & d s - s w l i b e ~ t  all expense and risk of setting out the 
w6rksfr-a'16:ti1&1t~,tirne and s h d  allow the engineer or 
-iupuin&dent~,unn&r him to have any workmen or . , {"and t s tu rnah  h ~ m  with sJ1 such poles, sakes, 
&G, add:,othrr. &stance ss he may reasonably require 
:for the p ' @ p ~ s e ~ o f e x a m i n i  or testin the eorreztness of 
.thewoihii.hikit set out, ro&f& wath or as ere- 
cuted, oud-.+?&hg,ss pmuide$ in the anid spe@cation~ 
tat t b  uutki+ls.w,hich a r e t h e n  required to--bo:t&di 
and thatai l  without m y  charilo being made for tho W. 
and.fmxther.theqontnrctorj bind and oblige then ,  c:vw and 
their fue%aida.':that the-workn yet to be d w r  shall be 
wmmenced' withuuc delby s h r  the signing of this 
contnct,and  id w r k s  s h d  be earrid on so that 
the.ahole works njacilied in aaid specification and shown 
npon aairl p*,~ &ions, a n d  drawings, and anoh ad& 
. h r + l : d  k$ a n d ~ u t i o ~  .as the ewineer may d w  to 
be +.nfmtneid shall be finisbed, and the a i d  
bddgs; ~ r n p + ~ t e d -  in e v q  raspect (the Company on1 
suppLpg:yd.~laying thenon the peruuruent rails .on$ 
oholrr,f W*-, tm yeiw from the 11th dsj of November 
next to b b  eud and dect uf the mid hriclge being.opened 
within t h e 4  pe&d with tha motion and appmml of 
tk Baud-of -or thbir kpeahg  0 5 ~ .  And it  1s 
.@by upecisllprgRed ,and pmvided that the wonka shall 
be.comm&wd and ouded ai E$. su+ points, parts, and 

W sbaU ,b -W a d  @pomM by Dho @m- 

the same; and in case tke balince then Juc to th; con- 
tractors or their foressids, or which may thereafter become 
due to them, shall be insufficient to cover the said pay- 
mcnts and expenses, thp contractors bind w d  oblige them- 
selves and theu foresnide, to pay the same to the Company 
on demand. Uut it is herebr provided and dechred, that 
the poasesslon by the engine--of the power contsined in 
this mticle, ahall not in any degree rel~eve the contractors 
and theu fonsnids of their oblipstions to  pmcekl in the 
ereoutmu of, and to complete the works with the required 
aped~t ion :  Or otherwise, if the coht&ora.or .their fors; 
antds shall not continue to execute and advance t h e  pro: 
gees  of the works, or nnv portion thereof, to'the &tis&p 
tlon of the engineer, or if before %he comple.tian.of~thip 
contract, the.contnrctom or their fonsaids i,Ml become 
b n k r u p t  or msolvcnt, or componnd, or pmpose to  .&m- - : 

pound with tlteir creditors, or m y  on business-under . 
?nspectora appointed on behalf of their credztim, t h ~ n  and " 

m any of these cases the Company m y ,  ~f they think.6t. 
determmcand put tm und to  this cantrait,so f u  u9 regards 
t h e  future perlormauoc thereof, t ~ y  01. under the direction 
uf the contntct~rs or their forestrids, and forthwith gi<e 
written notice to the contraeturs or them forsaaida-d eueli 
determinut~on, and immed~ately on such notice being given 
all sums of mane due and unpaid to the contractors shall 
be forfeited to t i e  Company; nnd all materials, horses, 
q i n e s ,  m h i n u y ,  vessels, boats, bugoa. building tools; 
itnplemenrs, and vhole othcr plant of every description 
provided by the mntractora may. in suoh U w e ,  be tnken 
posamaion of by the Company; and the Company shall 
have full power to tske the whole worka ont of the hands 
of the contractors or thrir f o r e a d ,  and to prowed with 
the said works, m l  to  wmplete the same or to enq)l$y. 
m y  other p c m n  or pmons  contract or'uthetwae 10. 
mmplete them, and to  take and use the materials, hories. 
engmes, macbinq,  veswh, boats, barges, build~ng tool6; 
~slplements, and whde other p l m t  of emrpdeseription 
whmh m y  heve, been- pmvided hy the wntractors for the  
c?nsCruetion of anid works, or to  provide sneh other mate- 
"aka, horas6, engiaes, mschinerp, msels; hats, barges, 

d S 



of the mooeyn that may then m a i u  due to the contractors; 
and in case the mid monevs shall be i d c i e n t  ro cover 
the same, the connaotora bind and ob e tbemselveu and "fi their f o d d s  ca make payment thm to the Cornpan 
on demand ; and as smn as conpenlent +er the + 
detvrmnntion of chin concrart the engineer shall m 

a 
aud, in ease of dispute, with the assistmm of the arbiber 
fir 5.d~ d. dondunively as M all partiea the amount 

.byand-~$iatly due to the contrscto~~ in nap& of 
workidbne and-.zUeiiieJn provided; and the value of all 

and of all loss m d  -8 which may be inewed th&b- 
And it in .hereby expressly provided a d  declared ?bat &hi. 
care of the enfire worb a f  the bri8ge shall zemsm with 

!materials, homes,engines.~;achine~, vessels. boats, h-, the contnrctare and t h c i ~  famsaids until their nnnpletion, 
building tooh, iniplemente, and all other plant ahatswver except as afownid, and the concwtorn and rhrir foreaaids 
seized and taken and in w s w i o n  of the Cornpans. and shall be held rasmns~ble for all accidents thcmto no ca the 
thn,c&,g ,&+due of'oths, daima, if any, df tlie con- time of such c& letion and for all defects therain, snd . . 
,w%.Pgainat , the  Company, of all whi* claims the con- shall be bound as &ey hereby hind and ohhge themselves 
,*tors five notice in writing oithin 21 days after and their foreaaidu, at their own expense to makc good.aU. ~ .&id d e w a t i o n  of the said contract, and the en- damage to. and defects in, the ssid worlia, whether prising. 

ineushall ?dit the conbaotora in their mounts with fmm had or insu$cienr materials, bad workmanship, w i -  & h p a n I r + ,  such amounts, and the engineer sh& dents, or oamleusoees of the workmen employed. But the 
.i&&in the h m w p a d  or advanced to the wntnotors by contrsoton, shell not he reupowible for any iqiurias tg 
. the &m&; a@:theamount or d u e  of all low, ousts, the works arising h m  the act of God, or of the Queen's 
:dams(ps,and::daims of the Company +nst the wn- enemien; and decking that no oerti6cate or approval h 
- ~ r a ; - w h e t b & l b y  Y m o n  of the dstvrmnation of this any &W of the Companp, except the engineer afomi{ 
.*tW,&th<@s neglects or.defadts of the contractors of any works supposed to have been properly ddona, shall 
:ifref&neeto th i s - .mute  or otherwise howsoever, and affact the right of the Company wainat the wntreotors m&.su ~~ oh dlowsnces and dissllowanm on both sidea and their fwesaids, or be conaidered .or held n# at .all 
9 & l ~ ~ i i t t - &  11 tbc engineer, or in w e  of dispute conclusive as to the sufeciency of any works or msteriale. 

