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21• Rolled -
HoMgenr:ieiu" AI"l!Or Shock TP-1.ted wi tt 105u TS iroot Project.nu 

. . tri. 

~ A metaJ.lurt:i c~l exd.lflinatic~ hai · ~e:1 c'>flll)leted. on two 2!/ thick 
rolled horuot-~••meouc :ind fo..ll' 2w··thlek cast a.rmor plate• whieh had 
beE<n t.ethl witb 1c5mm TS ;,roof prc,~'ecttle,. In tf~beral, good corre
lationa wert tr.tabltsb~d between bAlliat1c shock prop~rtie& and 
mete.lh1r~kuJ. prop,;,,rt 1 o;, namr.ly, the frRcture test and V-notc:h Charp7 
impact eneru ,uluoi.. ~ Te>.ID J.i flr b?'Htlt>nCJlit was detected lr. three of the 
ca.stints, t....-o of wh ich il.at. !ailed the shock teat. ·, 

1. At tl:o re'iu.est of tr.e Ord.nc.nce P.e ~e~ch Center, Abt1rteeu,l 111titallur
gical ex.am111..11,tior. hns btieir. coi:npleted or. two ~" th i ck rollijd bomot;;eneou1 and 
fow· 2 11 thi.c~ catt armor plate-a which haci b£ion tested with 105mm TS prcot pro
ject1leg in order to co~pa.I'• ballistic sr.oc~ propert1ea vitb metallurgical 
properti es . 

1~ . '/--r.c.,tch Chn.rpy impact tuts. 

a. Trn~ile te,ta. 

f, Micro&.!Opic uxwnir~at.ion. 

---- - ·---------------------------
1. 
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3. Tho r"aults of the raetallurgical ex-8Jllination are ghen in detail 
a• follow,, 

a. £!ie~hHtl c..nalj se Ii. 

Chemical analyses of the seriea of plates teated are given in 
Table I. 

b. Fre.~ture test for steel soundneu a.n<l fibre chara.cti!rhtic1. 

Fracture tests were .11o.de on notched 1ection, t.n~ the ateele 
·"ere ratec w\ t.h respect to eteel aoundneu &rod fibu for :-€1vealin& re •ponae to 
heat treata1€'nt. The- atul souncil:.eu ot saaple !lo. SSS2070.,1Kl was aat1a!actori'• 
A :t,.t"Ono'l.mced lam!nat ior. of •D" ste t1 l oO'I..Ddneu rating was present in the trane• 
TerH aec.t!on of sample No. sss2oe2~-lTl. J. alight dtgree of •wood1Dn1• we• 
not,~ in botb of the rollad ~l~tG5. These plat•• aleo fractured in a fibrou1 
manner. J.• noted in Table Ill the fracture o! the caat plates wh1ob were imeat
h!actory under the ball ilt.ie shock i.ets dhpla1ed r~ fibro~• matrix with 
s~att~rE'c crystal lln tty diatr,1buttJ~ tt:.:-cughout the u ~.t ton. The ao.t ts factory 
cast plat6t had a fibrous fracture althou~ the center of tlle eect10n1 ezhi'bited 
ahr inka,ee • 17 g a f t 1 f J 1 t I t t t l I 11 1 1 t I f , ~ a 

c . 13rln~ll Lartl.cea, toat1. 

Cross-cect1onal Brinell hard-~6~s te1t1. which were made on 1ur
fa.ce ground specimna, are tabulate,i in T&bl~ II. Tho :Brlnell hardntu raadiag1 
acrr.>'!e the section w~:re relat.hely uniform. lloweur, read!nca made at Watertown 
A!'1H•nal wert, 11c-11e,..ht.. t higher tiu:an thcef!I rt-ported by thfl lll\Ilufa.cturer,, espe0ial17 
in tte case of 1N11ple No. 001750, ~her ~ the ITll&nU!&cturer reportea a hardne11 
34 potnt& lo-..£11' thE.D tr.at obtf.\iM& at Wat9rtowr. usenal. 

