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GOVERNMENT OF MADRAS.

PUBLIC WORKS DEPARTMENT.

Railway.
Read the following paper:—

REPORT ON CRACKED TUBE PLATES OF HEAVY COMPOUND
ENGINES ON THE EAST COAST RAILWAY.

In the Director-General of Rajl
1897, I was instructed to direct spe::
yearly inspection, to the failure of
of the East Coast Railway. The
thirty supplied under the advice
Glasgow—twenty of them under

lways’ letter, No. 956 8., dated the 14th July
ial attention, on the occasion of the next half-
copper tube plates on the heavy compound engines
engines 1n which failure occurred are amongst the
of Sir. A. Rendell, and built by Neilson & Co.,

: contract 4,190 of 1892, and ten more subsequentl
supplied. Up to June 1897 the plates of ’seventeen m;t of the thirty hadqfailedjg

since then more failures have occurred. The 1 i i I

; 4 ongest distance run by a failed engine
was 108,865 miles, and the shortest 90,535 miles. They weigh ywithalﬁeglassgbut
empty grate, about 50 tons, with about 44 tons ext : 4

mounted on 6 five-foot wheels and a bissel truck. ra for a full tender. They are

2. The failur : g . 3
€S are very serious, sometimes extending across ten or twelve con-

secutive bridges between tube hol : ; ;
diameter and 2}” pitch, so that th :S;briTne tube plate carries 214 tubes 12” external

k: 14 1 B
part of the plate is one inch. The tul (808 aro § only. The thickness of the tubo

es which are 12 w.g. at the smoke-b
10 w.g. at the fire-box end where they are beaded over ar%d ferruled. K zt tol:llte ?ﬁoﬁﬁ
box end they are merely expanded without beading, and have a 3" projection. Th
distance between inner faces of tube plates is 11’ 5”. 2 . : e

3. The cracks occur for the most part in one or other of the
bridges, at the sides and bottom, not at the top. Similar cracks v:of:ﬁ) boeu;?;(;?lgd (;:
the edges of the plate were helfi rigidly and if its centre portion were violently buckled
backyards and forwards. This indeed is exactly what I presume must happen when
the side plates of the fire-box are prevented by their very short stays from éxpandin
and contracting while the tubes being rigidly held at both ends are free to buckl%
the centre parts of the smoke-box and fire-box plates.

4. 1labour under the great disadvantage of writing on a subject in re i
I pretend to no special knowledge. But it seems to nige that, ugder suchg(;rgdtiiigg %1;
to-and-fro wrenching, the plate must go unless made of the very best copper, and that
anyhow sooner or later, after a large number of firings up and washings out any plate
must go. I can imagine that failure under these conditions might not occur either if
the forward ends of the tubes could slide in the smoke-box tube plate, or if the tubes
were so bent that they could give a little.

9. The expansion between the fire-box and boiler shell is a relative one, consisting
not only of that due to the relatively larger co-efficient of expansion of copper than
that of steel (copper 1 in 104,400 per degree against steel 1 in 151,200 per degree),
but also in the very much higher temperature of the copper fire-box than of the boiler
shell. I have nota notion what the mean temperature of the copper is, but at one side
of it there is a temperature of nearly the melting point of the lead safety plug, while
at the other 1s the water of the boiler; whereas the steel shell has only the boiler
water on one side and air under the lagging on the other. Supposing that the mean
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450° and of the steel 250° the 6 feet of copper side
temperatulrcia c;)efsfkaetg?;);;nngout% of an inch, while the steel shell for a correspond-
Plate1 WOltl;h would expand only about 5 of an inch. The difference must be taking
o where or other, in the very slight bending of the short thick stays, and to
i solrrif oxtent in the transverse flexure of the tube plate just in the very place
i sr?f; eracks which we are dealing with are found to occur, but chiefly I take
g t : al stresses in the side plates themselves. But the very small wrenching
o tinlfnihe relative expansions and contractions of the fire-box and its shell does
caused by ot the whole of the wrenching to whichthe tube plate is subject. There
ioglrsip;ﬁz?te due to the relative expansion and confraction of the 11 feet of the belly

: i ss tubes contained in it. The tubes are doubtless
portion O'fdthrgbslte?}igﬁgfrtig%z?:tﬁiz than the shell, though the difference is nothing
f-tk: ;(S)Ig;e:t as )i7n the case of the fire-box and 1ts shell, It seems to be here that we