'as hi*&.ai~d-+bitcr. ahaU think reasonable, and he shall And the mntractora bereb bind and ohLge themselven 
.:finally;~ettle t+A&iCt .of nccount due to or from the and their foremids, that &m the commencement and. 
; ~nt+ t@rs ,+d  it:i<bereby specially stipulated sod agreed during the progress of the work hereby contracted for, 
~~~~the C ~ m ~ ~ ~ & a l l -  have a lien upon all material8 as they W at all timea be presant on the works, or, in their . ~ 

welbw upoi~=irll~liorsca, enginas, machinq, vessels, boats, absence, they shnll provide a cornpetat representative, 
%&S, buil@g (tools, implements, and other plant of fully authorised to wt in their behalf in all mitter& relsting 

'every d+%pt ion>~  shall for the time being he brought to this contrad; and all instructions and noticm p e n  to 
or l m b n  ornd, to the site of tbe said works hereby con- auch npmntativen ah& he deemed to be given to 
tnreted:fm as .ajmnrity for the completion of the said the mniawtors and their foressida. And the oontractm 
warka and ~othawise as a security for the due implement hind and oblige thermelves and their Eoreanids not to 
iuid ful@mmth&the cont+m and their foresaids of assign or sublet, except with the consent of the Company, 
,their .. ~ plut of 'this,conhact, and all such materials, horsas. evidenoed by the wntten authority a d  consent of - their 
enginaa,:~hi&q$ii;e$ehj boata, bar(:@, building tools, engineer, the contract hereb entered into, or any part 

liiiipl~eedts,:.ar;d~sther:~plant o f  every deaeription, shall tbereaf. And, further, it is gereby contractad. a n d i g d .  
;.fiomthe:ti~;of:'tEeir.+~@bmught or left on or near the that the conh&rB and their foresaih shallkgive eveiy 
:site of~':tbesaid~~works, be held to be the property of, and resaonahle Mlity to the party or psrtiea who shall con- 
~belong~.'~tbe@$p~y,:and shall not, without their con- traet for the conahction of the railwar or rnilwaya which 
:'k;itialiviiting;:~pi-:rei~oved or taken away therefmm except ,thall adjoin the said bridge on both sides of &he r i m  as 
'in;s~bi;$iiution;~foi~ather materials and things of a similar may be nerrssnry to enable the said party m  psaies to 
kitia;:which.$hrill :&:I~sidered by the wntneuna n m a  execute and maintain the m e  as mbraced under his or 

++f&the p:&rmanoe of the works, snd thev their mntsact or contracts, such acwmmodation ,hsing 
- -  shall be entirely at'lthe nsk of the wnhecrora and the& r m t e d  and directed by the eqineer, and no mmn- - 

foresaids: Pm5ided:-al+ys that upon the whole of the venienoe, or alleged i n k p t i o n  ariain thercfrom, s h d -  
said ivorksbejugcompl8ted ns aforesojd,aud after ayment form any ground for o h h e  of dT f y  thc contnctom 
0 f . d  aum.s due. by the wntrastom or their foresal& to the e n d  the &mpny,or i?xtsusion of the b e  for bisbiog 
Cbrnpy, including :penalties if any and others, the con- the work contained in this contract, unleas the snme shdl- 
W o r n  bjnd qd,ob%e themselves and their f o d d a  nt occur for an unreeaoncble priod, whicb, in arse of dlrpuk 

: 'thqirown- espende;:&d with the consent of the Company - between the wutm&m and the said engineer, &all he 
' : ~ . ~ o ~ ~ ; t 6 ~ ' ~ f 1 p v e  io  much of the said materiale sn decided by the said arbikr. Fm m&& caums and op th ~. 

~:I+veinot &n:used-:up6n .the nmekuction of the WOIIKS, other pm: the C o m p y  bmd and:oblige themselm to 
~ ' a n d ~ ~ i ~ ~ & o v e ' ~ e B & i d  plant, and decking also that make payment to the wn- m d  their fonaaids for <all;stsging <&X' 

, . . ,s pl.Gg::or other obstruction to the w ~ i -  and in reu t of the works of the @aid hidp b h y  
'gabon:of;tpe:nRvifr'r'?~:~be eneted i n d m o v e d  by the mntraeted g a n d  adually erecnted by them mcording to 'colom&;.s;ridff:theiieiiLLf"oB~ds .~ .~ ~ . : ~  *... ~..~ . ..,...-..d. ~ .... ~ 

, id  d a n c e  with the. the arid d e d u l e  of p r im hsreunto arm-d. BD h as the 
. -M:.<q++nte:of tbe..~nblic or looal. authorities- same are applicable the- and when tha same. cm not 
jm:reapect of',&e:nati+jation of :the said river, and that et applicable t h a t o ,  a a d i n g  to the vrluption and assess- 

.; the-sble ii$sn~e:of tEe mQ&t.xs andtheir foresside, and ment of theheginem or tbe BIbjter h m b a f t c l  appoinhd, 
the Wiwtam biod and oblige~~themnelrca and their fore- which papsntehall be made in manner following, thrt is 
mids a t  their o w n ~ & ~ n i i t o ' ~ d e  nll k h t a  ; and light, to say, the Cornparr bind and ohljge themselves a t  the 
and swteh all the%orks;during the mostruction and until .expiry of everg m o d  dta the comnmncnment of the said 
the pufect mmpldtiod-+it  ~ . a f o w m i d  of the bridge, rwdrks to pey to the wntrsotors, m b-ids, t h e  
and also 9 emc~~iights in .such .positions as may$,t$ value of the schd qubntitg of the works ahi& bp= beea. 
Commis4lonm of tlie ,Naithirr;I;i hts or the anna.. exexited in .&c p m d i  month, m the aaid q-ay 
Deparbnmt .do,,w and ot mdLaf ths %&of 'I%-K%i required .& the-. ;iM he sa-nad by net meaar~ements to bs d e  ca 

.. ~~ . ..river .;.m-. " , ~ .;:~ tion on Me mid wB4Jht wartwned by the e ~ i n w ,  d u e  & he trrlren 
.mt:xq:keb~-.$ided i t a d e d s m d  that the in all oaaea without any allowam for m or fscmadrk, 

$&~hft&Xiwi!W@~;biimity to the. Caledonian Bail- nn$withstanw aoysd or lmal du-. b ths-.. 
.-wnye +be;z$$$:+ by t b e  mptradors and their f- tanry, and of P11 auma drargedor olt&r~ed by ths E o n s ' ;  
...m 6 mn anch a manner +.shall not interfue in any m y  or their foressidr, wd d . b y  the engf- as co& . wiih-.t& <. 

cof :tliat.jiilway, k d  if the contracton or -as afonsaid, and* din MO-g, +M s- .-: ,~.. .. 
'fo-ds. sliall !do- i? t h e  eontr~y, t h y  M ba e q d  to 90 ant. of t h s r s i d d u e  as ~~~k i&sad  

~ n s ~ ~ f o r , ~ . $ d ~ & - , a n d  d i w e  the Compny of all -unt sh$l Ereabsd,sndealmd,sndgoed u n t b p & . ~  
= ; sndGdbnvge &aL:wharhleh whi&:. :ui% ;be : im6de ~ , -st t h q  sod of ]as ti&ate of h whin incibirmgB.i+e m31led- 
,. maybe in& t h b y .  Further the amount of the W& ~ti.UgLathejuiew&f& h-* 
'Oi;ia&tik.,h-&@ind p d  & b e  t h d w  and t6d. a u l e  of pai~es gar m 
fokdde M pmvlde & t h e  o m h t - e  policunen & w k  W. 
:- me41 My.& :&dnsd the a by m y  aforeaajd, a m l & . h . m  
oneamorspf~~&&bstasc?ihediibi&,.atlreCom- W p m ~ ~ l l t ~ & - a m . , ~ -  

~ ~ m ? r $ s t e - ~  ~. ~thinknsesuayfor  &;the q&-&im.of& .laolllgr.paip'tofdy * d w  m . . d G o r  p-n the pro- tuil mollat& i ~ o e ~ ~ : i d ~  ~~~,~ 



+&&&,,a;& , -. &- ?,=*:m the 
;.Mk. - ~ . 

U* *b'"fhrd .*a Snstalments 
W M c k  hill net be p&& to W 6 their 

n-+them h any h y  whatever, 
.the s a i d . m e s z z e % &  taken.for the aatisWon and 
ir i todtion .of the engineer, 'and when the whole work 
:tiereb hntraoted for, including ertm or additional work, 
shs l l -k lhken completely finished to the resonable 8ati6 
f&ion~df:itie:e&$ncer or arbitn.'and after he shall have 

.-&&:sfi$ etemedt of the price due to. the contractors 
'for $bthedi&:worLs as completed, estimated, valued, and 

--firscl in ibnerafoRsaid, sod p t e d  a certificate to that 
e f ~ e c t ; s P c ~ ' m &  not to be mthheld except on Btated 
+d ii@ -sub&ntid p u n d s ,  the~Company bind and 
o b t i e  thepladves to pay to  tothe cantractors or their fore- 
.~ide:tbe.bdkoe:brought out in their favour h the-said 
W l .  a&&ment;and extau, if any, *&ch shall he due to 
them: -Ai~d;all the parties hind and oblige themaelvee and 
-.their forehida. to fulfil this contract to  each other in the 
whole-bdi, articles-and Etauses thereof, and of the speci- 
flartion.'ippendd hmto. And they hereby submit and 
.&-erto the: flnal sentence and decres arhitral of Thornas 
EUjot'HH$+cd, CivilEnginm, London, whom failing, SiY 
Jqhn Hadt&nw, Civil Engineer, London, whoshell not be 
dGqwfied by their or either df them being or becoming 
a sharehlder or-shamholdera m the mid Compan , or by 

:their accepting of any office or situation under %e anid 
h'imnaxi+..from octine as arbiters. under this submission r7,. - - jn-21 dsputee o r  di5knc; ;hich. may kise between ;he 
weral parties hereto, regard in^ the true intent and mean- 
:.& of anyofthe pm&ions hentin-before written, or of the . .. 
:.q-&i@4;on8_hgi6 wnexed, m as tothe mode of w i n g  
- i u ~ t &  works, orthe natun of the materials wed therefor, 
or:t&~cl+% idmpetent to the Company apainst the 

-mn&sdorS, or. the claims for extra or unspecified works, 
-& -otb-eraise.' competent to the wntraeto& again& the 
C h p n y ,  end ' generally all . dinputen and differeaces, 
claim, a n d . . m u n t i q s ,  by either patty, in any way 

-aFisingmtt:of-the erecution of or fa i lm to  execute the 
works hereby:wntrscted for, whether herein-before sub- 
mitted-or not,,and whateve? the nuid srbike shall dmct 

o r  r ~~~~ ~ 

me,. or wnt to t b m  by -d letter, poeted kom one 
of the ost offices in Edinburgh. adhwmd sa s l o d d ,  
and 8110% notice shall be held and considered to be suffi- 
cient notice. U&ng that the &davit of and enby in . . . ..~ ..%, 

ymtqgc +:tliq. o r b y  b k  kept by him for m G n g  
: - p o a ~ ~ ' . d e . l ~ r r r r i q ,  o the person who mny h a ~ e  left the 

:notioea hive been properly -d upon the aaid mnmrctors, 
any &W o i p ~ c o c e  to tbs emtnvg notwithstandin(l. And 
furtbu, it it i s  hereby decked thst the word " c o n e -  
tors," at "mntrsrtor," uecd t h g h o u t  the R.id 

. ~ . ~ .  .- . ~~ p p ~ .. r - - - -  -- 
in- it. thst in' the event of the .wid C o q p y ,  & :be 
sign% of thie mnhad. not giv' to the emd contractors. 
Or than fora&&. wsseaslon of% k d  and abarmhen 

whole of the 'oda fox which the ssid contncton or their 
fomaids ahri!%.so d e h p i .  Pmrided &, th.t id. ihe 
event of anv atrike of workmen in the &rid or in-nnv of 
the trades ekploycd in the mnstruction oP the a i d  bn'dge 
and approaches, or an injury or delay arising to the works 
in mnquence of tge act of God, or of the Queen's 
enemies, the time within which the said works are heraby 
agreed to be completed s h d  be extended for a period 
equivalent to the time for which the said worka shall be 
delayed b such causes as aforeaid, and such exteqion of 
time, in t f e  event of d i c e ,  shsll in all case8:be ry(u; 
bted and 5xed hy the rubiter herein-before appoint+ 
And both parties consent to the m$tmtion.he+f,'and<6f 
the said syecificntion and aehedule of p&,addof-the, 
said deorees whitsal, interim, or final for pm+dtion:and. 
exeoution. In witness whmof thew presents, printed 
upon thia and the huur preceding pages, are subscribed. 
by and smled with the common acal of Beid Hopkins, 
Gilkes, and Company, Limited (the signature of the said 
finn being adbibited by Edgar Gilkes, one of the managing 
partnera of that Company), at Middlasbmo'-on-Tees. the 
26th day of June, in Setu 1R74, in of John Tate, 
acwuntant to the sard Compeny ited, and Tbomks 
Balfour, olerk to A d m  Johnstone, wlicitdr to the,aiid 
North British r(ailrsay Company, and residing in FAn- 
huqb. And are also sealed with the common seal of the 
said North British Railway Company, at London the 27th 
day of t,he said month of June and year last ahove-men- 
tioned, in presenee af the said Adam Johnstone and the 
aaid Thornas Balfow. And are &o subscribed by George 
Haminon, merchant, Edinburgh, and William Mu*, mer- 
chant, Leith, two of the dLeetors of the aaidNorth.Btit*h 
Railmy Company at Edmburgh, the 6th day of Julyiin 
thc yew kst above-mentiod, before theeeaitnm~& Jimy 
Fergumon and Rob& Jackson, both clerks in the h@ 
office of the North British Railmy Company. Edinburph. 

that this testing clause is written by the aaid 
.'In"22'%dfour. 

(Signed) Geo. H ~ ~ n l s o n ,  Director. 
WILLIAM MUIR, Director. 

( S a l  of North British 
Railmy Company.) 

(S;&) .l. FERGUROON, witneee. ~.~ 
K JACKSON, witmess. . . - .. . ~. . ~ - -. . - 

Sealed with the oommou or corpnl~teral  of: .: j . ,:.. 
. . the Nonh British Rail- Comkny: and; . . ..:';, 

deliwcd this Pith day of June 1814, m . 
(&Rued) AD. JOHNBTON% Solicitor to the 

North British Railway Company, 
witnew. 

THO. BALFOUR, Clerk to the lsid 
Adam Johnstone, witnens. 

{Signed) HOPKINS, GILK~B, & CO., 
L1xITlap. 

EDGAS GILKES; 

, - 
Sealed with the 'common sirsl- of:H G&. 

Gilkes, & Co., Limited, and d e l i v J ~ t h i s  
26th day of June 1874, in pmence of 

( S i w )  J o a N  TATP, huntant.  - 
THO. B ~ s a o u n ,  witness. 

Clark to the Mid Adam John- 
stone. 

SCREOULB of %cm applicable to each demi+l?m~ of 
Work in the mnatruction and complation &-the 'hv 
Bridge Work required to be p u f h e d  in &ordan& 
with the SpeeiGeation and Con-. 



TAY B- 

c o n e  in bags-lall hy d i ~  - per ~ b i c  M 
Coet i p n  in of pler 
- columns - - p t o n  - 
b t . i m n  in columna -- - t) 

wllesbleimn.in: bnrcinp and ( 
h o b  for do. - - M 

Mdlenhle iron in impost box 
gliders m &p of columns 
prepred for-bed )dates - 

Cwt iron in-bed plates, barring 
. plates and mlkrs  - - - - ., 
.MallcabIe.:mn:. rol@ frames. 
:- . countersunk---.bolts, and 
' , -hoidiii~~ddw6bolta - - ,, 
.M611&h6hle il;o%i~&&idera, fitted 

andfir&: - -  ~ - - m 

' ~ i l l&hle  Lon in #irdezs, in 
:b&cinp of do: - - m 

Einber in bauns, way 
.' bcams, and planking - cubic foot 

C&-iron standtuda of band 
railing . - . - per ton - 

Malleable iron bolto -fir k i n g  

'   he shox*;js t h e  Schedule of P r k s  ref-d to in the 
foqoirig +ntrscL ?ztwr@n the North Britkh W m y  
Campin m d  Hopkins, Gilkes, & Co., Limited, dated the 

2Gth,and2ith.diF of June sod 6th day of July 1874. 
- (Sighed) THOHA~.BOWCH, C.E. 

I3o~nrh.s .  &LKRs, & Co., LIMITED. 
.. . . $norm GILKKS. 

. Gso. H ~ s m r o s .  
, . . --M'ILLIAM MW% 

Itdinbnrgb, 6th July 1674. 
As.otrt&ori$I:,6yithp Joint Committae of the Tay Bride 

tl.&l&.kinjj: of%6 P;orth British Railhy Company, I 
tic~by,'~m~tK~i~.j~half. ssneticn and approve oC the fore- . ~. 
gaing:CoOtisct, and of the whole provisions and arrange- 
ments-tEerein~exj)reiised or referred to. 

(Sinned\ G. R. W r e m ~ n .  

SPICIPICATION. of Works to be execukd by HOPSINS, 
GILKE~, B Co.. dated 1st May 1874 (aent to the 
Solicitor'to the Bwrd of Trade hy the Solintor to the 
Xor th  ?++h Railway Company by letter, dnted 
Ilth~Febmarg 1880). 

- . . 
' . .~.K~~T~~-.BEIT~~H.~RAILWAY.-T*Y BRIDGE. 
S $ ~ C ~ @ ~ ~ ~ ~ ~ . . : < F ~ ~ W ~ R R S  tb be executed or completed 
-i.ntt~ei.~naBn&o~=of:~the proposed %Qe for earrping 
: - ~ a ; 1 1 ~ ~ ~ ~ ~ 0 : ' 2 ~ a u t b o l i s t d  by tbe North Betish Railway 

($~Bndi$:~d:Railwbp) Act, 1870, over the River or 
:Firth of .Tay.' The hne of the proposed B ~ d g e  &ll be 
the same.& ihown on the Parliamentary Plan of the mid 
Railway No.;2,,mmmen,cbq on the Fife bank of the Tsy 
near Long-:Cr+i Point, and terminating on the Forfar 
side of-tbelTay U@, Dundee, at the Point known as 
Msgdqlene or,Bnckinghsni Point, the length hirig 
3,440 yards-or @epbouth. 

lsilway: ~ - 
~ . i o t $ , . ~ n & e r  .of spans nil1 be 89, or a lesser or 

grw+t+ puj+r:+~ the nrgineer may d&minr. Corn- 
mrncnq at the Rfe.stde, there arc-fir& R apana of 60 feet. 
tlig~'?Ypana:af,RO f*, 22 s p n s  of 111) feet, l4 s p n s  of 
:V f&, l 6  sr-riris 5 1% feet, 25 spma of 66 feet, 1 s p ~ l  
oflfi0:feet on the slkew), and 6 apans of 27 feet each. 
The'$& cintralmO feet S nu to have a cl- bcight of 
pH feet above thelevcl of h i g c w a t ~ ,  ordinary spring tidea. 
?'ha spans on,eitlier side of the arid 200 feet spa= 4 1  
grsdunlty decriase in height above high-ratm level ss they 
approacl~ the lond ; the gradient descending from ths north 
end of t h e  spans to the north a h m o t  the rate of 1 in 
73'.56; and from the south end those spans to the t10 
feet apans at the rate of 1 io 268-th 80 feet s p s  
heiM bvd, and the 6U f& spsna rising thmdrom a 
grsdicnt d.1 m 100. 

The iarsfortiya sof  6 0 , 8 Q , s n d 6 d ~ i s O P &  
spw, fo. be of bziaf%* in y n e a t ;  hone *m. * p  
mainiw 1'B and 200 feat spans to be of brickwork m the 
lower art and W i m n  oolumns in thc upper. Those Par 
tha &feet ynna to.oonsint of three cant-iron m h n +  
set in w m t e  within uastirun oyliodem, hrawd hgethtp 
with malleable iron bracing. The abutment on ,the Fife 
aide to be of stonework. 

The superstructure M be of malltable iron girdtpsfbad 
timberwork. 'Ae whole of the main girders ti- be on:tha 
lattice principle, ereept those for the 160 fed apan, which 
am to be Low-etring, and those fnt the 27 feet spans, which 
are to be. plate. In the 200 feet and 160 feet spna, the 
roadwa a d  be between the main gixders, and theae spana 
hare p I b ~ o s s  girders. i n  ths whole of. the other spans 
the madmy will be on the top of the main girdan, and 
the cross-hearers will be of timber; timber way beams and 
plunking hemg laid the whole length of bridge. 

Contract Drawings, &G. 

The contract to which thk apsiflcation refpn will, with 
. the excaption of providing and laylng the prmaasnt lsils 
and c&, conaist of all the work8 ineidantal to the perfect 
oonstruetion and mmplecion of the bridge bcing.eieoutdd 
to the entire satisftlotin of the engnser, and in acmrdance 
with the drawinpa undermentioned, subjjeot to any modifi- 
cations (whether deductions, addi~ions, or vrriations) thst 
the engiuem ma deem necessary during the canying out 
uf the works. ft will also include the 6nding.and-pio- 
viding all material, permanent and temporary,-ss well.ss. 
all labour, carriage of mataid, wockmansh~p, m d i ,  
vessels, hoate, bargm &c. n e m y  to mmpleta the bri* 
in the most workmanlike manner. 

Lid of Dmloi~ys above rcfewed b. 

Xo. 3. Detaila of Caimons for MO fed qans. 23 feet 
dlamatez. ~ ~~~~. ~~ 

, 3 ,, Caissons for 200 feet spans, oval. 
,, 4 &S. ,, Piers, Non. IF to 26, and 42 to 52; for 

. 120 fspt spans. 
, 6. .. Pierqfmm lion. 63 tq57,for do. . 
,, 7. Elevation of lower part of Prem for~100.ft;lpaas: 

C,  
3, t . 3, up]'" W 

,, 8. , lower part di ~ j m ,  ~ o s  16 to 36 
nnd 42 to 52 iselnnive, for 1s). 
feet spans. 

,, R'. ,, nppezpartof Pim for do. 
,, 8. for remaining P i m  of 1% feet 

apana. 
,. 10. Defoils of fixed snd moveable Bouinga for oraOO 

feet pen.. 