Teatl vere made on st:lllc~li.Td \'··notch Charp1 be.re in the nae-received• 
condl tion . Afl~ nfter rett11!tper 1ng. The "aa·•rt,('.e1nd" Charpy bar& were eut from 
position, r.e!f.l" th• 1u.rfac.- and at tr-.~ cer:.t.er of thl" sections, the retempered 
im.-&.et barf.' !rom h£lfv1e.y 'botween t,t('I ITTll'!ace 1.1.lld the c enter. Speoimim1 from 
both a~ts wus- brrilten at +70°F w-id Eit -40°1. A 1t:1.tllfactory ~crrelatlon Wal 

obtatuee. b~tiween the V-notch Cha.rpy- !1r1pact •,ei;ta and the bellht1c eh.ock tff11t1. 
$s.mplt, No. s::s:-082-lTl wl:i~h sct1sfnctl'rHy resieted the ba.llhtic shock teet 
had con sic erablf higher V-notch im.p::l.ct en.erQ v&l1.U11 than 1&mple No. 3S32070-00 
which f~iled tlo stock teat. The r elatively l ow V-notch Cha.rpy val;aa ot plate 
No. SSS2070-l.Ml f>btAined at tbe Gurface intH~ate(! that the material vaa improp•· 
ul;- heat tr@ated . Th1a was not rah j i.ly revealed 'by the impact tests l!'~de on 
thf) ~enter cect i oni; o! tbe plates becauBe of the _preaence of segregated non• 
m€lt.allio inclu,.don, which influence tbe type of fracture. lt t• beliend that 
th~ pres~~c~ of th~ nonmetallic inclusions in the midsection of this -plate 
incre-.•ed the V-not ::: r. Che.rpy v~lue. It waa also l"l":-~rved tbat there were no 
marlu,d d.!rectior,al proi,erties 1n tl:e two rolledp~tu 101 • .SSS2070·Ull and 
SSS20S2-1Tl. Ct.at plates No 11. GSl 7:,0 a.nd SGL26 which h.i.d poor shock reii1tance 

- 2 -



wider the i mj)ac ts of the pr :,o! projectUes hud lo\f impact en~rgy values at -4o•r. 
J:pon retem:p~1·lni; t r, ea13 tecti on11 at 117'.) 01 for 1 hour aDd 'Jahr quenchin~ the 
v-nl·1,H ~ t -40 "'.ii' inc1·•1.ised conc1dera.bl.Y tndicu.tlng that the mat-3rial vaa temper 
~rittls. However, ,i.: ..... .i:>le io. 061753 ... hich paued the shock test va.1 alao temper 
br it n,. p -.o resulto also i!lc. icah nat. w~en the meta.l at the sur:f'ace o! araor 
has ~cc:)d ra~lsta.uce b !!llpa-:-~ as 11ea1uritd by V-notch impact tests, the ball11t1e 
1ho\!~ :i,n·ap,:,r-t i.oa. .:u; e au t 1a!: .. c -:ory, even thoU&h the center sec Hone of the 1ame 
pl.:1t ;, 1 havu re:sti ·,~ly _poor shock propertiell, Siuce ba.111at1c failure ii almoat 
o.lwc.:,a i nt t1s.teli al the plats sll.l"f~~,,a, it h reo.BO!\able to expect that the aur
fta.ce _propertiu !!lflY, t~ a great extent, dotl'r!AibtJ tho ball ht ic char&cterhtica 
-:>f t ::.e ar!UrJr. l:t1t1.:1. on i 1•1pact anerc:',;y 'l'aluea obtalnud fro111 the1e t ,,a ta are t.ub-.:.lattd 
1,1 T~bl~ Ill. 

'l'en'ltlfl burs .-ere machin~i from aectiono locu.tGd hal!·~ bet·,,oen 
t:1e s1ll':·ace !.i:i •.i thti center of the custlncs • .Longitud1nel and treu11Jv.arae tenail• 
t e~ t bars in tao rolle~ plat6e were 11acbined frOQ a eis1la.r locatton to tho11 
ot~~'. oed froffi tbe caa t pl~tea. The r•~ulta o! the te&t1 are given 1A tabla IV. 
NJ ~c rrelat iou w,,.,; -1ppal'on t bct...-een the teueib tee ta and balliatle 1mp,_ct. 
...irupert1ea. Morc.:>ver, thue tuts 1.nd.:\eated that the rolled .Platea wort unifora-
11 crosa rolled aa t he r~ was no pronounced dl!ferenoe noted between the ductil
ity of t he lonl 1tu.l!1nnl and transv~rae 1amplu .. 