1 Gt vk
i y the mischief. 3
ST thedsofu::z (;flr Hindmarsh, the Officiating Locomotive Superintendent
s gat_‘heri Rali‘iwav that in his opinion the cracking of the bridges was due to
of the Fast (’.Oﬁf s Aty é{ayino‘, The top of the fire-box is stayed not with girders
excess of nigidity I 4 bar sta s 15" diameter and about 18" long, except the two leading
bus with, I think, 244 bat stays 13 to permit of the upwards expansion of the tube

e aret %Xpmﬁ;oanigady;xs{arsh thought, and I agreed with him at the time
%hte Whenwhgﬁuebt.ful tijat it would be sufficient if the next two rows of crown
ut am no )

; ' i ay i he
o e ones were also expansion stays, so as to relieve t
stays back of ks ht be of use if the injury were occurring in the erown

e di h that m1
rigidity. But froes ¢ it would help the tube plate very much, so long as the
plate, I canﬂsf];l(z}vl‘; Ss??i;};ztles, the door plate, and” the ’l’ower part of the tube plate
Biays conpos 1h°11 are practically all of them only 2” or 3" long, and therefore incapa-
e e S like the extent necessary to allow the side plates to

ble of bending to d aw:)l)}:ﬂglllr;geonditions of their temperature. I take it that the side

‘expand as require fact expand to any appreciable extent relatively to the boiler shell

plates do not as a

hich they are so rigidly connected by the multitude of short stays, and that the
to whic

ture takes effect 1n internal compressive stresses which these plates evidently
temperatll ARCE

lieve, found to fail.

h. because they are not, I believe, o ;

e et b "t :s possible for a non-expert to forin an opinion on so spegal a
e o0 far'a?’ori is th%t the cracking is due either to the copper of these pax:t}cula,r

subject, 1Y OB 200d enough to stand the wrenching to which they are subjected

tUb% plateslzl‘(’& E:}elianﬁ);;:gitudinal expansion and contraction of the tubes every time the
as the resu

. s are fired up or washed out, or olse that the design of the staying is faulty. It
::egxill;e:o me that what happens is as follows:— . ,

Owing to the shortness, 9" to 4", and the thickness, 1", and the close pitch,

(a) Owing tavs connecting the sides and back of the copper fire-box and also

g to 4", of the fstﬁ)e’ copper tube plate, to the steel boiler shell, there is little relative

the 1°err Rl tmctigg between them. The effect therefore of the dlﬁerence. in

expansion and cont hiefly to set up internal stresses in the metal, stresses which

their temperature 18 © 7 ly capable of sustaining without injury.

icular plates are evident

these Pa;t lc]:gxeept in so far as it is held rigid by the short thick stays near the top of

\ -« room for relative expansion to occur between the copper crown
the side plates’tf,];fg%glf%)ecause its long 18 inch stays can bend to a certain extent.

Jate and the s i £ at least the middle part of the tube plate, from
: 110) t’];l;e e eXI)anw?cllleg fzr by the adoption, for the front two rows of
the belly 8

ards, i8 provi
sfugzpansi,on gr stirrup stays. These cannot, however, do much good
O -

crown stays because here it is held rigidly by the side plates and
near the sides of the tub?L I;Lﬁg’lg ?gathrough the wash-out hole I could see that, as a

bhieat Shortfascii(:i etﬁgaiyri;rustation at the expansion place of the end stays in the two
matter 0 A

‘ho that here at least they had not been acting.
expansion T0WS Wa:nlégtinbg()a]z?i)fl}éiﬁ;nggwhich has caused the cracks is not apparently
() LY 6vement8 of the side plates of the fire-box as to the expansion and
due 80 muehf t;](;l “;1 4 tubes, or rather to the relative expansion and contraction between
contract;loil t%e c;lindrical ateel shell of the boiler containing them. This relative
them amt
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movement is due to the greater temperature, as

