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{Part Y, contid) =

Ghamical Avalyning

()

The results of chomlceal analysils of the three

steel plates, end thelr specified chemicol composltion,
are glvepn in Table T.

TABLIE 1.
e DU N SN
Specifiod, Top C@naf "Hottom
Ved, AT Sacitlon Section gecblon

~  Par (Cenh -

Carbon S 0,800,458 0,4l 0,59 059
anganase “ L. 00 mawx, 0.56 0. 56 0,58
Silicon - 0,L0/0 .58 0,21 0.2% 0,21
Pheoaphorug - 0,06 man, 0,082 0,088 0,022
Sulphue - 0,086 max, 0,034 0,054 0,054
Niclol® - 1,00 max, 0,89 0,89 0,52
Chromivm - - O¢13 0013 0.4
Molybdeoum - o o CLLd 0,4 0,13
Venadium - o en NiL. milo Nk,

©
Opbional,

Mechandcal Proparties:

PR

e &

- Tensile and Izod impest tests were mede ox longl-

e i

tudinal and trengvarse specimens cuu from each plabe.
Teonalile btests on transverse sectlouns were carried out oo miarve
T 3

specinens on the Hounsfield bvensometer. The resulis of all

;e

fed acceptance valves

for heat-treated tubes, are gilven in Table II.
b o}

(Tabla 1T follows,)
( )
{___on Poge 4, )
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2ot U, conbvd) -

Piscusalon of Besulta:

Choemieal Analysis -

The chemical compealtion of the Three plates ia

gults uadfoem and Cfalls within the range apeciiled for

‘h

K+ Y.

shen Steandard Hpecificatlon V,4.AML steesl. The smound

L—::

of ehromivm and melybdenum found is rvesidual and probably
nrlginated in the ascrap. Thess elemenis would btend o
Tmprove the stheal and are oW comﬂid@wéd harmfui; The Llow
aulphor end phosphorus contents of the mebal indicate that
the sheel was properiy made,

Maowro-h Aaunimmn,om

The neepro-ezeminatlion showed that the sitesl
vegarvolr had been made from sound metal.

Maghanical Propertles

2

The results of mechanical tests on longliudinal
and trapgverese tenalle specimens abow the steel to have
falvrly walform properties., The Izod impact wvaluss veorled
conaiderably. However, only one test wesult was Less then
the minimum acceptance value for tubes in the heosteireated

condilsion,

floroal .UGLHWO -

2 |

The atesla wore all falrly eiaa&o an indication
that the steel was properiy made. Thoe atrueture is typleal
of an oil-guenched and tempored stesl. Some forriite wag
cbsarved et the grain boundaries on one saction of the steel
vialeh hed a low lmpact velue. The presence of fsrrite slong

3

the graln bounderies Indicates that this sechion of the

reservoly was not guenched fast enough to retain the Fered e

in solution, This accounta Ffor the low lwmpact valuse obltained

on this spoclmen.




Page 9 -
(Part I, heballurglical laminatlon, concluded) -

Concluglons from i

L. The ateel was properly made and had the
specified chemical compesitlon and tenslle properties,
2, The lmpact strength of the material was {found

to vary considerably,

D

’,

@, The lrregular lmpact valuss are due to di¥ferenceos
ingtructues off the atael, caused by varfabions in the cooliuvg
rate In bhe heabd treatment,
4. The low lmpeach value obieined on one gaction
would not account For the failure encounsered in the
hydraulic teatb,

2. Prom the resulis of this moballurglceal examin-

ation 1t 1s concluded that the stesl mests all the speeified

requiremants foce alpy resarvolrs,

Reszmmaoins

Introduchion:

Full particulars of the origln of thils investlgebion
arve glven Ian Peoelb T.  In brief, the compreassd alr reasrvelr
concerned, & steal cylinder about 90 inches long and L0%
Inchen In dlamster, was stabted to have falled to pass the
proving test, This btest was carried oub in accordance with
Canadlan Apny Local Electrical and Mechenlcal Engluesers
“Instructlon, Apwament X141l (CG.A.), whiech specifies the gradual
applicatlion of Internal hydraulic pressurs up Lo a certain
value, and the meaguremant of th& maxlmun and residual
axponsion, The residuel expsnalion must not exceed 10 per
gont of the wmaxwlmoun.

In the proving test on the cylinder supplied, tha

G?fiud test pressure of 5,800 p.a.l. was not reached.

(Continued on next page)
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(Part IT, Introduction, conbtid) -

al

The Heon®t was discontinusd at & pressure of 5,200 p.s.l, dua
o the excesslive incerease in the level of the water pauge,
used Ho measura the volume expansgion. As & result of ihims
test the reservolr was condeomnsd,

Samplaﬁ ware cuh from theee positlons in the
eylinder wall and submltted for wmevallurgleal examlnatlong
whe results of thess tests are contained ia Part I, Thias

section, Part IT, plves an-approximate stress analyais

mwnder working conditions sond under the actual teat conditlions.

fed:

g -

Informatlion Supn

-

Date of manufacture of c¢ylinder - Jan, 8, 1940

(2R Bxternal dlameter ~ 10,5 Tin,
(25 Internal diemeter - ©,125 in.
() dall thickness o O, 66875 1n,

Qwerall lenghh - 20.0 in,
(1) Parallel length - 76,5 in.

