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The following extract from ,  a letter received on 

AprIl 3rd, 1943 (File No. NS 29-59-4/1 FD2115)„ from A/Lt. 

Cdro  J 0  R. Millard e  Senior TechnIcdan, Tochnioal D:Lvislon, 

Department of National Defence e  Naval. Service, Ottawa, 

Ontario, explains the origin. of the samples investigatedg 

"There have bem forwarded to your laboratory 
sample Mild Steel C;)upons Wtich were cut from defective 
shipss Plate, D.OdS.C.O. Meat.No. C565-072-2, and which 
were incorporated  'in  plates marked 0 0 F 0 13 0 -6 and 0 0 F.B 0 -7 0  

The plates showed no visible signs of fracture 
until riveting had coirmlinc. The  main  crack in 0.F,13.7 
extended 3e0" In length, and in  0 0 F 0 B.-6 extended loe 
in length. The fractures occurred In severe weather, 
the temperature beine in the neighbourhood of -200  F. 

Al].  sample coupons forwarded to you are marked with 
plate numbe r  as well as coupon number s, with the exception  
of one »  Which  Is marked 9 XX.„ sXX' Is a plate which 
anhibited no signs of failtœe„ and was forwarded for 
purposes of comparison o n  

Oble ct_ of 

It was requested that a report 'on possible  reason 

for failure be prepared, 
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• Ciemical Analysis 	 • _ 

Drillings from two of the Plates were chemically 

analysed, with the following restiltag 

Carbon 
Manganese 
'Silicon 
Phosphorus 
Sulphur • 

› Wickol 
Chromium 
Aluminium 

•Physical Examinationu 

Plate No. 
1,XX 

Per -

T 

0,52 
•Creme, 
0.020 
j0.055 
0 0 027 
'yrace. 
10,008. 

Plate No. 
0 F 

cent - 

0.33 
0.52 
Trace. 
0.037 

- 0.055 
0.023 
Trace. 
0.008 

The hardness of the plaltes was determined by the 

Vickers method. Those readings, itaken through the thickness 

of the plates »  showed that the Plate 0 0 F 0 B 0 -6 varied in 

hardness slightly from face to face »  Plate 0.F 0 B 0 -7 was 

uhiforme  and Plate XX had a centre region harder than the 

material near the•two faces. 

Mate . 

. 0.F.B.-6 
0.F.B.-7 
XX 

V.H.N. 

.140 to 153 0 
. 	• 	157 
158 edge%.187 centre. 

e.,ac• 

Material>frorn Plates On0 F 0 B.-6  and 0 0 F 0 B 0 -7 (which 
• 

wdre respéctiVely  032.0 and 0.332 inch  thick) passed a bend , 
1 

test conducted in accordance withelause 4 e  Page 12 e  of 

'Specification for a Destroyer 'Tribal Class , ." In this' 

case a 14-inch Strip frem each plte was bent double r  in an 

Arnold)? Universal testing machine, crsir an.0.958-incb.diameter. 

bar. 

Since the plate was not 'r,:hick enough to permit . 	 . , i 
removal ,of full-sized Oharpy-type pars e  substandard specimens 

1 • 1 	 . 1 	. 	 . 
i 

. 	1 i . 	. 	 . . 	. 	 . 
! 



Substandard °harpy 
Standard Charpy 

18„5 
.23 

15 13 
10 
4 
3 

6 
2  

4 
2 

21 
15,5 

4), 
4 

Room 
30° Fahrenheit - 
-5° - 
-2CP 	?e 

Page - 

(Physical Examina.tio 	cent d) 

10 mm„ wide and 0,300 nch thick, with V notches 0,060 Inch 

deep parallel to the I.0 im,, face were machined, In ordor to 

t Saffle Information or h'..m values obtained with similar 

banscompared with vulues obtained. from a standard Charpj bizr . 

 (10 mm, square with notch 2 rm, deep ) p  a bar of each type 1ms 

machined  front a mIld steel rod containing 0„27 per cent caebon, 

0,71 per cent manganesa aad 0,25 per cent silicon, 

spedlmens gave the followIng values c,)!• test 

Breaking Load e 
 Foot Pounds 

rrtl. 

The following resulto were obtained on substandard 

specimens machined along and across the direction of rolling 

front  Plate XX •  and the A-3 section. of Plate 0,F 0 F3 0 -7 0 	ea" 

c old- t e mp r a tu:i? o tests he bar 	ore held a t tentperatuxe  for  

$0 minutes 

Temperature at 
which tested 

_ _ , ___aueaking_Load.,e_Foo Ëounds 	.. 
Plate no,.  -4x.. -  - - . Wit`t.T1i5"-Fir'-r: ,̀Y . _4.-_____-...2-2......A....- 
Along 	ACPOSS 	Arong 	Kcross 

Rolli-v).. , I•19111 S 	Foiling . Roiling 

Bars 10.mm, wide and 20 mm„ wide e  0 0 300 Inch thicke  

with. notche 0,060 inch deep parallel to the 0,300 inch face, 

were machined lengthmise front each plate 

temperature,, 

and broken at room 

' (Continued on net page) 
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^..;itlE!, - v C3, Ple.tEJ Xf,5^

doajd Foot Po -unds

tY

0 ^{
..-^^1.