. , 5 well as i i
;1%,:;8;2:’0? t:,}rtze bra.zlsln tube_s as corr}pgtrt_ad with the steel :ﬁgu-hlg&elg C(;%eﬂiment ?f
bt e f}frat ;e might exhibit itself (1) in protruding and w'tlfd el o
ik mt v o fut ﬁs in the smoke-box .tube Plate if they were ] : .rawm.g v
s e by e :ls }dl 2; could bend ; (3) in internal 8tresses throum;lse’ e
the tube plates All th od and if they cannot sag; (4) in bonding, gug 1ot e®
ot ]ud ! thafe:fl effects may perhaps to a lesser op rea;g e b
smoke-box tube Iz?late b the tightening up of the forward ends gof tl?g te x}fent_ e
i A ¥y the use of the dudgeon-roller wonlq make forw;sssi?dgl;

8. The greatest effect of the une 1

. . 'qual expansions and i i
mli(;foﬂ;? ﬂl:glga: all)'e subject must, apparently, be sought ﬁtﬁt}ﬁns e
g of e-box tube plate Just around the group of tubeg 'I?h'l;emi]fmg pe=
. " ubes. 18 effect can

plates fails and other sets do not fa i

ke . not fail, the deduction is that ¢ ic

workr::qltl}ilrgg E)I;eﬂll)gxfxlgesfj_‘(;:' the quality of the copper, or all tl?:egllz(f'in:zz Of‘P]ate or

iy , ? 18 opinion I offer with diffidence, not ’being a qlg:ingzttige
¢

9. I now come to the m i i
ﬁ?iﬁlésinsgrltlgdhicﬁe:hzr:e?:a% %ﬁ%%u;:ﬁdazglgir:;:d,bigg t:ﬁggtzgre@egaﬁgfm?eg ki
i e e s e
i e . i S o, i o
hole or two, but for ten or twel:?an:}-agiz?ggi.dgg :itll){nb: ggv(:fdite:e%l:xil tc? metit(;fele::

R me that the

lon strips £ i y i y
fy P8 1or testmg be cut out, b sawing not b Ohlppillg near the failed |
s P aces,

and oth i i

s v:;i sltlnléi Or‘xleaﬁ- Iz}llaqes which have not failed ; also similar stripg ¢
phréinilar wa,y o gdvisee{h;lil;at};l egax;e tg‘oh.e in other ways, have nP(;: ifafill]:':dolsi t:;lhb'e
ductili ! e test pieces be sent t Sveal
iity, and also chemically, to the Madras Cigi!} Ez;&::ﬁsg fgl(') lsl‘u-engthhzamd.
€ge, where

Professor A. Chatterton’ i
£ totivbou 1’8 tests in the 100 ton machine of the College may be trusted

12. Since writing the abo

inf ion i ve paragraphs, I have had : :
of &r%a;;?lﬁ ;l;e Vo(langg of Iz-ocet;gmgs of the Inst. C.E,ogg rﬁt::in ttgeosus;;m? tmamg o
6 Btrha 1 tweepagn s v :V ere the author of a foreign article says: “eg fed
of the t ® plates and side plates are assisted y8: “ Cracks in
wﬁz’cheal:obge}:clla fes under the internal pressure, and by the = ymthiebeumg O
Mr. 3. & T A &racke round Ue tubo ends.”” At page 125 of Vo, fastt
tubes when ﬁndglgt says that, “ With regard fo the amount of expa Pl s,
thirt it 'sratded. 2 eam pressure he had found, in trying a boiler overxpl it 3 b,r it
inch, and ane tubo plced s g Lo & length of 104 oo e b
< Rge ey s Placed 1n a stuffing box at th about ;7

in addition: s , 8 at the smoke-box end exp .
on; lhowmg that ke tubes would, if they were allowel;, i:;::geia;ﬁgﬁ;h
g

like L inch.” At Pa
3 ge 87 of the same volum W,
racti . e Mr. W.8. st y sai
practice on the L.B. and 8.C. Ry. is that “when brass tubes al;%ugiz{i slz/lt:,il/ 1;]7:1; Ifh?‘”"
ot force

the tubes through .
ugh the plate and cause leakage ; this has been found a p very efficient
,1119 differential

>

' . :
pwards in the centre to about their own diameter, so that the expansion mav s *