, 11. Detdls of fixed and moveable Bosinga for 120 

feet spans. 
,, 13. Detail of Pier at jnnation of 200and 120 f& 

epans. 
, 4 Details of Caairon Pivs, Noa. 58 to 79 in- 

clunk. 
,, 15. . Ele.ration d W i n  Piers. NW. 58 to 79 in- 

clusin. 
,. 16. Details for Main and C m ~ s  G i m ,  &c. for 

200 and 1% feet @pans. ' 
, l .  ,, of Gtders for End Span8 of !ZOO feet. 
., 19. 9, for M feet Spmar. 
, . ,, bana"nil. 

A general p+n and e le~~~t inn,  in mnfanrrity with the 
foregoing detsuled drawings, W be fnrninhad by the 
en 'neer of the company. 

f k e  con*- to ,t mt and ksap works Dwed io 
meq @imh according to theae drawis(p, or m y  other 
that may be supplied to him by the engineer fmm time to 
time, and to be held mpnsible  for the awnmy of the 
work throughout the whole time mnpied in mnstructiug 
and mmplebing the bridge. M1 polas, 8 t h  sesi4tsnn, 
boats, &c. newserg for &ing out, inspscting, slrd 
mmurirg the h e r b  shdl be provided by the con(nctpr, 

D r s c ~ r p r r o ~  OF WOKK. 

All the piem for the 120 m d  IW) fe+ spans aw to be 
h d s d  st tke daptii shodPn on h. Vo; 2,  or:^ "gL. othmas  directed l@a engineer. Cylrn era or &mm,, 
of the dunip5wn herein& dPasibad, to be sunk in the 
ted  of the nvm to the depth npdfied or rrgubed, fanthe 
b ~ a e  of fonndidg 'theae 'pie?% Md the mats2ial falling 
wrt n the'bottam CteUmfercnCe of 'tllcde cnimom to be 
wrcavatpd m $hey m annk down. 

The whou of the mrke of therock withip ibe- 
E"rmompenna,'bf &-bell .math &'&eh dr& olii$adds 
msp 1K.faaodsd &nio..mQ aiust ,h d s n G I p l t ' , . ~  p " .  . , . . , 



, - , , * : ~ , ~ , j a o : . t M ; ~ l a ~ ~ , s b r ? i  lturd F --.U& albo.. fsi. ~ ~ m g  .a lnsl hod for e brick- - .  
~ m r m i o r e t e .  

WBQa the oliraDll wiil not dand on roak the whole 
in tu ia  sf ths M1 monfh mt be o l d  of all &&,d 
the boWan of oainson~rrmst be level before being coneretad 
or built in. 

.The'pem&i&,&anaor cylindem on Vloh the l k k -  
&kd the pbra of the 200 m d  110 het  sws balow low. 

' .W ibsdi r to  be bullt, shall be sunk d 6 B  the depths 
&own on the g e n d  Dnwinp No. 2, a 6' erch leaspr or 
p 0 e  depth M the engineer s h l l  dlst. .Two caiamns 
will vill requhcd for eaoh pier, and w h o  sunk the tops of 
them &.U be hvel with each othar,and joined with an 
-arch oihrick'prk near the low-watw line. 

The =&sons to be of the form and dimensions shown m 
Do+n Nos. 3, 4, 5, 6. Them drawingn represent 
erissons- of ths a depth required for the pias of the 
. W v e .  ip~-% d r ~ w + n ~  of tbe &aeon f a  the 

. ; p im-d ; the? .~~fse tmp .n  shorn it to be sunk 17 feet - .beIdw-Ohe:bed&rthe;riym, and thst for the caisme of the 
; IESfeet tp ja  atl6:fd. The tart depth of the piera r ..for We ,200 .&ek't+ns bdow t e bed of the river, an iu- 
..&etrd,b %he Soiingb, being 30 feet, and the least 10 feet; 

.iand.fb. deM&eet&ns the -test depth in 31 fmt,and 
.t@JeaatB,f.+.: . f~ ' 

TL+:heU-Zmoi~. W o n  at t h e w  of saeh 
- : , t o - : b : e g d : . ' d i . : A ~ e  imn plates, sbped and r o ~  

to tb.5pre rif tha drawing. Bolts to be in. dkmetar, 
and 8 in. E s a b .  .Angle imn must ba fitted and rivBted 
round the inside of tbe  top edge of the bea plate, and 
bve.hdffl bored-therein in. diametaz and R in. w t m ,  
for the n l u ~ o s e d  -boltha. the lower h g e  of the conical 
po+ion bf iiwaisson the;sto whm east-&n coniD.1 platas 
. ue uqed. -The iiy of all the mltiesble and eaat imn in 
the . a i m u s  q nu+d in the wpective drawings. 
- T h e : ~ ~ f o r . + b e  piem of the 200 feat spans are to he 

g . enti$k ~. af +bWiron, aocording to Drawing No. 3. 
The;wh&of,the jointstsin both the malleable and a& : . ~ o  Snfp+rtion3 m- of -the .esisaona, m well M the joining of the 

y-fltted and bolted together, so that the 
:&$?e~*l$iidl . . .. .. aate.rtight. The joints to h plane$ 
- F  e[tr+d.&d:Ae &d with rope wheeze or imn-rust, 
':=.the coatractoi.inay&ct. 

m e  b n ~ ~ . W . p m v i d e  £or temporary we in sinking 
l h e  faiimm, and : i n  building the pisra up to the level of 

-.hiahiwater w k .  additional qlindcra, whmh shall &end 
fmm the top of the perm~acnt osj,na to the levelof high- 
aater msrk at least; which temporary qlindem may be of 
meUeable or.+ i m n , , ~  the coutnctormay prefer. T h m  
cylindem.ta.he ao &ed to the eaiaaona, and to be of such 

.-mak~.abcnfh .and ~ l u n a o s h i p  as shall ensure tbe F 
'mipeut wm ;for the uecution of which they are to be 
-pr&+ed,:b.&ip~ ' e e d  out in the moat pafkt mmnu. 

-for 66 Fect Spa=. 
: ,~.-. E.eh-pidr$6r+h;s 66 feet spans to he formed of thrs;l 

.&Iumha bnaed *er,--two bcjng k&ng 
I =for t&s+n B;rdw, and one a atrut column set 
.into asklion oJlindara d i u g  to Dmwhg Nos. l4  m d  
: 16. excepting msn, @,§S. 69. 73.77, and 80, which m 
to he doubler - 

The flungea of 8 c h  l q t h  of c d h g  for the piles and 
mlumne to be tmned. on the be, and to have eight balt 
holes If in. dinmetar. urcmtdy drilled tbemin tb or 

~ b + L l a D o s  BD= fonrrmg erb 6, when i n , p  
be quare to tbs tur of ths 

l~ne  with 4 a C  4 
to antre l i e ,  and odt the 

The columns and bracing to have four wnts of the & 
oil paint of such 'colour M the engineer may determine. 
The mat of inting to be included in the price per tun for- 
tbe i m n w a c  

All pmper guuda, guides, riugq bolts, arterfight 
f i g s .  &C., raquisitd for the slfe and stped@oun ainkmg 
of the caissons and pilea, to be provided. Pmpa &+ug 
and appliancss shall abo be pmvided-and &d f o r  
sinking the whole of the esiasona and piles in their position. 
and the greatest care and skiU aull be exemised by the 
contrsdor to ensure that the linking is m u t e d  truly 
v a t i d ,  or in the w e  of the raking piles, at the pmprr 
angle, and in the ersot line and posltion shown m the 
drawings. 
AU staging, ourffoldin , or othu obstmction to the 

navigstiou of the river stall he wected and removed in 
woordmce with the me- resuknenta of the river - * 
authorities. 

The contnctdr shall ak? provide all lights, and light 
and watch .U the work8 dunng the conatmetion .and until 
the perfect completion of the bridge, and er& lights in 
such positions m may be reqnircd by the Board of Tride 
or the Comrnisiwnm of Northern Liphta for the euidslloe 
and proteotion of the navigstion of th: river. 

. . Cast Iron. .? . 
, .' 

The iron of w h i i  the eastingn for the cylinde*, ,p~lcst., 
and columns am to he made shall be mlwl in s nrpbla L 
h a w ,  and ohall be of such mixture of pig that a -bar: 
& therefrom, with a trsnsverse &n 2 inches by 
1 inch, and p k d  edgeways on baring8 3 faet apart,ipill 
not M with a bas weight on the ant ra  than 3,0001bs. ; 
and hrs of the above dimensions ahall, from h e  to ++er 
on the demand of the enpiomr, he cast and testal. at the 
sole expense of the mntmotor, in the maontl hebre men- 
tioned. The whole of the astings sbnU ha of the m 
mixture of metal, to be dean snd lwooth in the skin, and 
free from sll del& md perfwtly true to the dimension 
and of the drawings. 

Brickmark. 
The whole of the brickwork, i.e., from the foundations 

totbe nndanida of the im oats or bpae of piu column, 
he of t h e v q ,  best &miplti&, both in red ect d 

&a) nnd wmkmnnnhip, and set in the beet P&md 
cement. 
Ths bricLs uwd throughout in building the &a to be .:. 

l w d  burnt, well hp. and of a good avenge &e, each 
brick to wntain about. l40 anhio inchea. Where the pi& : 
become fmm 10 to 6 feet in b e t e r ,  the h e w  hnd 
abdehing hricka must be mads to radiats In tbe joinb. 
.ad h moulded to form a &ion of the circle on the fnce 
to anit the okmmfaencs ofthe piers. 

All briokn immediatsl before hing used muet ba 
thomugbly setursted wic 6 water, and a11 dust or dirt 
m o v e d  fmm their surface. 

All bats bmught upon the work to beat  onm mjeoted. 
The brickwork to be built outside the tempomy o y h d s n  

up to h' h water mark shdl be pdmtl~.plumh.i .*- 
The %le of the brickwork required fdii+$ib"i&&12: 

he laid or aet in cement when the cement p ~ n i a  a , etate, ; . 
and the beds and joints to be thomu hlftl~~d:?ind,~+eh - 
course to ha gmuted 6th cement. ' h e  &iikneasof --6& - - 

in the beds ahaU not r x m d  f of an inch. 
In the construction of the piQB it shall be in the option 

of the engineer to suh+t& concrete for 'bdckwork.to 
such extent ss  he ma direct; m d  such conoreta, if so 
nsd ,  shall be mmpbseBof one of ~ o r t k n d  ?mat  of 
the be& quality, one part nf sanzd thres parts of grave1 
or bmken stone. 

Cnmt. 
. 

The whole of the cement for tbiswork, and huein-before 
refwred to, a i d  be Portland cement of the be& q&yi:. 
well bnrnt, and ground *ely fine, and weighing not 
1 m  than 112 pounde to the imperial (&) bushel. It - ' 

iatobebmughtoutothewmks i n a  statestfnr we,usa,aad 
not uoed t h e i n  until i t  has been tested *g m u q h  

h 2  ~. out of et lead sr tenth two hua ) rack. Thya 
-plea to be  d i n . m n u l A  and pl&ug tlia cement at 
onae in W&, m wbch it in to e n  for even $cq~dap,, 
and t&kg it nt the end uf the6 tune h the sppk&on of 
a weight or l e ~ e ~ .  All cement tiw! ah& mt 6es. s ten& 
atrain oi 250 h. h.*e nq~quant urch of &Wonah.ll hs 
paemptorily njmtod, hnd f d w i t h  &tied h &a 





The  re of tbe entire vofb of tbe badge drdl d n  he may deem neceeeq, deducting the cost of such labour 
with t b  con*tol until their mmplation, and he abdl be and matatml fmm the money that ma he due, or hecams 

.held r q  onsible for all -dents tbareto, and shell make due to the contraotor. But it is here& erpreasly decleted 
. good. alf damage and defeat. to the mid work, whether that the posseasion of this power by the engineer shall not, 

bad or idsu5oisnt materials, had wor+nnm in any degtee, relieve the contractor of hia abli+?ations to 
-&&p, or? other ehih cause whataver. No cer t lh te  pmceed in the execution of and to complete the works 

: . , . k . p p ~ a ~ h y ~ n r  ofther of the Compen, (eropt the en- with the required elpedition. 
:', ~gigi;er).of;au~yorks su posed to have been roperly done In m e  the contractor shall not continue to *pte.e&~! 
:~~bhal~jaf$& the righit of tge ~ ~ r n p a n ~  againstt%e contnrctor, advance the progress of the works, or t+ny,pe  tbG$$to: 
.--~~.m~be.<d~der(I or held a. et  all conclusive as to the the aati@&on of the e m e e r  ot..hip;deputy;ar.if~b.cf6& .: 
-' 'au56iebcp:of'&iy works or ryzerials. cornplebon of b ~ a  cantzaet, the cimt+tar. ;iW : b'Ecmi; 

.Thezcontzmbr shall hom tame to time male any dtera- bsnkrupt or insolvent, or mmpmd- or pmpmeYt&&xn-, 
. 'tion infheworks which the engineer may think necesaarg, pound with his mditors, or c-' on bui?ess under 

khether by additions or deductions or devistiolls, or the inspectom appointed on bebslf of meditom, then, and in 
oxniaeim of any works herein contraetad for, or my part of any of these mes, the Company may, if they think fit, 
them, far new or e x h  works, and such altwetions determine this contract, so far an rrspcctn the future por- 
or ad&taons shall not rnrcate this wn+awt; the value of forrnsnce t h e ,  by or under $ i o n  of said m n h t o r ,  
id E h t i o n e  or edditiona shall be asaertained by ad- and forthwrth @ve notice to the w d  contractor, of such 
meas-ent, and &all be added m deductid, M the cnsc determination, and immediately on such notice all endtie, 
may be, at the prioes set forth in the schedule of prices at and sums for non-fulfilment of contract be .&rfeited 
which tbo dontracto~ nndntslres the coastruetion of the to the said Com any, and all matarials, horses,rengin+, 

'-ks. The contractor shall not in any cane be considered machinery, v&, boats, buildings, tools,.impl&mtiaoR 
.se .bviw:ey Jaim upon the Com y for extra or ad&- lsnt provided by the contmctor shall also id su@;cape - . tionrAp@ents for or on amount o P an mch work& u n h  l e w n e  the ptopert~ of and may be hl., e d  .- by 
.!wcapiprodnee the autho"ty of the %mpang's prinbipal the Company. An as soon an convenient after the deter- 
engineer for such alterations m additions. The wntmctor minst~on of the said e o n W  a aforesoid, the engineer 

. ,. . . dydl dot shblet the whole or any part of the work herein shall asemteiu and & finally and conclusively ss to PU 
~.mntraEtepforwithout the previous aanction of the engineer partiea the amount earned by and justly due to the con- 

wtiti%.I treator in lespeet of work done and materials provided, 
- . The engineer will provide fmm time to time the detail and the value of all materials, horses, engines, mg.chjne2.y, .- 

u l d  other drawings of the various wotka. vessele, boeb, buildings, tools, implemedt~, ,and-.$lrint,t, 
Tbowliole of the worka are to !JP paid fw m r d i n g  to seized and tskm and in m o p  of tbe~xaid emkj, 

. the ytql quanti executed, et the price o 'te each and the amount and value. of otherclaims; if @',aflthe 
d-ption of wA in the aaid sehednle. r m e e e u r e -  mid conbctnr .inat the Compan~, bf all w h i ~ . o ~ s  : 

mentsto be taken in all W, without any donsncu, for the contractor e v e  notice mthin sir days of 'the 
+qlar or f a ~ e  work, notwithatmding any g e n d  or local determination c4 the sad m-, and such eq+nea swl 

to the w n t r q .  credit the contractor in bin .mounts with the Company 
The contractor shall, at alltimea,be p& on the -Ire; with euch ~monnts. And said enginees shall ascertain the - 

er in higabsence:he shall provide a cordpetant repmwnia- sum paid or advanced to the contractor by the Gmpany, 
'tiVefnll authoriaedtoset iuhis hehalfin allmatkm mla!&~ and the amount and value of all 1088, wets, damages, and .. .~ -X 
. Otbis mntraet. 

. . . . .. . . . . , , . , . , . ., 



Ellid Harriaon, Civil En@er, Lo~ldon; whom hiling, (ha X& British 7 c-f allftm, 
Sir John Hawlwbaw, C?ml.,Enginesr, !andon; and '$e psd Compny, Limited, or tha rnmplstim of the wxks  
daci.siqn;'intetimterim.or find, of the sud Th- E&& of the &ay hridp a m  the T.y a t  Dtmdee, dsM the 
H a + o n  .whim failink, the mid Sir John Hawbbaw, 26th and 27th days of June and 6th da of July 1874. 6ti&;&~>g- 
. ~ aIly.bi@&$ . ~ ~~ and conclwive on both parties. (Signed) Txovns Booca. h. . . HOPKINB. GILKEB,& CO., LIYXTED. 

Edinburgh, May 1st. 1874. EDOAR G I L K E ~  
What is contained on this .ad the 11 p d n g  p- GEO. HARPIBON. 

are the .sflcntions mferred b i n  the contract between WILLIAM MUIR. 

No. S. 
REPoiw of GENEBAL HVTCHINBON upon hi8 INIIPBOTION of the TAY BRIDGE. 

SIR,. Newc&Ia-on-Tpe, M m h  5th. 1878. The pmxmtnt nal. conniuta of doublbheeded nils, fished 
,!:&"E the-honour to report. €or the information of at the joints, in 24-feet laugths, we@hing 75 lbs. to the 

the Borid'!.jf-I'rhae, that in complimca with the inabu* yud, mured hy oak keys in d u u n  chair6 weighing 
ttons &j&i&d ip your Minute of the 15th ultimo, I have 80 ]ha. each, b e d  at 3 fsst avnage intervnls to longi- 
inape~t&d:thi T i  Brid e, formiug a portion of the Tay tudinal timbm l i  inohes wide, and vbrj?ng ,i&depW 
~ i i d g < ~ l w a y  oltbe ?forth British e m .  b e e n  7 and 14 inches. There nre ,fo~.apike+:ininid0lI 

The.Tay.Bndge Railway, in conjunction with -the.Pirth chair. Thmughout the length o f the  brid~e each 
BridgeRaiiway, fm which an Act of FsrlLmmt has been provided with a guard d. 
6btoined.~.will shorton the existing mute hetwean Edin- Between the loqitudin.ls, the Boar of the htidm con- 
burgh and h n d e e  (vii4 Stirling) by 2!3 milea; and by lists of 3-inch phnkmg o a d  with s waterproof com- 
m--of~these two railways and a new railway about to ba position. 
+ + w k d : b ~ n  Arbmath and Montroae the 'ourney A auhatantii bandnil is carried along each side of the 
betw- Edinb;ur& and Abudcen will be reduaed by 23 hridgs. 
miles. ~. . For the purpose of sdequatel tssting the s b a e t n w  tqe. 

In wP&eq&'of the. nitude of this b r i h  of North British Compny p t d a t  my dispwsl eix "6: 
which T.iBou+h;.%q, M.I%.. is the engines., it mu goods enginw, migbing 73 tons oath, and cach mfkipipi: 
rnnsid@l,%deh+hle to have it inapscted before the lines 48& feet over all. The total weiuht hpl0jed b y $ & %  
iioith-Cd-8outh:of it were ready for t d c .  The mapeo- 4% tone, and the total length of e+w ' 91 fe@, or qs 
tion-. of  tlie b;ridge pcordingly took place on the 25th. n w l  an ppossihle l +  tons to the runmng foot. Undw.thw 
26th;. 27th ultimo, the weather, for tun at cl^, heing test tge deflectionr were M follows :-- 
G o p b l e ;  Inch Inch.: 

T&;Taf.;Biidgl. carriw a single line of rails, is 3,450 Of the 227 and 245 fast girders vnried hntwean 1'8 and 1'2 
y$d~~@~le$+th,.and consists of 85 ~ p n s  of the fobwing , 166 (bow seping) 1'2 .. 0 '9  
dmp!aonw:-- . 163 ,, v ,, 0'6 ,, 0.6 

' l l~apibs  of 245 feet each, lrttiea &dos. , 146 ,, ,, ,, 1.0 ,, O'fi 
2 ,, ,227 ,, ,, 129'25 ,, S, ,, 0'6;,, 0'6 1 :  , 166 ., girders. 

S, 129 # v  #S 2. 0.9--,,.0:6. 
1 ,, 162'8 ,, i.iticn&dem. . 87 .. 0'6 , , .0:6 '  

13 ,, 145 ,, ,S , 67.5 an: 67 and G.7 , 0'3 -,. 0'3 
10 , 129'25 ,, ,, ., 28'9 m ,, 0.2 ,, 0'2 
11 ., 129 ,. U , l00 (bowkng) ,, , 0'6 , 0.0 
2 . 87 ,, p) 29 0.2 ,, 0.2 

. . 24. .. 67'5 ,, .. $me multa m, in & opinion, to d;, looked upon S. 

- -  
In addition to which thera are adjobiq  the north end 

&the hiid 
.$span of 100 f a t  
3 .. W .. 0l.k T era. @dem' .. 

In the-l5 spans sxceedi& i45 fGt and witb the I00 fsa 

end. 
Piera 1 to14a?eentbelyof~iuosmant.  
k . l S  to 48 me brick for 6 feet &ve h-* 

mark Bniahed &h a s h e  belt in^. u w n  "% W ch M 

. ~ 

~-y. 
The ldenl  oocihtion, M obsaned hy the theodolite with 

the engina running ovu at speed, (M VJ slight, ind'thb 
rbuchve d t w h e r  s h d  gMt SMfnWa. 

The dimens~ons of the m o w  rmb of the gird- .hive. 
bun cadutlywurkd out,.nd-thi imn hsa m k & e  b & i  
submitted to a grenter atnin than 5 t&..kj.tli<ijld~~.,:...' 

Upon a ca&d &&ion. of :the'&i&&&~-~d; 
nuocnry, they appetu to he of a s u b s t a n @ l , c h h ~ , . ~ a ~ ~  
to be showing no signs of settlement. The:iron+rRiias' 
been well put togtther, both in the columns'and'.g@sis;. . 

The following M the only requirements that come u ~ d a  
mv n.4- .- 

3. Some s h  plsess in the n i l a  mquise adiu.$~~ - To mducc re much ns posdble -the expe~s1011.. t h e  