(P : dorking presgureg - 5,500 pe.aal.
(Pg) Wormal Besbing pressurs - 5,600 p.s.i.
{pa) detusl &epslied pressurd -~ 5,200 p.s.l,
(h.,) Helght of water level under

5 .
PRSA’UYES Dg o &8 im,
{(he) Helght of water level after
relegae of pragsure pa -~ 12,8 in,
Internel diawmeter of wabter
' gauge tuba < 0.797 L 0,015 in.

s

Stregs Analyalas

1L the walls of o vessel are relatively bthin
(less than aboub one~tenth of the radius), the 16ngiﬁudin&l
and clrecumferentiel stresses ars practleally uniform in the
parallel sectlon threoughout the thickness of the wall, and
the radial stress can be Lgnored. I the wall thilclkness 18
more than about one-tenth of the radiua, the longlitudinal
and clrevmferential stresses are not unifomm throughoub

the wall thickuness, and the radial stress cannot be




- = Page 11 -
{(Part I1, Stress Anslysis, contrd)
L

congldered negligible, In the case of the cyliunder aubmitved,
the dlmensiong are suveh that 1% lies just over ithe borndar
s 3 .

Line hetwoeen thin and thick vessela,

o L GBYE . 1
i ETEH ToE

The formules established for the maximum Longde

tudinel, circunferaniiel and radial stressss v a thick

vasrsal wnder vwnilform internal pr

easure are glven below:

né

i1

) B

ftudinal stress, 8o
{uniform)

Gircumfereatial stress, 8 = p . RR 4 gl A ¢
. ﬁ?; - :g_‘f'a
{rnaximum 2t inner sunfece)
Radial stress, Bn = - 7 e o o L8}

{(maximum ot ioner surface)

R where » = internal

&

pPrasaurs,

v Subatituting the actual values of r and T in
the sbave eguationg, we obtaln .
L]
Sy = 7,17 p o o o L4}
82 = .09 p e & o {5)
RE = -~ R N <Y

Al

The conditlons of ylelding for dustile meteals ceany

within errora of adbouh 3 per canb, be expressed by the equatlon

p "Dﬂ $ 3.} nw v

{Sl o Sg)a 4 {.Sg - Slz‘i)“ + \‘823 - Sl)K = ,“S 0 s O.Q-‘(}
suggested by R, von Mises end H, Hencky. In egnatlon {77,

Sy 18 the yield stress of the material in pure Genalon.

o

This equation may be applied Lo the strasess

developad ab the inmer surface; substlouting the vaeluwes obtalned

K

kY

in (4}, (8) end (8) gives
SQ = 700'7 3] PR {8}
Therefore, under the various presaure conditleons, Ll
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Atress Analysis, conb'd) -

a

equivelant yield siresgses ave as rollows:
Working pressura, pg ® 5,000 p.s.i.; 8o = 24,800 p.s. L,
Normal test pressure, pp = 5,600 p.s.i.; So = 89,600 p.s.d.
» B 9 I 5 w0 b J

Acvuel applied
presanra, pa = 9,200 p.s.i.g Sp = 36,800 posd,

Strein Analvsis: -
An approximate analyesis was alse cawrrisd out o

check the elastlc deformmation of the cylinder ceporved in the

]

dua 0 a

Swat

proving test. The ochange in outer radiuve (R
pragaure (p)

= A B

« p o, B ( m®

Ay e (:: = A ) o o
1 { B/” - 3?8 ('f ,;/))} )

whore B = wmodulus of elastlcity
S Polsson's ratio.

)
il
LS

n Iabfaoif)

L

Asguming a valus of 30 % 108 for B, and 0.3 fowfmp

we obtaln

AR = 0,92 p x 10°8 o o o (20)
T vhe actuel test the applied preasure was

5,200 p.s.l., plving

A R o= 0,0048 in, o« o (3L

Negloecting the ondas of the eylinder, the calco

lated increase in volumwe is gilven approximately hy

LK QWER 1 0,0048 = 12,1 in.o o o a

o
}«J
n
EA%,

st

Sines the internal diameter of the gisnsgssg tubhs of

F o
<

the wabter gauge was 0,797 in,, coprrespondlng to an arsa o

. £y it o . W . . .
Q.5 in,*, the eguivalenit heighd of the water column should

he 2435 in, The vegorded change in belght was 38 - L2,5 =

25% In,, whilch egrees reasonably woll with the ealculated




Analyaia,

Gencluslons. from Part X3

1. ‘The obhservsd

in tensile tegbs on semples

3

gylinder,

eguivalent yield stiess ab

the strength

. The recorded

yilaoder sgreed well with the

A

From the

oy
@
3
e
Smert

yisld stress

guonitvted Lrom
wore consldersbly greater th
the inner surface

[oRS ("’]‘"‘ 177

alagtic

concluded) -

valussa, obtained

the faulty
an the caleculatad

TThis ingl-

tisg of ths stoeel were

dﬂformahﬂcd of the

avproximnete valua calouleted

soretical considerations

on Jpuse QL F&“Auﬁﬁo

1acusasion

results of the

carriad out in accordance wit

aff Mechanlcal nginesering, D

Army, have not shown any obv

this particuisr stesl aylind

gtress, o0 the bewls of the

that the shesl used could he

he purpose. There would ap

c &
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Ly A

v callizsed
in the fommlng epsraitlong
submitted wvarded from 0.6
i) f“{‘u»?; 0. 6870

nominal velue

{2) An unde

paar o be

matallurgical exemination

s the regueat of the Direstor

gpartment of Netional Defence,

fous cause for the fallure of

ar

« A briel snalyals of the

nominal dimensions, indicates

conaideread satiafactoary for

two poaalibls explans-

raduction In wall Lthickness

mangﬁwmma ta on the gamples

¥75 ineh to 0,708 inck, the

> Anch,

teched fault in the oylinder teasting

apparatug, suveb ss, say, a lealkage of oll Into the waler
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