Temedy for the leakage of tubes, When iron or steel tubes are used *
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expansion is so small that this bending is not necessary ; it s questionable however, if it
would not be an advantage in those engines having very long fire-bozes.” At page 162 of
the same volume Mr. R. H. Lapage said that ¢“ at the smoke-box end he preferred merely
to roll the tubes with a dudgeon-roller, letting the tubes stand out about  inch, and to
use no ferrules ; by this means the tubes were allowed to expand a little, if necessary.”
This is apparently the way in which the smoke-box ends of the Kast Coast Railway
tubes are fixed, but I doubt very much whether they can expand in the holes without
leaking, under modern high pressures. Much useful information is to be found in the
discussion on Mr. J. Fernie’s paper on mild steel fire-boxes in Vol. LXXII. I gather
from a perusal of the above papers that there used to be a general feeling that bar roof
stays were not so gnod for very large fire-boxes as girder stays, though the former
are well enough on small fire-boges such as those of metre gauge engines.
18. I notice, through the papers, that it seems to be generally believed that stays
should be kept well back from the flanged angles. But I see that, in the East Coast
Railway fire-boxes, the forward vertical row of side staysis only 22" back from the row
of rivets which connect the side plates with the tube plate, and 5” back from the centre
of the thickness of the tube plate. But at page 169 of Vol. LXXXI, Mr. K. H. Burnet
speaks of a distance of 83" to 123" being appropriate for this place. The object, of
distance is flexibility, so as to allow of bending occurring

course, of this increase of :
1 d the outer ring of tubes.

between the rigid stays an
14, Were I responsible for the fire-boxes of the East Coast Railway compound
engines, I would be disposed to try the effect, fivst, of using slightly bent tubes, the
tent of a semi-diameter, care being taken that the

bend being upwards and to the ex . 4
tubes did not touch ; and, second, of removing at least one, and possibly two, of the

front rows of vertical side stays ; always, of course, assuming that it turns out that it
is not the quality of the copper that is at fault.

FRANCIS. J. E. SPRING, m.1.M.E.,
Senior Govt. Inspr. of Railways, Madras.

9nd Feb. 1898.

Orpr—No. 290 Ry., dated 21st February 1898.
of the above report be forwdrded to the Government of

dered that a co
Ordere 2% 0., No. 206 R., dated 4th February 1898,

India in continuation of G.
[Here enter No. 291 Ry., dated 21st February 1898.]

(True Extract.)
FRANCIS J. E. SPRING,

Joint Secretary.

the Consulting Engineer for Railways.
S Manager,gEast Coast Railway.

»
e

Espogseuext—No. 201 Ry., dated 21st February 1898.
Forwarded.

(By order.)

FRANCIS J. E. SPRING,
Joint Secretary.

Exd. T. K. Narayana Aiyangar.
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GOVERNMENT OF MADRAS.

PUBLIC WORKS DEPARTMENT.

Railway.

Read the following paper:— ‘
REPORT ON

CRACKED TUBE PLATES/ON THE EAST COAST RAILWAY.

In the Director-General of Railways’ letter, No. 956 8., dated the 14th July
1897, I was instructed to direct special attention, on the occasion of the next half-
yearly inspection, to the failure of copper tube plates on the heavy compound engines
of the East Coast Railway. The engines in which failure occurred are amongst the
thirty supplied under the advice of Sir. A. Rendell, and built by Neilson & Co.,
Glasgow—twenty of them under contract 4,190 of 1892, and ten more subsequently
supplied. Up to June 1897 the plates of seventeen out of the thirty had failed;
since then more failures have occurred. The longest distance run by a failed enginé
was 108,865 miles, and the shortest 50,535 miles. They weigh, with 2 glass but
empty grate, about 50 tons, with about 44 tons extra for a full tender. They are
mounted on 6 five-foot wheels and a bissel truck.

9. The failures are very serious, sometimes extending across ten or twelve con-
secutive bridges between tube holes. The tube plate carries 214 tubes 13" external
diameter and 23" pitch, so that the bridges are 3" only. The thickness of the tube

art of the plate is one inch. T he tubes which are 12 w.g. at the smoke-box end are
10 w.g. at the fire-box end where they are beaded over and ferruled. At the smoke-
box end they are merely expanded without beading, and have a 3" projection. The
distance between inner faces of tube plates is 11" 5",

3. The cracks occur for the most part in one or other of the two outer rows of
bridges, at the sides and bottom, not at the top. Similar cracks would be produced if
the edges of the plate were held rigidly and if its ventre portion were violently buckled
backwards and forwards. This indeed is exactly what I presume must happen when
the side plates of the fire-box are prevented by their very short stays from expanding
and contracting while the tubes being rigidly held at both ends are free to buckle
the centre parts of the smoke-box and fire-box plates.