ai+a in hot -the?, I shod6 stm~gly recomrn&d;tab&. 
hung painbd wbte. , - 

It wiU not ht denirnbla that tnins:sBould~yn o m ~ t h s  
bridge at a high Rts 4 spstd, i n d  I w o ~ l d ~ - s n ~ ~ ~ &  25 
miles u, hour an a limit vbich ahould not be ex&. ' ' '  

A 45cate  wi l l  have, of caruse, ta h *vsn that (Be 
uingle line a b d  Lie worked with thc tnin at& and block 



No. 18. ' 

& ,of ' & ~ . I ) ~ m d l l o ~ ~ ,  J.mcomotive Foreman b the North British Railway Company,' pon 
condition of Rsin aRer accident. '1 b 

on M in Amidant to TAY B R I ~ O S  on the 
48th Daoanbar 1859. 

Lwomotive EngioWs Olscn, 
Hr n u n  %R, Glavgow, April 15th, 1880. 

-I sire to i n h n  you I bare eumined the whole of 
:k++#itig porhw of the h e n  nterred to, and 5 d  
-t+jn%*f&owing wndition :- 
, @X:Engine.-TWtls vdve full open, and raversing 

. h e r  standing in the airth n fmm full forward g m ,  
,&in tbe third notch from 5. The levar on motion 

: -spft?oatrgiop: the vdve.molion) wnnected to the re%.=- 
- sF&qon  the west or left, aide of. engine is broken dose 
'.to th* ahaft. Left or weat 61de .png beams of bogie an . - 
- bGGn .in ?p*. 10 feet of the foot plating is slightly 
di$&,'and the end of the foot late at smoke box end 
bfied ap 2 feet of its length. beam and engle imn 
bioken close to the main framing, and the b n i h  carried 
off. Gndindor undanasth foot plate bmken, and foot- 
&i. *foot  p lue  bent. Westin house break on left or L 'w&~ side wmpleto. Cleding tes and handrail de- 

w e d - h y  slinging mnnBfhe boiler for lifting the 
-0.. . E&, a&.-5 feet of foot pkting slightly dam@, 
Wsgtipghouae pump bracket broken at bottam, and air 
hnJi:oylindu wver for engine bmken, fwtatep and 

. h G i i < h i t .  . . p q d o n  foot plate hmken at end at an 
ingl ibf  2'~fset &m topwrnar. The eaat side of engine 
.'ismuch:-l& & w e d  than the west aide. The iqsctor 
~ti.un~co& on.esat side and engine cab were pulled off by 
one'bf~the anchor hawaers, which had got £eatend round 

. the,csb when tbe brig " Henry" was drifting down the 
R= with the engine slung. When tbe engine wan lifted 
.at -6mt''the whole of the steam-pipe mnneriona on the 
 boiler,.^ well as the cab, were uninjured. 

224 Tender.-B& screws full off; eaat side of tend- 
pniitjured except two footsteps broken off. The left or 

. &%utl~of .tender trdieg axle box s&htly bmken, and 
thic tinder hit pbtqaut the foot late, cracked about 
12 - i d e a  .in lsngth. The ~ e a t i ~ g o u a e  wnnexion to 
-'Wfti~-&cd otdm.' beak  .wnne&ng r o b  on left side 

wheels with beat axle still 
riage is dm& wmplsra. 
which L off. and windows 
engine mmplete, exmpt wupli& S&, d.&& 
bent. Westinghouse break work ha. received 
Coupling link n u t  Iimt-claas carriage broken. 

bmK& - .. D. ~ R U M M ~ N ~ .  
579Fonr-whesled Third-ckss Cm&&-Underframing A d m  Johnstone, Eaq., Sohator, 

m ~ l e t e ; e x a p t  one pair of wheela mincing. One p& of 2, G m t  College. SW, ' 

No. U. 

,. \.- 
C o n n & o n n r ~ c s  hetweep Mr. J w w  W h m m  and SIR 

T n o u ~ s  Bwcn. 

. , . ~  ~ ~ - .  . .  
~ :. I lGwlh, &c. 

(Signed) H. A. Nonia. 
'. ~ ' J:.$&&, Eq. Inspector of Tay Bridge. 

D u a  SEE, bfay 10th. 1878. 
I h r a a x  for ur information copy of a letter I 

ban -ved sdm c. Noble, dated 9th instant, .along 
&h his uavbill. . . 

Youra, &c. 
Thoma6 Boueh, E%., (Signed) J.  WALK^^. 

Ill, Gwrgs Sfmab. 

%.&n of 'Unsdea Station, %honing p i &  of 
drdin8,'pipea. &C.; and other undergmurid work. " 

Yours, &c. 
(Signed) J. WAI.+R 

Thomaa Boyh, W.. C.E., 
111, G e o w  Street. 

will t h a e f o ~  wntinne ta nit 
Bonch 80 far as relate8 to thia 
trouble yourself to wmmunicate 

1 have dso uranged tbst the 
to bc' completed uodar Mr. Bouch'a. 
acnd me a p h  in the mumeof a 
Station, showing the osition of - 
othv und-und worL, iphich W 
ramiot. 

Yours, BC. 
J ~ Y .  Bell, Eq., (Signed) J .  W A L ~ P  

Engmm. 



.we North &h Railway Campaolj R v a a ~ . ~  Sro~ae,  TAY Bri~rn%p b. , 
Gwlaal Manager's Offes. 

MY  EAR S I ~ ,  Edinburgh, June Bud, 1878. N e w e r -  
. I  ENCLOSE. f o r z u i  info-tioh wpy &er I ham DUE dune 2&&&379.,, 

1 torday sent to M?:B , in terms of meagement m d e  at I mwe~ss ' m u i t  of 'rubble stones (at n d d  
our mtaview,. mid you +ill, of course, g i ~ e  the matter b-ght,!o W by Speed, of the 8.a. 

J.-yuur a%ntiop; _ ,I . . g l ~ h o  ~ e t l e .  , I ~  ths of b r i l  I eallod pm ' h;Vill pu h g o o ~ , G o u &  to consider, and let me know athution to the ( w a e d b ~  a . ~ k e n  girder* much 
( ore t e 4iVJnl pmrimo,%e colour y w  would -- 80 that 1, in diver's g m ,  could rpJk uoderneath it in two 

mend the bridge &uld be painted P pkces. You cdled Mr. Watkor% atkntlon to if and p 
Yours, &c. cornmended filling it &h rubble. 1 have smorduqly 

Thoa. Bouch, Es ( s h e d )  J. placed m cargo of stones in m h  of the holss, and p l d  
! a cmgo of etones at esch'df the Dko iera in the dint- 

tion of mow, viz., N.E. of NO. X I ~ '  B., m d  S.E. of 
No. XII. B. I hrqe aim found it n e c w q  to p h  0th- 
four carpen at the following piers -No. VI. B., NO. 46. 
No. XI.  and divided a cargo h- Nos. 1 and IV. B., 

a total of ei ht cargoea of atones used at the p i w  
since $ month of %&Amr kat year. 

RE-PAINTWO THE BEIDQE. 
Mr. Bamlet atuts the work this morning. He inteids 

to stut at both ends, and hrs engaged two g.ngs of men 
to commanar immediately. 

i An Mr. Barnlet's contract tsks in the i m m k  (m- 
(Signed) J. WALKER, cluding hand& only) I  think the Company could get the 

. ' f i a t i w . ~ h ,  Esq::C,E, work painted without other expense than finding the paint 

.'.- .... 1.1 1;G-ge SW. from stores at Cowlairs. The men I  have with me =odd . c. - . . ~. .~ . 
c . .  paint the whole of the wood portion during the internal,, 

. . . . when not r e q d  with me sounding, in the Bame manner- 
that they now employ their time in looking to the bolts;~ 

1878. &C., &c. 
I nmsin, &c. 

Signed) A. A. NOBLE, 
T ~ o m r s  Bond, Eq., &.E. h p c t a r .  

- 

Jobn Walk*, Eaq., 
. G'qerdl M e e r ,  N&h Britiah Rdway. 

..- ~. but rs this has not bewn done I m no objaotion to Inspcc-. 
.3:. .. ' - .. tor Noble's snggention !wing adopt&, viz., that he should 
-Bsin.Sin, .,.. . -.- June IMh. 1879. Cnmy out the work himself under your aupsri&n. 

:.,p. as . d ~ . ~ < q t & @ m d n ~ ,  agned tbst the Mr. Robsr(eon, our Storrs Supmintandent st Coarlsirs, 
~s~@$q.of'the,'jby Biid- m dl respects .B will to &V oordm YOU mag. pnas upm, him for 
rep&:@e~ 6-&+ehtt:t?va'P%id 'thaaon, which 1s under 
tlid:~F&g":of-Mr.:~)8phapld wntinue m your hands for Y b ,  &c. ,&&hh. &. 
. 

. . ,!pm 5thi~stsFt: Sir ThomasBwch. C.E., (Signed) J. WALKER. .-$ cpnmderatmnof th~s~theysre toallow on l00 guineas, 111, George StrSat. 
.$nd d U .bill send along a neeipt for tKia aum, on my 
fftnrn'g& London, I a give inatruccions for it being 
&id:td yob. The North Br ibh Bailway Company, 
. i '  . Yonrs, &c. Genml Manager's me. 

Per J. W A L ~ E ~ ,  DEAP SUL THOMA~. Edinburgh, July 10th. 1879. 
Jno. CATHLER. I  a r e  to annex a list of Inspector Nobk's s*d: md 

the wsgea paid to each man. 
I  pnsume the dapoajt of rubble at the pim ia nm 

nearly oompleted, and perhrpa you willlet me kuow &ha 
C h a m h ,  . . 111, Gamgn S W ,  the present s td  is likely to be pamaneat, or if it c m  be 

&*R' ~ i k .  4:; :; 
:,E&h~rgh. June loth, 1879. rwdnced. 

IHA+.~OUZ l&@.of.ttiia date, in did-.Gsba--tb=. L; c - .  .. that the 
I .  e;supwmon of the=ridgs to Sir Thomw B d ,  C.E.. 

~i-1;$-'~:handarf0r.zanothei year fmm 5th instant, I l l ,  Gemge Stred, Edin &"p"' WALK, ' 

i+~I.-&pe.t+. ' .  . - -p;+? s;lrudy nesiiie&cheqne for l00 guinsse. L i a t o f S W ~ b o .  
~~ , With.m&y t h k s .  
.I - . .  Yours, &c. W. N i b ,  #remen ,' - - 4&.p&y. 
l - (Signed) TEOYAS Booctr, D.Bdl,boptrma. . -  .- .% W...-,,, 
, 

. , W n  Walker. Eap;, , , , Pm R. D. RODUICK. C. MeKinney, Lmptillhter, &C 2b. p.np$ 

.i Man.gert Nort B n h h  Badway Company. 
. . . . .  . . ! , . .. ._ 



- r:y:;z ~ 7: . - - .  ~~ 

&:ieenhme tvo of tb m& a& fully arnployd every day 
in Y G - m d  mewing nuts and wahen  of the bolt. 
who smure the way beams on which the permanent rails 
are 3d$, che lamplighter giving them .waiskroa with the 
dfola&, &c. 

The whole number of men employed on the b i k e  by 
hnth Mr. Bell m d  mmlf  is f i x  This n m n h  for two -~.. -- --- -,..- ~. 
miles of railway in only about the average p mile ou 
an loy for the maintenance of your main Linea, hut of Hr. 
~e&skpomen, oneonly isemphpd in tightening up thcfiah 
place.% bolt8,apd k y n  during ths day. The man e m p l o ~  
during the nzgkr U, I apprehend, more a plwman, to sec 
then is m nhettumion an the bridm. -. - .. -. - - -. . -. .. . .. 

Of the three men under M d b b l e ,  one is employed 
principally in attending to the lights and lamps, 28 in 
numhm. The cansumntion of errs would he v m  laree if .-. 

~ ~ ~ - 
not regularly attended to, and, to reduce it to a &urn, 
Mr. hoble takw advantage of all the day ht he can get, "s and has the gas put out, at thia eeaaon o f t  c year, as early 
es 3o'clock am., and =-fit at 930 pm. The lamp 
lightir hd. this to do on Snnrlays aa well M week days, 

-and I do not'& how we can dispense with hia ssrviccs. AB 
befo&nantioned, be ia employed during the dsy sesisting 
the &er men with scaffolding, &e. 

In rggard to your inqvirp whether the plaaant staff is 
likely to ba pumnnent, I would not recommend any 
&%bdng made m long 8s the bridge remains under 
m v o  6% 

Yew, &a 
(Sioed) TEOMA~ Bouce. 

John Walkw, Esq. 

DEAR SIP THOMAS. July W h ,  - . 
I AM obliged by ur let* of ysatw&f.i.~.5t&1~1tb 

mped to the ekff e m s e e d  hy I 

( S i i e d )  J. WALXEU. 
Sir T h o r n  Bouch, C.E., 

1111, George Street, Edinburgh. - 
Chambers. 111, George Street, 

DEAR Snr, Edinburgh, November 20tl1, ll(;!l. : 
I HAVE had Noble the Isat two months talm:: 

soundings m u d  every pier, and &Id that of $J t l w s  
which wan mstriled, the result is vsry eatisfadory ; there 
is no ohange w h a m  excepting in two, where the saud i i  
w t d y  aocumnlating ; but a t  m e  of.the amallers)mns 
at eseh end of tbe bridge, when no &one wan depas~trd. 
there in indimtion of a slight scour, w d  I have.giren 
Zoble orders to stop it, by depoaitingmore stone 

The mst of this will be about 2751. 
yours, &c. 

John Walker, Esq., (Signed) THOMAE Boucu. 
Manager, North British Railway. 

REPORTS by MR NOBLE tO SIB THOS. BOUCH &9 to his Inspection of the Tay Bridge. 
INUPECTOE NOBLE, from 

to l l th April 187% 
Slat July 

Chsmbem* 111, Gmqn s m ,  
D.~A?~,s~.P. : Edinhwgh, Auguet 16th. 1878. 

" " ~+IA+.E .p- of yesterday, snd m reqnested enolw 
: ~ ~ , - ~ f $ ~ b h i e ~  report on the foundation and piem to 
'Slst<Jnlr. , . . . . , . . . -. I am. &c. 
, ,  . p i e d )  . T E O M A ~  Boncn, 
" "~&h.w&u, Eeq.. Pm H. B. RODDICK. 

'Msnsger, No& S t i a h  Railway. 

EXAMINATION, and plsoing RUBBLE 
T I O N  O~PIPPS. 

DEM SI& July Slnt, 1878. 
Duarwa the peaant month I have placed rubble 

w@d-most of those pisrs you p'nted out to me on the 
.~di&@. at the intarview you granted me at the Tay ..-&G 
. ~.. c ... on the 2nd of present month. I have also 
: e.up:@t +~k, to the haight of ordinary low-water 
;mar& all theplers fmm No. 81 to No. 73 (north side of 
riser). I hass entinly surrounded them p im with .an 
anbankmmt of rubble that wi l l  ddeiy the scour 07 ham# 

eiFset onthe p im for yurs. My -8 for u, doing 
.mtlsafold; in the B n t  place, thc eyliders or banes of 
these p h  am not sunk ao deep in the original bed of river 
aa those furtbo a t ;  and nemndly. I 5od that the eogina 
dkvm always puD up at thia pm of the curve, and the 
breaks ,are applied tq the c l m a p  to ennble the man on 
the c to wakh hid orders Fmm the hand of the signal- 
m a n % ~ ~ ~  he can pmeeed onward, thus musing a drag 
which waa felt below. Thia hoe wm@w has enabled the 
steam w&h brioga tbs rubble to deposit it at rbe exact 

done at h'ih warm. Yinee thembhle MY bean banked up 
around t h  p' %be haameat train m&- no perceptible 
mobm below, 83% it wan not im tbe now, sou would not 

Formerly the nand-bsnks mm level :with :low-W* 
mark, now we have betneeu 6 and 7 fat of water fmm low 
=tar to hank at those piera 1 have named, %., from 73 
to 61. From 61 to 53 the ssad-bsnka.an gen+lyin sight 
at low-water mark. If this wss done dur+g .theautumn 
it would ba a capital job. and a great 'eavingtothb,Nortb 
British Company in the futnre. It' would teke nearly 
3,000 tons to c out this suggention a t  8 cost of 7501. 

I would now% yom attention,.Si, to e dakmmt I 
made in your p m n c e  at E d i n b q h  in the month of 
January of present year. Mr. Stirling, tbe e k s n ,  
aaked how much stone itwould take to seevre the piers, I 
reptied about 6,MX) tons. at a coat of 68. perton, including 
working evensee, &c. Nwly  tbat quantity lpae used, 
and e m m m l d y  kid down at the time of seeing you at 
the station on the 2nd. Since then I find tbat I have 
exceeded the quantity by 670 tom. I merely mention 
thia to set myself right with you: sed the gentlemen 
p.resent at that meeting. I am happy to eay~that tha 
plers are not only emured at t h e  rice named, butupon a 
strict w u h y  made e v y  day &in not the-slisbtrst. 
ai n of a Bettlemeot at any of the pius. My 8- or' men 
wfo wotk the ateamhoat are always busy overlooking 
braoinge, &C., while I am attendm~ to theSewport Bnnch. 
At %h and low water I never nwlect in fine Neather to 
keep t e aonndin lines eoiw between .the tides. I go 
over the ~ e a p r n t f w - y  m the in- h e m  the tides, 
m you see I have e p d y  huay time of rt. 

I remein, &c. 
(Signed) E. A. NOBLE. 

Thorms Bouch, Esq., C.E. Inswetor. 

Rubble uwd and deposi6ed ddng  the month of July 
18P :- 

Tons. 

" Elcho W e "  (s.~.), south side, 
PO. In.?, - 

" Elcho Css(lel' (an.), around, 
No. S1 .- . - - 

"&do m e  " " (s.s.). 
N0.80 - : . , .- . . -, 

' l  Elcha ~sstle'' {#.a.); m u d ;  
No. 79 - . - - 

" Elcho Caat40.~ (8.6.). amund. . .. 
No. 79 - . .. . 

" nob Wo. RI..n;, W': (+j, . &tb side, 

" ' ~ ~ . b r ~ ~ - ( + s . ) , , m &  . aide; 



- .  
TAY BBlDePl DXUS!WB: 

TOM. Am-t of ruhbklad wham -.for-(beodiry 
Septe.mbr 30th incluaiva :- 

July 13, " acbo  C&.Iel' (%B.)). mmnd, 
N0.78andn  - - - 70 

, Tw.. - 
., 15,. '' .Elcho . a l e  I' (s.s.), south side of, 
. ~ . .N+,I:B> , - - - - ?U 

fhpt. 3, " El& lhtle" (#.a.), E, &.E., . , . nod NB. of 1.8. 
- . ;?. 16;- !! Elciro~ w e  (#.B.), around, 

- 70 

No? 74. -. - 70 and S.B; i.e. - . 70 ,, 9, " Elcho CMtk" (s.s.), south side 

., 18, "Elchd Caatle" (1.8.)~ around, 
No. 73 - - - 70 ,, S, " Elcho k t l e  " (ss.), rick side 

,, 19, " Eloho Csstle" (as.), north side, 
and N.E. of No. 46 . - 70 

No. X1.n. - - 70 
,, 22, '' Fhho k t l e  " (#.S.), north side, 

N,, v ~ r r . ~  - - 7n . . . . . - - - .- . . .. 
. : ;,;. 24,~~;Elchod~.CadCadtIS ?'. (B.#.), north side, 
. . - You wil l  perosive by the nbove thst I hwe uMd a v q  

-No. IX.8; . - 70 small quadtity of rubble this month. I thonght it dn. 
. . ,. 25, " Elcho C d e "  (a.#.), around, mhk to writ till the equinoxiP1 grrla k m  over. We 

No. 75 - - . - 70 W a fair s n df tham since tba 13th of p m m t  
;, 26, " Elcha W e ' '  (a.#.), nmnnd, month. On m y  t b  115th it blew a hwriune quite= 

No. 74 - - - 70 8evem.a it did when the & h a  fdL 1 nm now soiag 
overallthe ierasgsintosee i f theminn dif8ermctin 

T o w  tons - 1,120 the bed of t ie  river. and s W  act .ccordisi&. 

,P.s..-R p u d o  not 6ll up the north aide, M ruggclbd, (Signed) H. A. Nosw, 
I. -+l1 .only qeiluiic: . about ~ fow cugm for the msuing Thomao Bouch, Esq., C.B. 4napsubx. 
,&onth; 

. , , ._ ,  . . , .. 
,... . Ch+iuhers, 111, Cmgq Strect, 

' D E & V ~ ~ , .  . I$dinlmt#h; September M, 1878. - 3'k~qiosr.y.ou~Mr. Nohlc!s i e p r t  for W month. . . 
, ~.. . . . . ~% I am, &c. 
. . .  (Signed) Tuomas Boucn, 
; ~ ~ . $ h ~ . y ~ & ~ ;  ~aq:, Per H. D. RODDICK. 

, . . 'Mti ige?,  North British Railmy. 
. . .  

11. 
DE+R SIR, Tay ~ & e ,  Au#& 31at, 1878. 

' I HAVE ~mceived'enold .emunt £mm Mr. S@. 
.lwho~suppliea tbe rublde etonee for the pier. of the bridge, 
h d -  6nd the aoa.ount correct. 1, .&n&t &f ?ubbli*d a r k  deposited during themonth 
mdmg . August . 31st iduded :- 

.. . Tons. - c&: 7;'~teamshi '' Elcho Cnstle," north 
side d~-fi.i. - - 70 

,, 9. ~ksmahip  E I ~ ~ O  C&?' north 
side of 60 - - 70 

,; . l3;~tenrnshi~ "Elcho C&<'' north 
s i d e d 5 1  - - - 70 

,, 15, Stumsiip ".Elaho CMtle," a o ~ ~ t h  
aide of X1II.s. - - - 70 

, 17, Steamship " MO Castle,'' north 
eide of IX.8. - - 70 

l? ' 20; S t d p  ;'t Elcho Castle,'' north 
- 'aide of IILs.. - - - 70 

,;36, S- " Eloho Castle," south 
... . side ofPqj - - - 70 
;S-. 27.' St&r+i$': '. Elcho h t l e , "  south 

- . sideof I.E. - -.-. . - 70 

.= 

:l:h&. .eV little. tb i in re& to the bridge, only to 
:&AtdmY' ftmner s W e n t  I&., tbt thus is not the 
.Slighteat ap-nce of wenkneaa at nny of the pian. 
$vuy &.of the work, f'rom +e foundations to the mper 
.i;h@m, aeep to be doing its work well, g d  there ia not 
4he leait doubt in my miidbut w i l l  wntioue so to do. 

I k, &E. 
(Si ied)  H. A. Nosw.  

! & ~ ~ B o u c h ,  . . hq., C.E. Impstor. 

. Ch.mbaa.111, GM eSbea.  
:gir~?:Srs ,-Zdiihutg&, 0ct% Stb, 1878 

- I~i+-c~osi  Xr:N6Ws for tha past m& - .  . . owe, &c. 
. . (Signed) T a o u ~ s  Booca, 
J&T.~L~.-%- , , Per H. D. R o n ~ r c r .  

r ~%b&ef, &h Bntuh Boilway. 

chbmhera, 111, Gmga SW, 
MY DRAR 8111, Bdinbugb, November 2nd; 1878.. 

Acconossa to our mgurst I m c l w  M .W& 
Mr. Noble's r a p t  on &E atntu of the Tat. Bridge, which 
is very &i&chy. 

C m  you use your i d u e m  in the p m p  qtmte to get 
Mr. Speed's account paid. 

Yo-. QC. 

- 
IV. 

. . 
.. Newport, FSM&, ~ . 

DEAE be, November let, 1878. 
IN my hat  letter to you, dated September %h, 1 

e n c l d  Mr. S 's account of rubble rtanea bmught to 
Tay Bridge by c and deposited c& their ssvapt pfaeea 
named by me during September month. It s pesrs W 
he hns not received the  ash for the W:. tpe now 

the month of October, and ending them corrrm I have 
signed them M usual. previous to wnding them M you. 