..1::a,.^ ..-^ .:, • ^ ^

10 ïrurio LvîdF
20 mm,

^-
:LIl:O 164

n ë^7.1. of the ^a'ksO: a -Le„-c,s bars wc3re rrsf-,ed. on

supports 50. irur^a apax•9:, (Yla^;l,.,. i'ac:i.rx ,iway frcirrz c^. ^.rcc ^.^ an of

impact) and wliGh' a -Larn. ;::. hammer a. V hea.dt,

wiestn. f ox°lLgre^,j;x:Suscept%b 1ity

Samples from Plates XX r3. 0qP,Ba-`ï were wa.tcar-

quanclled f°rar:a 12551 F,, • Zb.a hardnass rasu-Its were

aIr ;81xa0c1 from t}-Je :re 80-Tnp10.0;
•.

^.^.^.:.C'SïC^ 'L^7a^ Plat e ^no

^^.,...xX. 0 ^ I"' " B `ô

As quenched 175 t73.92
a.^. _

1.75
.W-i: ^ r air , age3.n-

."c,r 12 d€-ty-9 Z..0 to 223 :1.9£'3

P;t:îc:r°ra:rtructure;

' S pac3_mQnb for the m-.Icrod,copn were preparec3. from

Plate X.X. and from Plate 0,F', r3„ -''T ,, Bca r,h plates had a normal

izod structure f;hai, ^nsrp, s, px'•a?.}ab 1Y c.,bi;t.O.ned by c;caoling. tb.(,,,

plates in air frorri the apx:rai,:LanQ

Bath plates had ff)rx^_Lte^ uar.zc.ung present in s:L1T1â.3.Fj'r.^

o.maun t S ,

Both of :{;X and 0;F',D,,-7 Wer. c3 seari: to have a

s'i. fr'^l'J iJf pvtt:"dai3J.7.::C2€,).'1,1'üI. f 1, i.tri'ûih. £iC7I71fJ grains 2 to, t1 'r,S.:^te;Y."F

a IHaquaid-Ehn test (pack-=yca.,z^1.3ur.4.'G,ecl 0 hours at 17001 1^ ^ E. slow-

cool) o

i
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Discussion of Results 
C.• 

Chemical analysis Wsults of failed and satisfactory 

plates showed t'fiat apparently therø were no differences In 

composition that could. account for variations in service. 

parformance o  

The bond test ahowed that the ductility of the 

two plates which cracked in Y.dveting conformed to specifica-

tion  standard.' o  

Impact toste over a range of temperatures indicatcid 

a very marked drop in ...mpact strength at cold or sub-zero 

temperat•res °  The low-tomparat .Lre Lmpact strength of the 

plate which oracked e  howevere slightly bettnr than that 

of the une which performed satisfactorily (Plato XX) 0  The 

lower impact strength of Plate XX was probably caused by the 

comparatively hard zone in the centre of its cross-section °  

Tests with single and double width Charpy-type bars 

indicate that the steel in both the cracked and the satis-

factory plates was not notchsii.A. ,  

The rise in hardneas after the 1255° F o  ouench 

showed that both plates were suceptible to quench ageing 

and„ by Inference e  to strain ag2ing ,,  The chemleal contents 

of the two plates, however e  wer so similar that strain-ageins 

propensities of good and bad plates would be-expected to be of 

the same order °  For tt.i. reason and because of other outstand-

ing trends apparent, the possibility that ageing was a large 

factor in the failure of Plates 0 0 F 0 B,-6 and O o F„1-3 0 -7 is 

discounted °  

Microscopic (,z&mination revealed no eeat differenc::-) 

between Plate XX and :Elate 0,F 0  B 0 -7, Both plates were ruther 

coarse-grained° 
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CONCLUSION  S 

It is fait  that the low-cold-temfaerature impac t . 

 strength of Plate 0 0 1'1 0 13,-7 caused it to fall when it was: 

riveted at minus 20° F o • The fact that Plate XX did not fall 

weUld seem to indicate that it was:riveted on :a Warmr day . 

• or that the:riveting operation was:not so severe, 

" 	. 	,An earlier report (Report of Investigation flQ  

1373i:March 22nd »  1943) covered the examination of a sample 

of ship 9 s plate which was reported to have cracked during 

the punching operation, The conclusion  in  that report was 

that the punching Operation Which caused failure must have. . 

been unusually severe, it has sinco been stated that the • 

plate adtually had cracked during rIvoting. In that'caso »  

'-since riveting may have been dene outdoors in severe weather » 

 failure also may have resulted because the cold steel lacked 

eufficient strength to withstand trapact streSSeC Imposed on 

:riveting :0 

. Plain carbon steels generally have poor low • 

temperature  Impact  properties »  and allowances must be made 

for this in  fabrication, Low-tmnporature  impact  properties 

•of these stoels 0  however »  can  be improved by : centrolling 

steel doexidation:practice so that•a fine-grained steel is 

produced, 

Should improved impact properties at low temperatur c ! 

be desired in these steels »  a fine.grain-size requirement 

.should be introduced:into the bP0 01 fIcation0 

Tho trouble might be overcome more simply by taking 

care to avoid fabrication at  lot  temperaturep 
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