4. 1 labour under the great disadvantage of writing on a subject in regard :

1 pretend to 1o special knowledge. ! But it seems to me that, lll{der suchg;rn d?;i:;l‘g}
to-and-fro wrenching, the plate must go unless made of the very best copper, and that
anyhow sooner or later, after a large number of firings up and washings out any plate
I can imagine that failure under these conditions might not occur either if
the forward ends of the tubes _could glide in the smoke-box tube plate, or if the tubes
were so bent that they could give a little.

5. The expansion between the fire-box and boiler shell is a relative one, consisting
not only of that due to the relatively larger co-efﬁ;nent of el_:pansion of copper than
that of steel (copper 1 in 1.04,400 per degree against steel 1 in 151,200 per degree)
but also in the very much higher temperature of the copper fire-box than of the boiler
ghell. Ihavenota notion what the mean temperature of the copper is, but at one side
of it there is @ temperature of nearly the melting point of the lead safety plug, while
at the other 18 the water of the boiler ; whereas the steel shell has only the boiler
water on one side and air under the lagging on the other. Supposing that the mean

must go.
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;izgex:{: ggsftieti?z?;:ngirbeo ‘;it-5(1)° fand of flhe lit.(leel h250° the 6 feet of copper side
b 3 OL an inch, while the steel shell for a correspond-
; ffge clte:f:]lz Vv:];)::;l oixpti;lnd only about 5 of an inch. The difference must be tgkli]ng
P i by i0 ir, in the very slight bending of the short thick stays, and to
Vi e s II;' 1 e transverse flexure of the tube plate just in the {'m,'y lace
b fum i, sfres: lch we are dealing with are found to oceur, but chiefly Iptak:e
SN Foh r;: lm‘ies n the side plates themselves., But the very small wrenchin
Bt totroaan 11re1 ex;%ansmns and contractions of the fire-box and its shell do E
s e ! tﬁ e 01 »t"he__wren(_:h'mg to which the tube plate is subject. Th s
portion of the steel bo?leieaaﬁg‘;i: T)E:?:ﬂt?:’:)e:ltiu(tioptric'ﬁo% iy Dl .the betﬁ;
| : s ained in it. ' ;
at a considerably higher temperature than the shell, though thzl:l?égh?zczl (l?sdtx)ll;lt)lllliess
n

6. I gathered from Mr. Hindmarsh, the Officiat; i
3 : Dam ) U ciating Locomoti i

gictilsz Ij;ig(;géits; ﬁntl}?;agrt,a;}ilii n ’}l]‘i; Otplmofn :!}110 ;:lrackging of the ggdsggge;;t%lie%
! ; ¢ g. e top of the fire-box is stave Aith o

x(-):vtr ;vl\t:l};iﬁ ﬁh;l:g, 344 bar stays +5" diameter and about 15" lo;git:iggptn tol.fe‘ggg lgu;;ijers
Thle (hes heatdepalﬁlonH.s_‘tays, to permit of the upwards expansion of theat 1[])

gl doubt.f : r}.1 1.ndmarsh thought, and I agreed with him at th i s
Bvabory it R s ul, lt-?it' ‘lt would be sufficient if the next two rowé ofe e
rig'idity Bt thou“;:) theat ng ones were a!so expansion stays, so as to Arelj il
e l‘cannot i g ?1 might be of use 1f the injury were occurring in th TR
P s,connéctino thv see that it would help the tube plate very much, so ] i,
i zhe s a4 e side plates, the door plate. and the lower part of the (;n% ulley
bis: ‘ot bonding toare 'Prﬁ?tlcal!y all of them only 2” or 3” long, and therefo ke sty
SR ?x A a{)lyt ﬁng hkg .the‘ extent'neeessary to allow the sid relmcapa.
gy notqas » facty the cgndltlons of thgnr temperature. T take it t}?atptlites.to
et meneiia rpfg?n to any appreciable extent relatively to the Bojle e
temperature takes effeetl?:l i};)tiiiztfc;:i bris?il: mttslltitude Of' e Stays, and t;;:kéﬁg
stand well enough, because they are not,pI beli:vz,rgzzsdwt}«lplgi]these 2 eidently