In my l& letter or report, dated S~ptcmber W, I told 
p u  1 w w  going over the whole of the souodiup once m m  
M sea if the Septembugdeier bad any effecr in -sing rour 
around the piers, I am happy, to be &led to that 
the sevem gales we hsva e x p w c c d  h m  dnriug the L& 
sir weeks at i n t e d a  have made no pemptihle dknrtion 
in the bed of the river, so fsr m I hsve besn S& to 
mmpliah  up to p m t  time. Fivm south eida of 
bridge toward north, .B fsr s, KO. 48, thd bad of the river is 
.bout the name. From 48 to Mrpdatcve Gnen I have not 
gone ovm yet aioee the g&, but hintand doing lo oveq 
cplm dsy, although I hsve no fesr of the reublt. 

The mhhb 1 have hnd lsid doam theas lrat two monthl 
wmpJctca those iem you muked down on the drrrsiog 
when I pzessnteB the p h  to you atour meeting at Dun& 
in 'July mouth, and w h m  ~t WM very n it mbould 
be l d .  T6e following is the saxlunt of= wed for 
the montha of Septunbe snd Octoba :- 

Tons. - 
W. 3, 
" 9, 

,D 30, 

Ont. 15, 

,, 17, 

, 19, 

,, 26 

"Elcho &Me" (as). E, S.E., 
and N.E. of No. 1.8. - - 

"El& Castle " (@.a.), wnth mde 
of No. 1.8. - - - 

" Eleho h t h  " (U BC& aide 
nnd N.E. dNo .  d 
ELcho W e  " (ss .),d.dt,~wthI 
B.dtr NB., rad N.W., R No. 
X1V.e. 

~utls*' &a.):& & 
andS.E.. N.W., urd N.&.;& 
No. XIII.8. - - . 

" Bl060 M" (S.& 8.W. of 
No. lX.,md N.%. dNo. VWI. - 

" m0 Wle " (m).  S.W. and 
N.& a? No. V1.a. - - 



Uct 2$, L ' E l & o ' W i r "  (SA), S.W. and 
N.E. of VI1.s. - - 70 

,, 31, UE%cho Csstla" (s.u.), N.S.W. 
sod N.E. of 1Il.a. - - ;(l -- 

Total n i u n k  of Tons - 630 - 

Chambers, 111, Gearge Street, 
-DEAR Sra, Edmhurgh, Decuuber 19th. 1878. 

I nso h anolose you Mr. Yoble's report. I have 
instructed him to 've notice to thorn workmen whose sn- 
vices cm now be%l&enaed with. 

Youra. &c. 

, : . . -Newport, Fife, 
:: n~$;s i i . .  - 
., -:..-. 

D e c e m h  18th. 1878. 
. . . ";I q i m - i t $  bc my.dutyto inform you that the 
%inbiioi.wMbiI;n@ employed under my directions in the 
- d i n a t i o n  of -foundations can now be reduced to two. 
'1% wbrlimenwould on1 be required to assist ma in con- 
tinwng the;soundinga ancfaramining the bolts and bracing8 
of the colum&during my stay h e .  

.In -regard to the 'mm of the bed of the river mound 
t h 0  piem.1-am hippy to inform you that no alteration is 
.'+ceptible since. my last snundiuga, taken in September 

% and'October; .and the quantity of rubble stones used since 
~ia';ool~$ko.&rgoea, one since I saw you at  your offlce and 
,0115 p&rious. ' Then will be no more rubble required at  
-'the..pip,. unless iornethin~ occurs very dserent from -... . : y h U  I expect. 
*Th.e.yau+$rjwtm. s b d s  the traffic 6r.t o h ;  there is .- . 
.notthe iiiSt*dcf~t.@ the entiie length of bridge, nor any 
d i  df nettli~uadt a t  any one of the mr. piers. 
:. I-qied the erpadaion johi&hetween tie girdem on tbe 
318th-day of July Isst, and the 13th of pment month, the 
ho tmt~and  the wldest days thin year. The contraction 

& e r  thewhole length of bridge is exactly 1' 11 Thwe 
we 18 crpanaion joints, and the h o  ends of e". ridge from 
abutmentsmskes 20 places tried rrt precisely the -5 apot 

.:wh iime. 
.I &m now. anxiously ws toh i i  the effects of the large 

?pa?titiesjf~i+~(+th which the zivw in oovered) on the 
iem. Is-lookuyl, -over my diary for 1874 I find we had 

:.!!~'c&rof-i&.12~:@:thi~bne8(1, and no damsge war cmsed, 
-exspt a;&ght! g* on the brickwork ; d u l y  we only 
!)iadisir;~erhout:on the north side between the shore and 
&.'57,an&'ofof.e0m -.. bbck ;:. a p t e r  a srr fm the ice-Bore to 

r p . ~ :  , .~,w$-.+d;fo+ with t%e -nt. I shall he 
;%+,v~ght.aa'I can-@opibly be over this &nit. 
~. . . 

p x .  xli 

If my mcmmandstion to radnm thd n n m k  of work- 
men mesh with yalu spprorol, you will plraae h,notigr 
.the m e ,  ro that I can givn the wnrkmen timely nohce. 

1 mmnin &c. 
(Si cd) k. A. Nosta,  

T ~ O W  DOUC~,  EW., c.E Inspector. 

VI. 

Sunken Gimkr, Tay Bridge. 
Xewport, Fife, 

VEAH SIR, April 11th. 1879. 
AT longth I am m e position to inform you that. 

1 have nucceedcd in getting that portion of the stinken -. 
krderthat was lving in tbe tight-0'-way of vessels, b e t m , ~  
Nos. XII. and XlIL. piera, clear,and I have now 10 feet of 
water from dead low-water mark to  the highest point of 
f w c n t a r y  iron. 

It  hna taken most of the time since blnrch 14th. a t  
which date I engaged the diver, and dwing the time I havq 
fired off nearly half a cwt. of dynmlta in small cbsrges. 
I cut all the tie plates piece by piwe (these pktas -held ng--{ 

. the boom of the girder), till a t  length the bnom aank;+t 
its own weight n e d  5 feet; by W doing i t  gives'ue?:~:I'~ 
said above. 10 feet o r' water above highest point of.-sunken.: 
~ i rde r  (taken at dead low-water mark), c o n s e q n e ~ t l y i h e ~  
is no fear of any danger accruing to vemetn whlch msy 
happen to pass between these piere, and l am nowready 
to llght the whole of the lamps on the bridge directly 
1 receive orders ta do so. Everything being ready when - - - 
you nome tbc time. 

Cost. 

'I'lle amount of money laid out by me for carrying out 
the ~ o r k  in  231. 16s. tid. This includes every extrs er- 
yume, anch as  diver's w e ,  overtime for permanent hands, 
dynamite, cods of fusc, detonstars, india-rubber cloth, 
solution, ropes, extra boat hill, &c. 

I was o b l d  ta abandon the idea of employing s mro 
wth  an electric battery. He wsntad 81.38. for the &t 
day, and 11. Is. for every other day when called out. His 
expenses wonld have run up to 151.. no I gave him up, 
and bought eoila of fuse vith caps and  fired them off ..... 
myself. - . ~' . . .. 

' In consequence of the dynamite agsdt at-+ndeehas<ne.- 
no dynamite m his stores I had CO g* pem6My:~nith.my.. 
man ta the varioua quarries sod buy i t :  and ay th&:ia B 
heavy penalty if i t  is known you M ing i t  thmugh 
a town gturt sec- had to be a d o p t e d T n  fact, very few 
pexsons know what we have bs%n about, and l paid for 
everything in connexion with the job d y  cash. It was 
the hent and only method I could adopt to get over the 
affair quietly and economidly, and to be within the 
estimate I mentioned to you in my letter of the 10th 
M m h .  

It now m t s  with you, SW, to remit me the m o u n t  I 
have expended, by so doing you will greatly oblige, , ~. . 

Yaurs, &c. 
(Skned) H. A. NOBLE, 

Thornas Bouob. Esq., C.E. Insp&.. 



. . ,  

. .  . , Ha 15. 

CORRPSPO~~DENOE between HOPEINS, G u m ,  m CO. md the CLEVELAND NUT TT dff~k1.~ . . . .. . COMPAXT dative to the B o r n  and NUTS for the TAY B ~ E .  
. . 
COPIEE OF H o P ~ N ~ ,  G I L ~ ,  AXD &!a O B D ~ I S  to the . C L E V E L ~  N m  AND BOLT COMPANY for Bolts and 

Rivets na entered in the Cleveland Nut and Bolt Chrnpauy'a Order Book, showing ddivofies, price term% 
&C., sent to Solicitor, Board of Trade, by Mr. d r . d ,  by letter dated April 8th 1880. 

2 h, by l# h. c u p k  
rivets 

wa quality. 

I70 rivetp, f in. by l m Jei. 

Weight Rice. Date 01 
dcliveq - Weight j B e d .  

te, cwt. qr. I 

0 1 8 1 1  
0 4 211 

0 8 01: 

0 6 11: 
O l O !  
0 12 0 25 
0 1 2 (  
0 6 211 
O B O I  
0 4 02: 
0 a 011 
0 1 s  1 %  
0 4 811 
0 0 8 1 )  
01s 2s 
0 8 0 1  
0 6 8 (  
0 19 0 11 
0 4 1 1  

0 . 5 1 s  
0 0 81s 

019 3 4 
0 1 1 1 4  
019 0 8 
0 18 2 45 
0 12 9 18 
0 1 0 1 8  
0 18 a 18 
01s 3 G 
0 8 0 4  
0 3 196 
0 16 l 23 
0. 0 1 96 
0 1 0 1 8  
0 1 0 9 0  
0, 7 0, 0 
0 9 212 
o 14 a 20 
0 10 1 29 
0 1 0 9 0  
0 4 2 1 9  
0 4 021 
0 7 9 6  
0 10 1 17 

0 P 212 
0 1 1 %  

0.4 SS6 
0 - 8  134 
0 8 0 0  
018 0 W 
D 0 194 
D 8 0 0  
D 1 OS0 
I l 2 1 0  
3 0 11s 

> o a o  
3 0 1 8  

0 112 

) % O S  

l 0  11% 
S 490' 

1 0  113 



g in. by 13 in. 
C.% B. 

,, i f  in. 
"P. 

Coonter.muik head8 eamepa 
before. , 

1 ,, 4+h. &A. q. - - 
t in. her. nnu tapped - 

Weight. 

owt. qr. Ib 

) 5 0 0  

1 3  0  0  
1 5 0 0  

Weight. 

. cwt. qr. I b  
3 0  1 1 5  

) II 0 1 5  
3 P 3 2 s  
3 1 2 1 0  
3 2  235 
) 1 0 2 6  

1 1 %  
3 1 8 %  

3 1 8  0 S' 
3  0  2 1 5  
3  0  8 %  
3 0  % & P  

1 8 1 9  
D O  1 1 1  

l a 3 %  

0 1 8 6  
0 0 1 1 s  
1  10 0  l6 

0  9 0 9 0  

0  10 2 I4 

0  0  e t 0  
0  0  1 1 2  

0  5 0 1 0  

0  P 1 1 0  
o a s ?  
0 2 0 0  

0 0 3 3  
0  1  1 9 5  
0  1 0 1 4  
U 1 1 1 s  
0 5 2 1 3  
0 6 1 1 0  
0  2  S 1 6  
0 5 0 4  
0 a 2 1 7  
D 7  1PO 
L 5 P26 

1 2  1 7  
3 8 3 8  

D a 9 7  
) l 8  8 %  
3 11, 1 a 
I 7 0 8  
) l U  S 1 8  

o' 0 2 7  
r y a i t  
I l l 7  
t x o a  
) P( S 2 4  4 2-16 
t gC 0 1 5  
i d 0 7  
. 1 11 
t 2  97 .., , 

l 

Che rivetr rue 
to be of same 
.qndi .S thow 
we L e  m 
eently besn sup 

aill be mjeeted 
by the inspeOtor. 



e, and CO:~ Order& h.--C~st. Gilke 

Date I 
&liver weight. -1 ~UL.  No,. 

. - 

r. cwt. qr. te. cwt. qr 

0 1 0  
0  6 l1 
0 1 0  
0 1 1  
0 0 1  
0 0 2  
012 a 
0 1  2 
0 1 1  
0 4 l1 

0 S 3 
0  P 8 :  
0 2 1 :  

0 3 0  
0 0  3 :  

0 P 11 
0  0 a 
0 6 1  

S c m  48 bolt end - 

Nut ril l  be rent with bolt ends. 

I  I  

per cw 

I dcli~etu 

at tbcu 

works. 

0 13 G 

v 

.. 

l 
440, 9,800 bolts and nuts If in 

To wooing - - 
10 1 

110 * 1 

14 0 2  
I11 12. 
I10 1 .  

9 1 '  
t S S I  
I 1 1  l 11 

5 2 :  
i10 2  r 

I+ 2 t 
3 S 2 1  
5 8 1 4  
8 S 1 5  
4 223 
4 1 4  
1  1  26 

5 294 
4 1 4  
1 2 s  
0 318 
I 8 4  
I S 3  
5 8 2 0  
0 2 4  

8 080 
10 0 3 
3 Oli 

10 l 24 
l5 1 %  
11 0 19 
10 1190 
8 116 

I4  0 $0. 
9 8 8 .  

=:l 5,800 ,, gin. by2 ,, 



Copiea of Eopfrins, Gilkw, and Co.'s Orders, &c.-cont. 17 
Piin. 

Price. 

- 
E 8. I 

013 l 
fr. cwt. qr. 
0 4 8 
0 9 0: 
0 13 l 
012 21 
019 2 1  
0 2 S 
015 1 -- 
018 2 
U16 O S  
0 7 8  
0 2 0  
010 2 1  
011 2 2  
014 0 1  
010 0 1  
U 7 a 2  
0 1 1  
0 6 0 %  
0 7 1, 11 
0 1 0 2 .  
0 1 3 2  

0 6 2 !  
0 6 S 4 
0 2 231 
0 3 a 8 

0 4 3 2  
D S $11 
0 2 0 :  
D 2 22: 
D 14 l l1 
0 9 1 :  
3 15 2 l( 
6 . 1  2 
J 6 02; 

2 S26 
7 11C 

) 7 243 
I a y c  
2 Old 

1 17 0 26 
I 8 327 
1 0  S25 
1 0 212 
I 0 S80 
0 1 0  
1 3 1 6  
1 0 16 
1 1 10 
3 312 
1 3 I8 
8 8 17 
l 2 8  





Weight, 

- 
L C* qr. 
0 4 8 1  
0 6 2 1  
0 8 ,  3 1  
0 9 1 1  

0 1: 0 
0 1 0 1  
0 0 S 1  
o l a  
0 P O S  
D a S 1  
0 0 2 1  

D 2 0 1  

) G U 1  

114 3 ,  
1 8 3 :  
I 4 3 8 :  
I 0  1 I I  
I 18 a's: 

0 0 %  
I 16 2 1, 

l 7  1 1. 
I la o 9: 
1 1 5  0 1 
' l2  1 2( 

1 U14 
15 1 81 
4 DIP 
5 8 2 0  

18 0 22 
1s i 0 
1 1 26 
4 ' 8  11 
8 1 3  

: 8 - i  
6 1 el 
1 1 14 

r . n t .  qr. It 
Hcrbeadn and nuts, mm 

necks and washers 
=h, &in. thick. 

As per tlafing. 

UI goods invoke4 sopplied for 

agsinet . this 
order mmt be 
made mti on 
eeparate fonna, 
and have' in- 
Mrted on Bnch,: 
for "Tay Bti* 
works." 

nrt. qr. lb. 
l in (584) " S 1 l0 

364 m h e n ,  3 m. dia by 
4 h thick by 11 in. 

L e 4  m h s n h  P* H. a;a by 
4iethiak b v l i n .  

1% washers, it i i  dia. by 
fin. thiek by 1 in. 

f in .b~8$in  

f m. by P$ in 
in. by 11 in . in.bjs$ in 

fin. by *in 

2w 
1,610 
1,200 
lJ00 
1,150 
mid attention 
to be given to 
the c+mtbg a t  
theabose riem, 
and &%eh bag 
to be Labdled, 
hop kin^, 
Gilkeo & Co.. 
"Tay Bridge. 
150 
100 
750 
so0 
220 

0 
, m 0  
.P 95 0 

June l2 0 
l1 0 

adiyss 0 
,, 25 0' 

June14 0 
,, 14 0 

A w l 0  0 
) May PO 0 

81 - 
June 97 (I 

7 -a  
&ypo a 
June 4. 0 
M n y s o  0 ' 
June 11 0 
Muy 90 0 
,, 81 0 

June 9 0 
, ,, l 1  0 

*Y?? 0 .. 31 0 
June% 0 



TAY BRIWID B W E B  : 

Copies of Hopkime, GiReu, and .Cv.'e Orders-cont. 

l 

weight. 

i -- 1 

t ts. OWL qr. lb. 
o a o e o  

4 0 1 0 8 4  
9 0 1 1  3 1 0  

81 0 0 l l 9  
2 4 0 2 0 9  
11  2 

14 

U 
'4 h 
:In. 
1 in. 
ie 

. in. 
ia 

in. 

in. 
in. 
in. 

~cb  

l. cwt. qr. 
June i 

dY 
J u n e  

& y 
m 

June 
Sept. 
A%. 

June 

11 
2,209 

'uLY, l >  
2,274 

ro he 31 
d r e a d  
H.. G. 
Co., " 1 Bridp. . . 

KUGWSI 
lS75. 
2,485 

1,200 ,, 2: m. rive 
cupbm 

l2 

,. 

19 

" 
7. 

0 0 
'Do. 

5 0 

woo ,, n t  in. ,, 
i,WI 2 in. ,, 
!,OoO ,. S$ ia ., 

482 bolts, l$ in. by 6b it 

Sq. d. hex. 
,996-holb, le in. by 4% ;c 



APPB- 

Copies of Hapitine, GBkeq and Gals Orders, &.--ant. 

700 .? in. by 14 in. cup nvet 

? in. by 3% m. cop rivctd 

m , m  in. by + in rivetd 
cupherds. 

IP ,m g in. by 24 in. rivet. 
onpb& 

zip by 4+ in. rivets, cnpheu 
1 m. by 8 i a  ,, 
fin. by 2 in. ,, 

900 ,, S in. ,, - 
4,100 ,, l i n ,  . 
b.100 .. 1 i in. ,, - 
4,400 ,, 2 in. ,. . 

840 boltd If in. by 6 in. long 
Sq. hendu, rd. necka. 

b. hex. lock nuts. 

I.Morashersforebore*iU 
thick, wauted i m m * d i w ~  

i.470 l$ in. by 42 in. bole, 
Iq. hsds. 
Eer nub, rd n e a h  

1860 l$ ia by S* , 
,oo " at 9, 

,570 8 ,  6k ,, 
.,I20 by l in. Yf in. q. 

head% be& nnts, and zd. 
d. 
,180 1 in. by in. 
h&, bu. m y  .d 2 
nechr. 

l M l i n . ~ a f i a s q . h s d . ,  
hex. nu+ sod rd. neoh 

IM 1 in.bySin.,aitbhsx. 
Loclr nuts l in. tbick, a d  
Ule otaer +h thick r& 
acks. 

IWSi Ie  by6in.T headr, 
b e r ~ l a , ~ .  

U0 1.h. by 6 LL sq. bBOdll, 
bex.aub, and rd. neoh. 

I. owt. qr. l 

1 0 0 8  

1 0 0 '  
)l0 0 I 

)l0 0 i 

)l0 0 I 

L10 0 I 

l 8 0 1  
5 0 1  
i10 0 I 

1 0  0 l 
1 0  0 l 

5 0 l 

weight. 

S . c ~ q r . 1  

0 a 0 s  

0 18 1 

0 8 0 .  

011 B e .  
0 1 s  31. 
l U O l  
0 12 0 1. 
011 I . 
(3 13 1 I 
0 18 2 S: 

0 1 s 1  
0 1 2 1  
U 2 0 8 .  

2 4 0 4  
1 6  S 2 1  

D 4 0 %  
D 15 S If 

D B O I C  
D 8 OS4 
D 12 221 

3 7 01( 

J 5 1 (  
3 7 Ult 
3 7 * l €  
) 4 0 9 4  

1111 1 l €  

) l 0  0 1 4  
3 4 8 2  
) 4 2 4  

7 212 
)l3 l15 
)l1 1P5 

115 S U 

I 19 P P4 

4 0.94 

6 S D  

1 1 1 0  

'his dvea not 
~pgeor to. bi. 
pwerlr mnrted 
off, P L t h 0 ~ -  the 
order 6 made. 



~ . O P ~ ~ L B  6s~:LEn~rn from Cleveland Bolt Company to L e r r s ~  to H., G. & Co. =- - : B  ~ .. .:- 
..~ opk.ms.,Gl@ & Co., mpleining of Quality of Sspaznk 30th. 1873. - <Iii,n;:-Sent.::~:Solicita, Board of Trade, bg Mr. R~~~~~~~ the -1 ~f~ 2 ia bn ,,&h. eel 

:'F-:.--.ai@dfbT:r;e*dated .. : . ~ 8th April 1880. have to hand, we beg to any that a number of the bars.& . ... ~~ . . .  . .- . .. ~. 
~. . -.< , L.~&EB..@H., G. & Co., M. 6 in. too short, and are con ently useless to us. When 

.,.~: -. as have qot thmugh the %, we will inform you what 
:f ~~QTL+EN, .. .:, , ' .- ..*.~. 

S s p t s m b  26th. 1.W. amount of short bus  thae  are. - . .,P'@Bo name your loweat rice for the follomng :- . .. :- 
We r e ~ & ,  &c. 

. . . - .15z.=;igi;i?l+ 12 ft.7 Signed far C. B. & X. Co. 
- -128 - :;,.-12 in. by .. . . .  Jos. PUEETON. 

' . - 1% - , . l i n  , ! d ~ w t  30 tans. PS.--Since d n g  the shove we have test+ tbe imn, 
l28 ,, l+ in. by ,, I and we regret to sap that the result hsa bean the m-ie to 
1 2 8  ,.- la in .  by ,, J. satiafwtory, so far from being best, it is mast inferior. 

C r.wn quality; alw .for bed qaahty, and state how awn - 
:yvu lan 2 e l i e .  . 
: .\.reply by h p r  will oblige. 

yours, &c. 
. . Signed for C. B. & N. Co., JO%&PR PIIESTON. 

9 ,  

&muln. - 

48 

so0 

, . . . ~. 
. , .  

. , 

. . - .~ . . . : .ORDER to H., G. & Co., Id. 
" . .. 

. .. . . ~2 . -.- . Ssphbu 26&, 1873. ' :. :.l52 l$ in.:!by 12 a. beat quality1 . . 
--:.:l%::,. -2 in..by , ,, 
: - -128 ,, I t  m. by ,, .. Well mlled and 

. -1BL l #  m. tip .. ,, exact to sira. 
128 ,, l+ in. 7 , ,, ,, 

a t  12l. lb. par t& /d h.= 
Tough and fibrow. 

Deliveq m iwe or  three days h &OM dsh 
Signed for C. B. &N. Co., 

Joa. P R L ~ O N .  

b. 0- qr. Ib. 

I l¶ 1 0 

0 4 2 4  

0 1 0 11 

0 1 0 2 3  

0 1 1  0 8 4  
0 6 I PO 
0 6 8 1 %  
0 7 0 18 
0 5 0 0  
0 7 0 8 4  
0 1 5  0 6 
o 12 2 16 

0 8 %S6 
0 7 2 4  

o 10 o o 
0 1 0  0 0 
0 1 0 0  
0 1 0 1 9  

Copies of Hopkius, G i b %  E I I ~  &.'E & d m  h-4.  

L s r r i n  tu H.. G. & Go., Ld. 
DEAR Stall, Ootobsr lut, 1873. 

Ws YE duly 1n d p t  of your hvour of to-day, 
aud w e t  that as annot  m p t  the b m  referred to 
at mcommon p~e, we b v e  a large quantity et 
maeut in stook, whieb is superior to you= in quality. 

f;on will plasa, t k v & ~ ,  r e p b e  the dafsctive h. 3 . with "But" ss our o o n W  When you -cm-.+ - m tracted, the &U was delivery in tae.or:&$; 
d° on yovr eng@gment t o ~ w  we: 

-are a p p h d v e  ot  muy &OM dif8coltiw if y h  do: 
not d e v e  MU at at. We have only M the 2 in. 
round et, whiah ig d e b s  tb W. 

Be ~ w o ~ , t p m t b a t t h s . b a s  s tsdl l ro l Icd  
8 ad, o f  fibrous ,*,.or they will ha refused by the 

enpsar.  , 
.K&&. 

, Siqned iiu C. B. & g. j.Co;, 
JOSWA PRESTON. 

Daamiplioo. 

16,roo rarhen, a+ m. dia., 
h. for 14 i n  bolt.. * 

in. by y in. for 1 

9E'&t% $60 t in. by S+ m. for 1: in. 
boltg 

500 l+ in. by 42 in. aq. hedq 
hc~x. nuts, sod d. necks. 

m l &  in. by 6 h  .. 
loo 5, *, 
40 1 io. GY @ hex. lock note 

and d. hendr. 
loo mshers, f in. by S in. 

far 1% bolts. 
lgOOrashers,,Q& by am. 

fir Iifholts. 

MLO much .crens.& in. by 
S& in. sq. heads md d. 
necks. 

- 
P 

Order 
Sa 

a*d 
Delivery. 

D s .  15 

, , B  

,. 16 

,, 15 

.' Weight. 1 Pd.. 

. ,, 8 
,, l8  
,, 8 .. 18 
,, ,I 
,, , 
m 
,, ih 

,, l5 
,, , 

Jan. 

e.ertqr.lb. 

.I: - . . . . 

;E S. d. 

0 l? 6 

v 

9, et. 

1 5 U c r  

I 1 o 
1 0 0 . "  

>.. 

- .  .- . 
I -2 

:~-6: ..- . . .- . 
. ..: . . .. .. . .. - ~ . ~ . .~ . .  
X. -. 

,2. - . .. ~. . 
-13 . 

8 0 7 ;  
0,'- . . 

~. . - .  - 

8,5SY 

- 
3,566 

8,573 

. . .: . I 

- I 
1 
i 

0 1 0  0 U 
0 1 0  0 0 
0 1 0  0 0 
0 6 0 0  
0 6 0 0  

3 

, 

: 
3,068 .. * .  

_i . -.. 
- . 
.- 

. 
- .  . . :  ..*- ... 
Je.:1S76% 

-:5..i-"' -. 

I 

.. . 

DP.0. 1P75.'- 
a,o55:'. .. .- - . . . . .  : - .-. 

. "j 

. .. . .. 

~p 

. 
S$??: 

.. 
. 

=3,68o- 

3,689 
~ 

. . . ~< 
. 6 .- 

,, 4 9, 

f Ss L* 

:: 23f :: 

1 , m  1 M 

850 ,, 
1,m 

12 in. h. nute. unuppedp - 
I t  . ,. 
f in. nq. nuts, tapped - 

0 6 0 0  
0 1 0  0 0 
0 1 0  o o 
0 1 0  0 0 
0 5 0 0  
0 1 0  0 0 
0 5 0 0  

mWll. 

" 

o 10 U U 
- 0 1 0 0 0  

0 2 0 0 



. "  
L u n m  to H., G. & Co. 

s ummB 
~ .&:you.d~ r d m  tb imptaus of this rnatta 

to Us, and&ke &pa acaordingty with pmmp(ltude. 
Yowa. &a 

Sjgned for C. B. & N. Co., 
JOSEPH PRESTON. 

LETI-sn to H., G. & Co., Ld. 
G E ~ T - L ~ ~ E W ,  October 3rd, 187% 

ly to y o u  of yestoday's dbte, F $It keep 
-i portibh;ofqthe 2 in: muud at "common pnn, but, 
~~~$$o~%ipply of this qudiq, we annot accept 
the'w 01% 