7. So far as it is possible for a non
; as 1t -expert to f
:ullzjocil:, my opinion is that the cracking is duepeither tomt‘lhne 22;)0
alsl t% é) f.t:&:(’tf lt)ﬁmlg good enough to stand the wrenching to which they are suh:
e of the longitudinal expansion and contraction of the tubeSyeveiys:iEiec:]‘;d
e the

engines are fired up or washed out, or else : :
seems to me that what happens is 2 ;Oﬁ:;:l;li the design of the staying is faulty. 1t

pinion on so special g
per of these paprtimlar

(a) Owing to the shortness, 2" ¥ i v
8 fo 47, of the stays conneoting ’t?let:i (fex; 9:1111]((11 tttl;cf(hlikﬁles& 1”, and the close pitch,
the lower half of the copper tube plate, to th; steel bui({er -ﬁ ﬁopﬁet fire -box and also
expansion and cont.ractiqn between th,em. The effect chrSfo’r; :ﬁliz Izlt'?fe relatiYe
their temperature 1s chiefly to set up internal stresses in the metal, st 1~ i
these particular plates are evidently capable of sustaining without in i S K
24 Sidfb)l]?,xcept 1n 80 far as it is held rigid by the short thick sta)'!s ?éar the t
s plates, there is room for relative expansion to occur between the con g
plate and ’ckie steel shell, because its long 18 inch stays can bend to a oertgxli)per b
(¢) The upward expansion of at least the middle part of the tube llja:Xtefnt.
the belly stays upwards, is provided for by the.adoption, for the front tw}rjo re, . of
crown stays, of expansion or stirrup stays. These canuot, however, do mucﬁms ch
near the sides of the tube plate, because here it is held rigiély by the side latesg~ood
their short side stays. Looking in through the wash-oat hole I could seeI;hat ty
matter of fact, the iucrustation at the expansion place of the end stays in the z;s -
expansion rows was not broken, showing that here at least they had not been actinr‘fo
(@) The wrenching and buckling which has caused the cracks is not apparentl
_due so much _to movements of the side ] lates of the fire-box as to the expuﬁgon an?ir
contraction of the 214 tubes, or rather to the rel1tive expansion aud contraction between

,~ —ghem and the cylindrical steel shell of the boiler containing them. This relative

"l‘t_"“ RS oy ’l‘ﬂ»"(_ 24" A i
’ éa it ot
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ment is due to the greater temperature, as well as the higher co-efficient of
expansion, of the brass tubes as compared with the steel shell. The effect of this
difference of temperature might exhibit itself (1) in protruding and withdrawing the
forward ends of the tubes in the smoke-box tube plate if they were loose; (2) in the
sagging of the tubes if they could bend ; (3) in internal stresses throughout the tubes
if both ends are rigidly fixed and if they cannot sag; (4) in bending and buckling
the tube, plates. All these effects may perhaps to a lesser or greater extent take
he tightening up of the forward ends of the tubes in the smoke-box tube

move

e

impossible. \
8. The greatest effect of the unequal expansions and contractions to which the

arts of the boiler are subject must, apparently, be sought for in the bending and
buckling of the fire-box tube plate just around the group of tubes. This effect can
only be resisted by the highest quality of material ; and if it 1s found that one set of
lates fails and other sets do not fail, the deduction is that the thickness of plate or
the breadth of the bridges or the quality of the copper, or all three, are unequal to the
work required of them, This opinion I offer with diffidence, not being a locomotive

expert.

4 9 T now come to the measures which are being adopted to patch up the
cracks'. The holes are being hored out and screwed, and taper screwed ferrules are
being inserted In the screwed holes, and in these ferrules the tubes are being fixed as
before. All that this treatment can do is to h.elp to get the crack c_alked by shortening
' * 1d to enable the tube to be ferruled tight without enlarging the crack. But
it up, anc in no way strengthens the plate to treat it like this.

sen done, and 1t
the damage has been done, It may be good enough practice for a

indn: aid it is the usual practice, _ -
ﬂnoip gl Egg“ﬁg ?or ten or twelve cracked bridges all in a row it seems to me that the
5 p)

) om0, and that the only right thing is to take out the plate

cure 18 ;0:::;};2”83"16 I:Eieﬁlcé hnew one, selling the old one as old copper. ¥

as 5033 [ recommend that the East Coast Railway get out a new lot of plates, and
0. SR Particulur olass of weakness exhibits itself n future a new plate

that as goond It seems to me that the patchwork process for this particular class of

be substituted. merest makeshift, and a costly makeshift at that, and

Zgry etxtené‘;lgf oy the fire-box going for a comparatively short

at at mos J

mileage.