-WB<haee;-bean QQIU&WU~~ to purchase at  a high- nrtc 
i&bIb%&. f& the mutract, and, therefm, must request 
you.6canckl this kire. 

W e  feeiour:cliinta will cmncel the whole of tha order on 
-Atof the deky which baa attended IW execution, and 
we must im reae upon you the neaamtp of aendmg us the 
bdance of tfe iron immed~tely 

yours. BC. 
Sped for C. B. - & N. Co., 

G. N .  

L m E r  to H., G. & Co. Ld. 
GENTLEMEN. October 3rd, 1873. 

WE haw your hwur of to-dry, bud be(l to sa that 
the information cmveyed to you by the RLlway %.,.to 
the a c t  that the trucks containing the 13 in. and.11 in. 
round w q e  put hack into our siding yenterday morning is 
to@Uy:ud@e. 

Yours, &c. 
Signed for C. B. - &:h'. .. Co., 

G. N. 

LS~TSK tO H.. G. & Co.. Ld. . > 

Dr~n&as;-. . . . October 7 th  !873. 
R ~ F E R ~ U N G  to the it and i t  m d  imn whch you 

'have sent us, we r e p t  to find, on t e b n  , that i t  is of "* inferior quafity, and totally unfit for i e  puryaae for 
which it.& &emd. 
;- Oiu order bnn for "Bent " imn, and in your letter of 
the:2hd.in&., you state you are p n p a h g  iron of suitable 
.*-., -r--.-, --- 

P l ~ . , u u d h a n d  that we *ect the ~ o n ,  and must re- 
queet you to replaee it by another parcc1 of rope1 q d  R %. ,We.smdyou mplen of bsm, which we ave tested, or 

.& we are shady behind in onr conwct, in coose uenec 
of your dela , you dl see che necahy  of at onos?ethng K us have snot er supply without a momet's d e k .  

. ~. . ~ . &gned for C. B. & N. a:, 
. . Jsn. P R S ~ N .  
. . -  

. : C o q r ~ ~ o r - O a o s ~  seDt by Hopkins, Gikw, & Co. to 
-. CCe- Nut and Bolt Camp,, Limited. ( 

rtliddl&bom' 8eot ta ohmtor, Bovd of%% 
bv Mr:Hdlsni! by Letts. dated 8th April l&@. 

E, Q.. W s  No. C. B. b N. @:S No. 

906 May 19th. 1879. 91 
500 f in. by 2; in. dvsB, +phads, good 

43W ,, by2  in. 
¶=W. 

.S ,S 

2 , m  ,, by 2b in. ,, ,. 
2,000 .. by 24 in. S. 

2,3CRl ., hy 2 in. W 

fi,nOn ,, by 3fin.  :: ,, 
2 . W  .. bv 31 in. .. ,. 
150  .' b i 4 i i n .  S, v 

3.200 3 L. by I+ in. ,, 
5,800 , by 1% in. ,, . .  
1,300 ,, by 2b in. .. . 
1,000 ,, by 2+ in. ., . .. 
4,000 by 2g in. 

g i e d  for H., G. &"Co., ~d.:' .. 
ROBEET TPLPORD. 

1,002 June 15th, 1874. W 
170 reveta, t in. by it in.snnp. 
3&l ,, ,, by 2 in. ,, 
250 ,, ,, by 2t m. ,. 

2,150 ,, ,. by 2f in. ,, .. . 
900 ., ., by in. ,, 

6,400 ,, ., by if in. ,, 
600 ,, t i n .  by l* in. ,, 
200 ,, ,, by 2t  in. ,, 
l , Z in. by I t  in. countersunk 
350 ,, ., by 2 in. snap. 
720 ,, , by 2t in. ,, 
970 ,, ,, by 2t  in .. 
120 ,, ,, by 2 t  in. countersunk. . - . 

1,360 ,, ,, by 2& in. amp. 
1,170 ,, by 2s in. ,, 

~ i g &  for H., G. & G., M. 
HENRY LEWIE. 

1,003 40U 6 in. by 2% in. rivets, amp. 3 ' 1  
240 ,, by 3. in. ,, ,, 
%O by 34 in. ,, ,, 
630 ~ y n .  bv 2li in. , ,, _ i 5140 g 3: 3% 

,P . ,,.. ::. , > +  . . . 
340 . ,. ,, . . .>, - -  .. - . ' - 
230 G. by 1% m. ,, .. ~unt&u."k~,:~: 
070 ,, by If in. ,, shipI ., . <-. ~ ,,q;y: 

2,950 , by 2+ in. ,, ,, - , . - 
120 ,, by Q /n. ,, wnntMunk. 
660 ,, by 23 m. ,, map. 

2,664 ,, by 29 in. ,, ,, 
130 ,, by 21 ju. ,, ., 
180 'tin. by 1%. m. ,, wuutvsnnk. 

3,130 ,, by 21n. snap. 
signed for H., )i;. k Co.. Ld., 

HENRY Lswls. 

- . - .. . . . 
1,004 June 1% 1874. - . .~. :.-:L~!J; . 

60 $ in. by 2& in. rivets, SW$.'-  ' -;>-:-::~, 
2,610 , by 2?. in. ,, ,, . . 

M ,, by 2#,m. ,. 
S in. and 8 m. rivets, at 16% cl. 

in. rivets, at 19s. cl. M p(. your 
quotation oi the 13th ion 

Signed for H., G. & Go.. Id. 
HENET Lswls. 

1,212 July 'B&, 1874. 439 
Origind order, 1,600, stterad to 

1,000 countersunk riveb. 



6,300 & in. &m. by 2 in. b g  dmb, oup 
M r .  

540 , by 1% in. 3, 

W ,, by 24 in. v 
800 , by2t in. 8. 

3,000 " b 28 in. S, 

4,000 , by 2f. in. ,S 

W200 by U in. ,B 

3,000 ,, b in. ., 
9,400 .. by 25 in. ,S 

1.700 ,, by 3 in. 1s 

200 , by 36 in. S, 

850 ,, by 3+ i n  ,S 

950 , by 3+ in. " 
170 ,. by 3 t  in. .. 
250 by 38 in. 

s i g h  for H., G. k CV.. L%, 
R o e r s ~  T r ~ m n n .  

August W h ,  1874. 
1,700.f in. by 2 in. rivets, sospbd.. 

" jn. ,, 
2 .  

100 ,, hy2 m. ,, 
100 ,, by 3 in. ,. $9 

4 1 . -  by l in. ,, ,S 

1.;6~1:-,; by.lf in. ,, ,. 
l 0 0  ; by:lSin. ,. 

5,.&6{.in. by 11 in. panheads:' 
..9,soo- ,, byl*in.. .. 
13,400 , by 18 ID. ,, 

300 , by 3 in. .. 
1;ooo ,, by I t  in. ., 
m ,, by 1 111 B. 

300 ,, by l j i i :  
Signed for H., G.'& &., Ld.. 

Rosmn~ TELPOH~.  

- Auguat 31at. 1874. 
48 &rew,bolt enda. 

. - Nnt &ill> sent with bolt ends at 4s. cwt. --. . . : ~ i g + + t o ~  H.. G. CO., 3 . . . .  
R ~ B E R T  RLIORD. 

August 11. 
.W tobe-- 
Price 21s. per cwt. delivered at our works. 
T O  b& oiled md packed in b.gs r s d y  for 

. .- - ~eUdin#'$E 
gned for H., G. & Co., Id., 

ROBBUT TELIORD. 

, - -CV+i:of h a6taohed to above order. 

- . . - Septembez 16th. 1874. 
- . :.-Wi&:$his we to enclwe p n r  order 

; . . . ~ : H ~ , @ ? ~ ~ ~  inch ba "7 ts to our tnnng at 21,. 
- -S -@:+:;-delivered hen in mrdnnoe with 
~. - - y~w.offe:of.the 12th A w t .  

Cx-~nrOnW. . p u  dl oil the bolt. hafors 
. - ~ & ~ ' t & .  and p+ them in 

, i iat ly rfong for thew tmnrit 2ToOZ 
gowli-whmh un aliaN haw to send fo tk " Tey 
Bridge," 9 t@# ahould not be within the 

of your olfer, ou mnat p h s e  advise ua 
Z%e.earliest p o d e  to-to-mnmw. 

Yours, &c. 
S i p d  H., G. & Co.. Id., 

EDDAS GILSES. 

September 16tb, 1874. 
Pluss note that the mdw for 9,800 bolts, 

18 inch dia. should md 9 W  bolts 14 inch 
dia. to tracing. 

Signed fix E., G. & Co., M,, 
R. 'RLIO~D. 

1.613 September W, 1874. 
1.2~0 + in; by in. rioeta, +d. 
W ,, by I t  in. 1, 

l* , byoin. C lm' , byaio. ,D 

loo " by3th. 
t3ipd £m H., (9. C&, Ld., 

%BSUT RLWSD. 

1,524 September B&, 1874. 
798 .' : ' 

W 3 in. by in. cupbead riW. 
e50 ,, by 4 in. .. 

1- ,, by 4 t  in. 
450 ,. by 4 t  m. ,, 
200 by 5 in. 

10,WO t $, by l* in. anaph&a. 
3.100 ., by 1% in. ,, 
l.200 ,, by 2 in. ,, 
3,700 , by 2t in. ,, 

190 ,, by 2t in. 
Sied fw H.. G:& CV. Ld.. 

R o e s n ~  T E L W ~ D .  

2,&50 t in. by l* in. panheed rivetd. 
1,650 , by l? in. ., 

23.700 , by l h  in. .. 
2930 , by If in. ,, , - 

4,500 ,, by l* in. . ~ 

Signed for H., G. Z CO.. MC. .- 
ROBBUT RLWUD. 

Scptembsl29th, 1874. 

736 bolts, a in. by l) in. qove h&, 
hex nub, nmnd necks. 

176bolts,Qin. bylin.sqwvcheads,hsr 
l& nuts, round m&. 

768 bolts, 4# in. by l# m. q-.&a; 
hex nuts, mund necks. 

384.wmhem, 3 in. diameter by f in. tbiok. 
for 1) in. bolts. 

4 p  lasshem, 2& in. diameter by & h. 
thick, for l+ in. bolta. 

naahera, Din. diamta by t in. tbick . for l in. Llts.  
, 21s. a*. ell mund. 

Signed forH.,G. & &.,Id., 
roe mu^ Tawonn. 



.---- m W for l* in. boltd, m k d  at 3.W.W t in. by 14 in. cuphend riv&.* 
Once. ' 1,300 ,, by 28 in. ,, 

1,Pon ,, by2)in. .. /+ ? , ,. 
2 ,, by 2 in. S, 

: - 1,MH) ,, by 34 in. ,. . - .  . . 324) f in. by 2b in. ,, 
<.:. 
. . 300 1 in. hy 21 in. S, ~... 
. .T'I  892. Signed fox H., G. & h., At l21. l&., aa per quotation. 

ROBEHT TSLFOPD. S e e d  for H., G. & Co., Ld., 
ROBRUT TELQOHD. 

fin. by 231 in, s n a p h d  rivela. 
., by U in. ,, 

by 2* S, ,, by 2l, in. 
,, by2 m. .. 
,, by 3t in .  

t in by 2+ In. ,p 

1 m. by 26- m. ,, 
To be addressed H., G.  & Ca.. 

for " Tar Raidee." 

.W f in. by l& in. cuphead dv&. 
850 ., by 2 in. 

,, by 2t m. ,, 
2,200 ,, by 2) in. ,, 
850 ,, by 28 in. ,, 
B' ,, by 28 in. ,, 
X30 ,, hy 9t in. ,, 
900 ,, by 3) in. ,, 

2,050 )in. by l m. ,, 
970 ,, by 23 in. ,, 
3M) 5 m. bv l4  in. .. 

, ~ 

At 132. %a. &per G~' uotstion. 
Signed for H., G. and%., Ld., 

ROBPOT TSLPORD. .. 
700 - ,, h i  lg in. 

Signed for H., G.% Co., U,, 
ROBEHT TBLQOKD. 

. , . '  
: .  

n . S .  October 15th 1874. 
crts. of l+  in. by S in. rivet8 to ample 

May 3rd, 1875. 1,974 
1.350 8 in. by 2 in. cuphead rivets. 
1,100 , by 24 in. ss 

2.150 ,, by 22 in. ,, 
3.1W .. bv 2) in. .. 

:.sbnt. 
2 owts. of Zf in. by ? in. rivets to ~ m p l e  

;sent. 
To. bi: made ftom "Low M,w" imn 

epplied. by us at 22s. per cwt., nv& to be 
clyged~dat . . .. 27s. 

Signed for H., G. & Co., Ld., 
ROBERT TELPOPD. 

*. , .- . .~ .. 2 :i,* ~-.. .. ... . . . .~ . . -  tl~~mher 4th. 1874, O d m  for Bolts 
.... - .. No. 15b 

OItrprrlhr (Ul% 
-10 ' 1 0 hsx nuts, wmwed for 1% in. bolts. 

2 0 1 0  
(W) 

1 in. ,, 
SI w&L, 3 in. ;L. by by in., 

ta ped fox i u  bolts. *L, 2$ m. &G by t in., 
. t q y d  for 1 in. bolts. 

,: .A76 ras m, 2& in. dia by t in.. 
. - hpped for 1 in. bolts. 
. -1 ' : ( s v ~ . )  
:- All, invowx for goods supplied against 

.tbiiiorder must ha DI& out on separab 
:f+;and have inaerted on each far "Tay 
Bridge Work8." 
. , .Signed for H., G. & Co., Ld., 

. . H. HY. Taov*s. 

June 216  1875. 2,200 
170 6 in. by 5,in. much 

3,W , by 2 in. .. 
3,000 .. by 24 in. 

The above arc m 4  qantlx-yn+d,. 
kindly have them- . put . iuil@n+t - 
onoe. .- 

Signed for H., G. &.C;,:, Lds ...( ", . 
R~BEPT: 'P@LFOE~? 

. .~. . .,. 

COPY 0f LETTEP. 
January Sth, 1874. 

Memo. 

June e n d ,  1875. 
E&QEWN~ to DUI. Order NO. 2,931, of 

June 21st. plaae cancel the-3.W t in. by 
2t in. riv&, we trust you will put the lest 
of the order in hand today, that the dveta 
may he f d e d  to "Tay- Bridge" to- 
nmraD pithut fail. 

Signed for H., G. & Co., 
~ B E P T - T E L P O ~ D .  

to g ~ e p t  your offer of the 
suppl nutd and m h e w  at 55s. 

@ ..F., did. at &]&'a &(line WO&, arid 
W-.h-mmth enclose you the o d e .  We 
p W  i t  with you on condition that you will 
giwprmipt d e w ,  we am wanting them 
at once. 

by ibd ,  1875. . 
in. by 1) in. c11ph0d rib. -~w S. ,*l in. ., ~~~ ., $31 d.,. 3, 

-2i7ao S,, by2hin. . $,GO *.h.+ 21 in. c o A o ~  &I% .L mL,7ru p pnot.tiO.,, ~ . l i  the 
.-.boee.ta bsddivwd at *,la- 

ia ' ht weeks. 
-i%,&& Ea. & ca, M, 

.,. . . ,  ROELET RLIORD: 

. ~ 

Xl t in. hy a m. cuphed r i v a .  
y 2) in. 



H.. 0. k &:a so. U. B. & N. Co.'. WO. 

3,111 hugust 4t4 18%. 2,455 
4$2 halts, it in. by 6g in. low, aq. bed., 

round nffiks, 
hex nuts. 

1 '  . , by 4t  in. ,. 
.. ' - ..LT , - . , by 5f in. ,, 

1;176 ,, ., by 4% in. ,, 
90 ,, ,, by 5t  in. ,. ,, 

2,4!,10o -hers, 23 in. diam. by : in. thick for 
It in bolt. 

.qoO -here, 2t in diam. by A- in. thick for 

3.96 skptember 7tb, 1875. 2,6W 
2,000 + in: by 3 in. snaphead rivets. 
2,500 ,, by 23 in. 

lx,UM) ,, by 2+ in. ,, 
. ?1;000 ,, by 2t  in. ,, 

1;oOO ,; by 2 in. ,p 

5,000 ;, by If in. .. 
-1,700 f in .  by 3 k  In. 
l , W  ,, by 33-in. 
1,600 ,. by 3 in. ,, 
2,000 ,, by 24 jn. ,, 
NI) , by 2t  In. W 

At 121. 105. per ton. 
'I'he whole of the 3 in. riveta and onehalf 

.~gt - the  f in .  ++set8 at once. and the remaining 
. &~lf%f the ?,in. in sir wseke' time. . . . . ~ 

. = ,:-. :.., ~ ~ .. SignedforH.,G.&h..Ld., 
. . . - . - RoeePT TELFORD. 
. .  . : , - .  . ~.+&,jod - - 

. S .  September 25tb, 1874. 2,725 
22,OUO.f IF; by I f  in. cnphead rivets. 
I I , O  , byBt in. ,. 

;W - ,, by 1s in. X, 

UrgeuHy wsntad. 
Signed for H., G. & h.. Ld., 

R o e r n ~  TBLWORD. 

3360 October 1311, 1876. 2,805 
1 ton &in. by 2+ in. cuphmd rivets. 

.. l.. ,. ,, b y  l; in. 
... 5 . :  

. . ,. . ,, :b&2& in. ,. 
--:. 1, ;, f in. by 2 in. ,, 
. ~ 

f ,,.. ,, ; by?? in. ,, 
. . .,, f (n. by 18 in. 

. . - s i e a  for H., G."& CO., JA.. 
ROBERT TELPDPO. 

;i.::so ~ o b e r  ~ r d ,  1875. 2,847 
- 1,000 In. by 2s m. ctlnntermnk rivets. 

i.100 2 in. by 3 in. 3. 

S i e d  for H., G.& Co.. Ld., 
Ros rn r  TELPO~D. 

3,443 Xovmbar 5th, 1875. 2.912 
: .. 8.W ? in.,by 1% in. cuphead rivets. :<' . 1p,qoo:,;,:: bj 2* in. ,, 
. ' -  C -X,gainst:63~1~ at 111. 15s. Od. pa ton. 

-. ~ . . S i e d  for H., G. & Ca., Ld., 
...~ . -~ . ROBERT TELPO~D. 
. .- ~ . . - 

- - :Nbv.mba %h. 1876. 3.010 . . 
$m:g-in. by-43 in. cuphead rivets. 
5 , 1 .,.by 3 in. M 

10 ,, S,,, by2in. m 
l0 , by 2 l  in. ,, 
10 -,, " by2*in. ,, 
5 .. by3 in. N 

3,bo ,. -by 2* in. ,. 
l,m ,, by 2t in. " 
la00 ,, by%in. 
1,103 ,, by 2* in. " m 
1200 , ie. n 
1,400 ., by3 in. 9,  

800 , . by .% m. ,. 
% l  b y l t  m. Y 

4 9 0  .., .by.lf.in. 
4,4001, I by 2 i n  

" 
signed fm H., G. b., Id., 

Boarn.hl..Oao. 

8*&kcb'rPro C.,*~.*,@W&? 
W Xoagnhsr W?, 1876. :&?p 

440 bolta, l & in. by 6 in. 1 sq. hsds, 
d. a%+ h. f i e x ; . Z i i a  

4 W  bolts, if in. by 6t  in. lmg, 'Kt. h&, 
rd. necks, m. hex, look nuts. 

-100 bolts, i t  in. by 4? in. long, sq. h d a  
rd. neclis, &in, hex, lock nuta. 

4t10 bolts, 14 in. by 4t in. Ion , sq heads, 
rd. necks, f in. h=, lot! n&. , 

1.W aashers fsr do. thick. 
A t  1;s. M. per cwt. as per w e r i e n t .  

Signed for H., G. & Co.. Ixl., 
ROREPT TCLPOLU. 

3,644 Nov~mber W, 18;5. 3,035 
6.470 l +  in. by 4+ id. bolts, square %earls, 

hex nuts, and mund neaks. 
2,860 l& in. by 5+ in. bolts, square beads, 

hex nuts, and mund necks. 
700 l &  in. by 5b m. bolts, square b@s, . 

hex nuts, and round necks. , , 

1,570 14 in. by 64 in. boltd, aquan herds: 
her nuts. and mund necks. 

1,120 1 in. by 2* in. bolts, square heads, 
hex nobs, aud mund necks. 

1,180 1 in. by in. bolts, square heads, 
hex wta, and mund necks. 

250 1 in. by 3s in. bolts, square beds, 
hsr nuts, and mund necks. 

3.50 l in. by 5 in. with hex lock nuts, one 
1 in. thiok nut, other ? in. thick 
usnrl. 

375 1 in. b 6 in. be  heads, hex nub, 
roundnda .  

240 1 in. by 6 in. square heads, her nuts, 
mund nmks. 

15,400 azshen, 2$ in. dia. by 6 in. W for 
I t  in. bolts. 

@W wsahers, in. dia. by & in. thick for 
l in. bolts. 

360 wasben, 3f in. din. by t in. thiok for 
l+ in. bob.  ~~..- 

At 17s. 6d. psr cwt., as par 
Signed for H., G. &Co., L T r n M t '  

ROBERT T e ~ w a o .  ~~ ~ - ~ .  

5,553 November 30th. 1875. 3,035 
501) bolts, 14 in. by 4$ is. long, aqusre 

he&., b w  nda,  mund necks. 
200 bolts, l* in. b 6+ in. long, square 

beads, hex nnc ,  round necks. . . 
100 bolts, l &  in. hy 5 t  in. long, squr& 

bade, hex nuts, mund necks. ' 

40 bolts, I in. by P+ in. long. hex -1dck: 
nuts, mund necks. 

100 washers. 3 in. d ia  by 4 in. thick for 
I$ in. bolts. 

1,200 washers, Zi i n  di& by in. tbick for 
l+ in. bolts. 

At 17s. W. per cwt. .s px apemat. 
Sined for H., G. & Co., Ld., 

~ R E R T  TELFORD. 

3,566 Dffiwnbm 3rd. 1875. Q055 
XW couch -, 34 in. by i in., s q u a ~  

h& and mnnd neoks. 

At ?%.r= cwt. m per sgreemmt. 
Sqne fn E., G. & Co., Ld., 

ROBEUT T E L ~ U D .  ~. 



:&G.'& ~8 NO. e.B.kll.0a'sNo. 
. -- &&,4&m6i ,'m . . 3,063 

1 in. @.'ciiPheia Bvats. 
. -@xXlieoo;..+qm, : 6, 

,. by l m. . ,, 
' 1,oOO - ,, by 21.5. - ,, 

wsntsa at on&, 
sijd for H., G. & Co., Id., 

ROBERT TELFOPD. 
. - 
. .~ . 

..U,&- Jamwy lStlr, 1876. 5 
10 cwta. 14 in. nuts, hex, untapped, 218. (in 

.. .... . - - . ~. 
:- 3;6B!i ' . .. J a n w y  14th, 1876. 6 
. 2,ckta; f in. UM nub, ta p d  . . 

,L Sid% H., G. & A., id. ,  
ROBERT I'EL~ORD. 

1,762 Decamber 4th, 1874. 1.181 
&290 bolts, 14 in. dim., 5 t  in. long,amwed, 
- -  24 in. 
1250 bolb, i f  in. dim., 5 in. long, -d, 

2f in. 
With hex heads and nub, eaeh sup- 

plied with one washer to tracing No. 
5,756. 

21s. per c&. d/d. at works. 
These balta us dl to be delivered 

- - during the firat week in January next; 
if vou cannot do thin, p l w e  return the 
order to W. 

S i e d  for H., G. & Co.. Ld., 
ROBEBT TELPORD. 

COPIE~ o r  SUCH  QUOTATION^ UI were made in writing 
b+Hopkinn, Gilkea; & Co. by Cleveland Nut and Bolt 

y, Limitd. Sent to Solicitor, Board of Trade, 
letter dated 8th April lW 

Qwt& to Mews. EqLins, Wls, 6 Co., Limited, 
March mh, 1874. 

Youn. &c. 
Signed for C. B. & N. Co.. 

5. P. 

DEAR SIRS, May 16th. 1874. 
REPLYING to p m  hvour of today,:w.shall be 

happy to supply the f in. sq. sq. sq. bolts at 27r:per cwt. 
We wuld let: you hnve them in lcas than a week from 
RpCipt of older. 

Youre, &a 
S i u e d  for C. B. & N. Co., 

J. P. 

DBAR SIPS, July ?1nt'.1874. 
WE &l- be - g M  to book .your orda.$ri? 600 f in. 

doubls uutGid bol$Cto$or.wng st 25s. p& M., de- 
l i d  at yourworks; . curl term. 

Yam, &c. 
Signed for C. B, & N. Co., 

P -. -. 
. . 

D E A ~  Srus, ' A W  12th 1874. 
Wa haveto thank you for p u r  -ed inquiry 

of Htli W, and in reply beg to we nhaU haw p l w u n  
in s u p p l e  ' 9  800 It m. hafts ,h your tracing at 21s. Fd. 
pci W > d  e f ;  'vered at T B p r t  hth, near Dundda. 

If-delihred hem our pnw* b&lr.per cwt. Trusting 
b d v e  pour commands, 

Wem,.Bm. . .  , 
Signed& C. B. B N. Ca., 

J P  

Dska SIM, August 26th, 1874. 
. ~ P L Y I N O  ta pur essLmed id nit7 of 25th inst., 

we shall be hs to 6upplpt6c.h&inga6am bolts to our 
sketch at 2%. uper cwt., delivered at~yonr works. d u a l  

Youn, &c. 
S i e d  for C. B. & N. Co.. 

J2P. 

DEAR SIRE, September W,le74.  
REPLYIXO to your eateemed inquiry  of^-today, we 

beg to a our present prim for washers of the siws you 
m e  wilThe 21s. per cwt., delivered at yow work. 

Terms of payment-osh on 10th of month following de- 
Ilvery, leas %:per cent. 

Araiting the favour of your commands, which sbdlhaw 
our best attention, 

We are, &c. 
Signed for C. B. & N. Ch., 

G. N. 

DXAR SIR#, sepkdk?r 14th, 1874.. 
B.&PLYING to your eatsemed inquiry of to-day, WC 

shall be happy to supply the bolta and wasben you Mqulre:' 
st %!S. per cwt. all mund. 

T r d i n g  to 'meive your commands, and - ~ : ~ o r t  
of our W attention. 

Youm, &C. 
Siued for C. B. & N. Co., 

G. N. 

DEAR SIRB, September %h, !R74, 
WE be happy to supply you with oot.t+n.of; 

1 i  in. washers, f in. thick at 24s. perwnt. . '.;.A < i. .:;~ 
Tarns of ayment - o s h  on 10th 'month fpllo+iir;$: 

delivery, lesa g 4 per cent. . .  . ... 
Soliciting the kvour of our order, Y - . ~ .  . . .  

R e  are, &C., 
. . . . , . .  . 

( S i e d )  C. B; & E-&i ?.~;;' -;; 
Per RosP;aG Ikv i :  , ~ .  

DEAR SIRS, October 7tb,,1874. 
REPLYING to your valued. wmmunieatiOn., of the 

6th inst., we shall have much yleanus .in bookivg your 
order for the rivets to spa 
all mund, delivered a t  your works. 
Terms of p ment-cneh on 10th of inonti f?lloivi$. 

delivery, less 2[ per cent. Awaiting the. favour of :you? 

We are, &c. 
(Sined) C. B. & N. Co., 

Per R. L. 

DEAR SIRS, Deomber W, 1874. 
REPLYING to your favour of -day, we have nnw 

the plwure to quok you our very lowest price for the. 
bolts to your tmnng, m d  hope the same will be &dctorj- 
and enable you to aend the order. Soliciting whi*, +: . . 

Wearc,'&c. , , 

Signed for C. B. & N; Co., 
J. P. 

1; in bolts, hex heads, round necks and her nu&, 6 in. 
and 4 long, with d e r s  in. -thick, to tracings, 21s. 
per cwt., delrwred at your w o r k  Terme of payment as 
usual. 