11. In order to set at rest ttlu?b un8
long strips for tes’clngl. bﬁqizz 0\31,’1(&? have not failed ; also similar ‘strips from old tube
and oi:her.strlpil neah It};e‘y may have gone 1n other ways, have not failed in this
Platgs whieh, t Ol“gd ise that these test pieces be g;e_nt to b_e tested for strength and
particular way. 1 8dv to the Madras Civil Engincering College, where

e icall : :
dPuc?hty’ ﬁn%hiltiirt‘é}iim g:;s};’n the 100 ton machine of the College may be trusted
rofessor A. U
to be thorough. hs. I have had an opportuni i
‘ i aragraphs pportunity of searching for
12. Since writing the above parag f the Lust. C. E., and find the subject trfated

Sin , f Proceedings 0 1 ‘
information iu the VOl‘“};g;O where the author of a foreign article says: “ Cracks in
‘ b/

of in Vol. LX at page »s and side plates are assisted by the bellying outwards
the corners betweeD ;g;ethlatinternal pressure, and by the expansive force of the tubes,
of the tube plates ‘;'orm sracks round the tube ends.” At page 125 of Vol. LXXXI,
whish also tends 10 11 says that, With regard to the amount of expansion of brass
Mr. J. A. F. Aspln:e am pressure he had found, in trying a boiler over a length of 9 3",
tubes when uudgr g :nch, and that the tubes in a length of 10’ 4” expanded about 7
that it expande bzf laced in a stuffing box at the smoke-box end expanded % inch
inghd a{l@ on'e tﬁ wi?mg that the tubes would, if they were allowed, expand something
in addmon”, 8 Aot % 87 of the same volume Mr. W. S. Stroudley said that the
P S.C. Ry. is that « when brass tubes are used they are bent

so that the expansion may not force

like 5 inch.. 13. and

ractice o1 31: :;n tre to about thetr own diameter, 8O : 0
upwards aoh the plate and cause leakage ; this has been found a very efficient
the tubegof;h’&eg] eakage of tubes. When iron or steel tubes are used, the differential

remedy

failure is only the
" bbe expected to keep

estion of the quality of the copper, I advise that
awing not by chipping, near the failed places,

by the use of the dudgeon-roller would,.Lehea-].d-judga, make forward mwemea-y B /‘

TR o ATy N Yl s U T AT

|
|
|
|




wever, '}fft ; | R AL i 2 1‘;;3:’
At page 162 of . B s e B e BEe
referred merely Ren o 15 S ek BN A Tt At
about 1 inch, and to e R R S R st 7 Fanr o
¥ this means the tubes we xpand a little, if n 4
the way in which the gzke-box ends of the
tubes are fixed, but | doub

t very much whether they can
under modern high pressures. Much usefql inf,
> ‘

el Fy o Rt vy P Ty idle e s '} " L Y

Mr

being appropriate for this place
ce is gegxibility, so as to allow

outer ring of tubes,

vard

= man,

t Co: Y compound
, f using slightly bent tubes, the
a semi-diameter, care being taken that the
of removing at least one, and possibly two, of the
vays, ;f i;ourse, assuming that it turns out that it

at fault, :

, RN ) SPRING, w115, _
- 2nd Feb, 1898, ' + Senior Govt. Inspr. of Railways, Madras,

OrpER—No, _ - Februg

 Ordered that a opy of the above report be forwarded fo g

India in continuation of G.0., No. 20 R., dated 4th February 1893,

(A [Here enter No. fdated F, ehrﬂm-z 1898.]
(True Extract.) '

g \L ' FRANCIS J. g, S.PR]NG",

| 4 - Joint 8‘ebreta.ry,
To the Consultin Engineer for Railways, © }
ok Mmger,gEast Coast Railway. /“:

deelmnent of

— —

:‘February 1898.
Forwarded,

sy (B order.) .

Enongxmr—N o. R; dated
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