Q E N T L E M ~ ,  Deeemh 286,1874. 
YOUR kind favour, dated,the 213 inst., only -eh 

hand this morning, in reply've beg :+.8ay that t&ricc 
for the nuts and -heis i n q m  about :ra<,2.&;per-&., 
d c l i v d  at gour Te+h@eWork$ :Te--ia W; 

We rait t e favour of, j o u r . m p w ; ~ ,  and 
We r&aiti,.&. 

. (Signed) C;:B.'& h'. Co., 
Per ROB~RT Levy. 

.- - 
Msrch 25th. 1875. 

REPLYING to your verb1 inquiry of &day, w. pr im 
will  be as under : 

Woodaclrua, 5 in. and 4 m. by i in. and # in.. 2;s. - - . . .  
er cwt. 

dasbcm, 3 in. din. by t sad 1 in4&, 19s. per cwt. 
Usual terms, delivered at your works. 

,,, . 

DMR SW, Aplil21&, 1875. 
W ~ I ~ h s U b e b q ~  tosspplyyo$with18cwtowttin. 

her tapped nuts, 28s. 8 g,., and 5 d * in., 
I in., 1 in., lt in., at 31s., g.,,., 2% per cwt. 



TAY BBI- 

We aha l l~ds~  be glad to book your ordm for 13 tonu of 
p& g . ,mtaed  ~~ *er rivets at 1% 15.. PEP ton. 

Hopmg to mewe your rommands, 
w e  w, &. 

( S i e d )  C. B. & Co., 
, -  ~ - . ....-., p3 R. L. 

:. , . , ,  , - h-**@ S&:!,, June 29th,1875. 
W&'&. %hand yon our = r i d  uotshon f a i r  5 

Ji tons of f in: rivets. If in. to in. long, d vered at your 
121. 1%. p a  ton. Uaual tcrrss. 

%$&%jiver t h i ~  quaotity in a w e  or ten days. A 
sample uf the iron ~wwmpaniea the uotatm. Am, &a, 

C. B. & N. Co., 
Per R. L. 

.DEAR SIJ+\ Septunbar 23rd. 1875. 
' \YE -,ahilPbe happy to supply d l  the rivetd r e f d  

;to .to-daf; ,fig,- :yl tons or upwards ($ din. snd up.) at 
!!I. lSs;.;r..y. Delivery to extend o w  the next 
thm-mont s Usual trrms. 

. Yom, &c. 
(Signed) C. B. N. & Co., 

Jos. PuEBTON. 
..- . - 

DEAR SIRS, November 26th. 1875. 
.~NI*ExED WE have the pl-m to hand YOU O W  

yricea~for .-thee bolts named in your memo., and truat the 
rame will enible yuu to lace the order with us. 

K e  m, &C. 
. . 

Signed for C. B. & N. Co., 
~. -. .- J. P. 
.- !&.folj&.in. bolts., sq. rd. hex. 

-. - -lsS.-f$~-;ul; ,, - .. ,, 
. m. couch screws, 25s. Delivered a t  y c ~  

adrkj..-:~,wma of.payment as uaual. ~. 
~ . -- April 16th. 1876. 

-l.in..bf:.l in. cup r i n k  - Itb. 6d. per cwt. 
j p: by.6 jn. .. - 1 b . M .  ,, 

in. by  16 m. q. rd. hex. - 36s. Od. ,, 
. g, jn.,by-1 in .. - 27s. W. ,, 

4 m.:bp2$ in: ,, . 2-58. Od. ,, 
t +:br:%ih. ,. - 24s. Od. ,, 
a m. by-43 in. ,, - M .  ,, 
5  in.^ by 4 in. ,, - 23s. M. ,, 

June 2nd. 1876. 
. + ~ ~ n i a a i ~ ~ - t c . o u r  quotation of yastenay, we have m 

: ~ ~ ~ $ S & t h e ; ~ . i ~ ,  and shall be glad to supply you 
.imth_ith;{?ii+$~tb:d folloising reduced prices :- . 
.. .; 10~tbnb~pin;girder rivets at 101. 178. 61. per ton. 

4O~tdia:+'id: ,, at 121. 10s. Gd. ,, 
. ;4Wi)'tdna 4 in. ,, at 121. 101. (M. ,, . . 

~ ~ i i v a r r d  at pour works. Tarns ra u a d .  
- . . ..~ -. - 

'DEAS S I B ~  June 8th. 1876. 
Aawian(led thismorning we b v e  entered for you 

50 tmi o f f  in., t in., 85 in. riveb for delivery over about 
3 imntba.at 101. 1%. W. per ton, delivered at your T m  
Engine;Wo&. Payment by, your aceeptsncc at 4 mm. 
f@m.lOtli month.fdlomng dell-. 

I t  idarid%toad that you do not ask us to deliver more 
tbsn lOj$<s:of t in. against this conbact. 

Yours, &c. 
C. B. & N. Co., 

Per RORT. LEVY. 

D u n  S188. July 17th. 1876. 
W g , b U  have much planre in myplying you with 

.33@Xl+:iu.:,by 7$ in. cuphed spiku, and 12,000 + i e  
by 5- in. .panted, at 1%. W. per cwt., delivered:& your 
works T-s of payment an uwd.  

A*-the favour of esteemed order. 
me are, &C. 

Signed for C. B. & X. Ca., 
WILLIAX MOTH~~WSLL.  

Se tcslber 7 t 4  1876. d' R:PEURINQ~! 07 quotation of ate, we beg to hand 
+awndeil.pnm, nz.  :- 

.lO.til?cats. I+ in. hex. tapped nub, 2%. p&, 
mbsga and d a l i d  at your works, and M to 

+h your order. 
Ynnn &e. . - -. -, - -. 

. .  . (Sigosd) C. B. N. & Co., 
. . WM. M ~ ~ R W E L L .  

To Ho kin& Gilkss, & Co., Ld., . 
Engine Works. 

'' Rirets m per spseifiation. Price 15L lb. pm ton." 

July 28th,1874. 
1,500 rivets a in. by 26 $, aaunkrsuuk heads. 
Zoo ,. .. by 3fln.  

5 nki. boltr t in. by % in. sq. 3. sq. 
2 ,, ,, by a t  in. ,, ,, 8 ,  

5 ,, a'&. her nuts tapped. 

Auguot l&, 1874. 
2.W + in. by 11 $. ouphead .. . , 

. :~. . . 
16,000 ,, by u r n .  ,, - :. .. -. -.. 

970 ,, by W 
. ~ : .  - : 7 . .  , - 

35n ,,, by $m. ,S . . . ..?:.- ;:. -. .X, 

25,950 ,, by 2t in. ., 131.40s. pw b6.i 
450 ,, by ,y2t m. ,, deliv&. . 

4,000 f in .  by 46 in. S, 

2,000 ,, by 2t in. 
1,800 t in .  by If in. paoh& 
2,100 ,, by 18 iu. ,, j 

August lpth, 1874. 
Rivata as per spec&ation. 
To screw 48 bolt ends an p3 sketch, price 4s. per m. 
Teas Engine Worka. 

Septemhef 'l&h;1874- 
9 . W  l+ in. bolts and nuts to tracings. Pria 2ls:pek 

nvt. d e l i d  at your works, to be oiled and- p.okcd: in 
er- strong bsga . 

. , 

Septsmber 16tb; 1874. 
1,250 cuphend nvetd f 

BM) B. 

1 . m  .. 
1,.w ,. 

100 

September 28th. 18%. 
?vets m per speciBwtion. Rice 131. 1%. per ton, 

dcliverrd. Tarns of payment ss umd. 

s ~ ~ t . & r ~ & t i ~ l s 7 k : : -  
736 bolts l* in. by 5 t  in. q. rd. .- .. . 
176 bolta 1 in. by 8h in. UQ. d. ha ;  1 ,. . . . -  

- ~ . .  . . . - . . 
lock nuts . . , . 

for 1 in. boitd - -- -J 

DEAR S I ~ ,  Saptaonhef 30th.-1874. - 
WE w song we umnot wm ly with your:%*'_ 

of the %h in-, in rdereua to t L  9,W.bolb; as:%& 
have MW neul j  mm ekd the forging of the W@ qum? 
tity. H d  it been ot !!m" er, we should have' b.d.plsduPe 
in caqing out your wishes.' 

Your estrrmed Order, No. , ia duly to hand, s;od we 
wil l  give same our best ottsntioo. 

F i e d  fm C. B. & N. Co., 
G. N. - 

[JJ tho~pbsd forms with wpy of orders at fo0t.j 

. . ,  . 

' ~ l ~ i s . t p o b . d t o t h e . b m e & .  



~ o b s m s d s n f , h M a n  iron,which wil l  he supplied 
by yoo at:*-p oat. 

~. . - .  . . J m u q  11th. 1876. 
.. 10 &&qi;~ lb. If in. hex nnte, tappd. 

2 , 0 1 0  ,, 1  in.^ m--& 3 in. +.by + +. thi& by lain. hole. 
184 . , .%.in. dm. by + m. tbiek by 1 m. hole. 
876 , in. dis. by t in. thiok by 1 in hole. 
Prim-2%. per owt. delivered .t your works. 

good. supplied y m t  F a  order must be made out 
on 8-$0 f-, sn h v e  snserted on ench-For "TV 
Bridge Works." ~. 

. . .. . . 

We p l w  it with you, on condition that you will give 
pomp: delivery, aa we m wanting them at owe. 

Yours, &c. 
Signed H., G. & Co., Ld.. 

J. W. WILLUMS. 

[Lithographed forms, with WW of 0- .t foot.] 
July 6th. 1875. 

7~200 riv- i in. by 3 in. 
3,600 ,, ., by 2) in. 
4,400 ,. ,. by 2 in. 
%OoO ,. .. by %m. 1 mrke, 

2,000 3 in. by ) in. 
3,603 2) in. by ,, 

14,000 2+ in. by ,, 
21,000 2) in. by ,, 
1,OGU 2 in. by ,, 
5,000 i f  in. by 4 in. 
1,000 ) in. by ., 
1,600 3 in. b j  ,, 
2.000 2fr in. by ,, 

500 2I in. by ,, 

Sept. 9th, 1875. 

m. rivets d d l  
one if the 
f in. riveh: b~ 

once, and tbe~re--. 
maining half of 
the t m. in sir- 
weeke' time. 



a. C. Rmnrsr, Bbq., F.L.S., M.R.s.L., P.R.M.S. .. 
Rcsideot of the Court of Jnqniry, 

Somsnst House. 

DAVID K I R X A ~ ~ K ,  
99. Southwark B-t. Lbndm, S.& 

21st April,lBsO. 



Tent No. TestNo. 
1st Erpari- 9nd Experi- 

ment. mat .  , , .  , ,, . SUMMARY of R E ~ U L T ~  of SECOND EXPBIIIMSNTS b ABOERTAIN the QUALITY of the IRON. 

0.1415 0.1416 ~nrbmke'nith~i~8~01b.=48,7931ba. or 19.55 tonnper square inch, coDtractio? of are& at fraclnro 10.58 per oent., ertfrmion 6.6 per oeot., fimture70per eent.flbmus, 30pn mt. wylcdline. .. .y. . 
, . 

0.1417, 0'2418 ,, .., l~07~680lbs.-47,P491bs.or21~09 . ., . , >a n 17'87 1'2.8 W 76 95 
, .t . ,. 

0.1419 O'HZO , :9?,4?0 lb.-48,874 lb. or 19.81 . : ,, 15'55 7'9 . ,, 85 15 

DIVID K I ~ A L D Y ,  

99, Swthwerk Stt$t, London, S.E., '- 

22nd Kpnl 1880. l? 



-- 

rat 
No. 

- 
.:o 
I885 
1 

L865 
B 

laro 
1 

1378 
m 

I879 
3 

1859 
1 

1853 
P 

18M 
d 

1871 
1 

1378 
a 

1871 
a 

ISI 
1 

L¶& 
4 

11188 
B 

When 
Lugs 
brake. 

h o  W, 
hod bolt bmken. 

Two lugs, sound. 

Do. do. unmund. 

One do. do. and 
one link at bole. 

One lug, wand, ahd 
m e  Link at hok. 

Two link# nt holes. 
Two lugs, aound. 
Do. do. 

Two links at holsa. 
Two Ings, nonod: 

TWO I U ~ ,  =nod. 

DR (10. 

Do. Q. 

One l%, nnrolmd. 

Two log#, wnnd. 

no. do. 



LI& 

- 
g. in. 
' 180 
do. 
do. 
do. 

'760 
do. 
do. 
do. 

.820 
do. 
do. 
do. 
'840 
do. 
do. 
.760 
'740 
'760 
I h 0  
do. 
do. 
do. 
' 680 
' 700 

- 

Iba. 

61,898 

45,287 

65,683 

45,417 

50,816 

38,874 

56,529 

49,288 

55,192 

58,487 

44,981 

66,557 

' M& 
* ' W X ' ~  

do. 
do. 
do. 

a m  X .a8 
do. 
do. 
do. 

2'00 X '41 
do. 
do.: 
do. 

P'OO X '42 
do. 
do. 

2'W X 'as 
2'00 X '87 
S'OOX '38 
2 . 0 0 ~  'S5 

do. 
do. 
do. 

9'00 X .84 
P-00 X '85 

Do. 
511 per wnt. fibtous, 50 per writ. crystalline. 
75 ,, S5 ,, ,, DeBcieqtreIdhg 
70 per cent Ebmos, 80 per cent. cryatslline. 
65 ,, ,, 35 ., h 
65 ,. - S  8.5 p, 

60 ,. ,, 40 .. 
10 ,, ,, 90 ,, 
70 ,, ,, 30 +. 
98 ,. ,, 8 ,, , ,S 

95 ,. ,, 5 ,, 
R0 ,. ,, 20 ., 
95 ,, ,, 5 >. 

Plates, lengthway - .  - 87 per eent. tlbroos, 33 per cent. oystalline. .. CIUMW~F- - ' -  88 .. .. 12 ,, 



Tat No. Test No. SUMMARY of R ~ E W L T ~ ,  of SECOND EXPERIMUNT. to wcwtain the QUAL~W of the lnow. 
l& B.psrimcnt. !Jcd Experiment. 

0. 1425 
Per ccnl. Per eeot. Per cent. I'm cent. 

0. 1426 - Bsz broke with 105I.30 lba.*46,817 lbs. or 20.63 tom per square inch, Contractionof sreo d Fracture 15.70 Exlcuaioo 11.7 Practum 100 Fibrous, 0 ~rysta'uinc. 
0. 1407 0. l428 - do. do. 91.880 Ibs. -40.~99 lbs. or l 7  .v8 tons do. do. do. 18.42 do. 6.6 do. 98 do. P do. 
0. 1449 ' 3.1180 - do. do. lhl,lSO lb.-45,695 lbs. or 20.39 tom do. do. do. 13.02 do. 4 do. 70 do. 90 do. 
0. l491 osed in testing 0. 1428 - do. do. 1W.170 lbs.=49,1hl l b .  or 19.24 tons do. do. do. 10.15 do. 7'8 do. 85 do. 15 do. 

oolomo I-. 
Q. MD8 RbH* 80(b~~prii 0.1486 - d .  do. 111,410 lb$.=l7,0%8 l b .  or 20.S9 tons do. do. do. 8'18 do. 7'6 do. 6 do. 95 do. 
m f i b b s r  labelled No. 10. 1448 - do. do. Il&,58O lbk=48,416 lh. or Pl.61 tons do. do. do. 12.43 do. 10.1 do. 75 do. 25 do. 

MW - 108,891 lb.-45,184 Ibo. m 20'14 tons do. do. do. 12'15 do. 8.9 do. 7 do. 28 do. 
Bmlyht fmm %port dated Sand Apd .  Mean - 100,970 lbs.=44,77) Iba. or 19.98 tnns do. do. do. 8'7 do. 77 do. 23 do. 14.48 do. 

Tot01 idpan - 109,4118 lba=M,948 lbl. or 90.06 tons do. do. do. 18'51 do. 8'8 do. 74 do. 26 do. 

H, C. ROTHLRY, E~;:F.L.s.. M.R.s.L., F.R.M.s., 
Plsaidetlt of the'Court of Inquiry, 

Somwilt' House. , .. 
_ . , P .  

, , ,  .. . 

. .  . 
DAVID KIRRALDY, 

, . 99, Southwnrk Otrcet. London, S.E., 
. . 4t11 ' n i ~ y  1 ~ ~ .  

. , ,  - ,  
.') . ,. 
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,' . .+ . ~ ,  .. . 

&S., 
_ , I ,  -i 
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:;/ , 
( 7  , * .  
' , , , ,  

% ,  . ,  

;*h, 

nclies. 

2.00 

do. 

do. 

do. 

do. 

do. 

do. 

, 

. Pulling , , . ,: - 
' ~ A ~ n s i '  ,,,,.: 

. . 
, , 

nd*. I 

-- 
inch. i~ 
1.00 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

ao. 
do. 

do. 

do. 

do. 

?mclure. 

Boood. 

do. 

do. 

dl. 

do. 

do. 

do. 

inn. 

- 
¶.;d 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

TA 
No. 

- 
0 

1866 

1368 

1874 

la8l 

1387 

1892 

8 .  

Xameter. 

inch. 

1'128 

do. 

do. 

do. 

do. 

do. 

do. 

- 
m. - 
)spa. 

- 
aches. 
9'00 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

ID' 

'00 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

ao. 

do. 

do. 

do. 

do. 

I / ,  

, . .. 
Arcs: 

- 
q. in. 

'000 

do. 

do. 

do. 

do. 

do. 

do. 

h i 
19,445 Sound. 

inch. 
1.198 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do 

do. 

do. 

do. 

do. 

?ha. Da. / lb. 
*o 14,a21 ;I,m 3wnd. 

do. 

do. 

do. 

&lightly unsound 

Bound. 

do. 

do. 

do. 

Unsound. 

do. 

Sound 

Unsound 

Sound. 

do. 

do. 

do 

do. 

do. 

do. 

do. 

do. 

do. 

rlo. 

do. 

do. 

No. 9, 

No. 4, 

No. 6, 
> 

Ho. 7, 

No. B, 

do. 

do. 

do. 

do. 

do. 

do. '4.556 

do. 4,788 1,184 I 
do. 4,631 ;1,15E 

do. 4,688 1,159 

do. 4,021 , 1,156 I : 
do. 8,817 / 954 

do. 8,296 / 824 

do. 4,103 1.177 

do. 1 '  8,189 ; 797 
do. 4,98¶ 1,245 

1,474 1.1 l6 E- 
Dnvm KIRICALDY, 

99, Southwuk, 5th Mny S W ,  1880. London, S.E. 
H. C. R~THJKRY, ..F.L.S., M.R.S.L., F.R.M.s., 

rP "P President o the Oourt of Inquirl, 
Somerrd Houae: 
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