t. Micro scopic exAmtnati~n • 

.Photcmi-:ro6rapha Ulustra ting the typical microatructures of the 
oamplt3 a.re shown 1n Figure 1. lo marked aegregat1on of norunetallic 1nclua1oR• 
was doted ad in the ae ,; t t c,ns of the ea& t r,latu inveatieated. The center of 
the aections of rolled platea,Hoa. SSS2070-·00 and sss20s2-1n eontained more 
tine sil1~ats in~luaiono, (frequentl7 found 1n steels exhibiting •voo4T1 trao
tur~s) than near the su.rface. The miorostructure of rolled plate1,ln1. 
SS~207C-lJU and SSS20o2- 1Tl conaiated of a coarae acieula.r 1tructure whloh •• 
charaehristlc ot both surface and center. The micro1tru1tv• of cast plntu 1 

Noa. Gv1750 and GS1753 consisted o! a uniform d1otr1but1on of fin• carbides. 
Flne .-:1:>bubr cw-bldes wore·pruent in the :nierostruct'l?e of aam_pb Ho. 
SG- l i03 wh !.le u fairly uniform dhtr1'bution of fine carbides was present in 
D3Jll~l• No. SJ L26, 

4. In g,rner&.l. corul!ltiona w•re established b~tweeD balUst le shock 
properties and raet.!ll111rgkal propi,rtlea. na.mol1, the tractur~ teat a.nd V-notoh 
Cb.ur~y iur9act valu.e c, It was further determined that 1ati1factory shock 
propertie• can be ob~~lned on plate• having a fairl.1 high V-notch Charp7 1Mpaot 
enera valuti at th• surface although the center aeation o! thu aame plate• 
may hav~ a relatively low impact •alue. No eorrelatlon was eT1dent be~ween . 
the tensile teats and shock ~roperties. The 0~1t 1ampl1e were heat treated to 
tLn av'lrr.ge :Br 1n&ll ha.rdneu range of 243-293. The rolled plates had a.n &Yer&&• . 

.- .-- .-;---:- ' - .. . .. . . 
. 

--. . - . ,- . ~ · . . -. r . ... - ,.--:-



Bri.nell hardneea of 212-274. The mieroetruct'..U'as of the caat plates eonaiated 
ot a fairly unif'<mn dhtributlon o! carbides while the rolled plates had a 
coar11e ac1o'41.a.r stru.oture. 

Afi'B.OViD; 

E'-/6LG 
! , L. li~D 
Eeaea.rch Metal 1,:s ~·gl1t 
Act!~ Chief, AJ~or 3ect1on 

wt ·~ 
M. 'loffa 
icy. Sci. Aide 

- 4 -

• • ' . , _ . j _ • •• •· C • 7. \. ..... " }' •-~ P_._, 'J, "'-• z.c f _• •.c; _'.,, C ·"'• _(. I_._ 11 _• J l., C: • • __ ,. ~ • C ~ C, • - • • • • • . , w. , • C. i _ ;. 4 ~ C • ' '•I 



T
~

 1
 

=
he

m
1c

al
 A

n
al

ya
ea

 

T
yp

e 
o

r 
T

h
ic

k
-

P
la

te
 

ll
o

. 
A

rm
or

 
)f

r,
 .. :m

~a
.c

 t 
a
re

r 
ne

11
s 

C
 

Y
.n

 
51

 
s 

;,
 

~1
 

Cr
-

M
o 

V
 

C-
.1 

B
 

T
i 

i
l
 

-
-
-
-
-
-

-
-
~

-
-
-

s~
s2

0
7

0
-i

x
1

 
R

o
ll

ed
 

S
ta

n
d

a
rd

 S
te

e
l 

S
p

rJ
n

6 
~

" 
• 3

 2 
1

. 6
1 

. 2
1

 
• C

}l
 1.

 
• 0

 2
C 

N
 1

1
 

.0
25

 
.4

6 
~

11
 

.0
~3

 
.x

2
 .

o4
 .

03
 

H
om

o.
 

S
S

S
20

82
-1

T
l 

fl 
II 

It
 

• 
,, 

.3
2

 1
.6

2
 .

1
8

 
.0

1
4

 
.0

21
 T

r.
 

.0
2

5
 

-5
7 

?1
11

 
.0

3
 

.0
0

1
 

.0
4 

.0
3 

G
S1

75
0 

C
as

t 
G

en
er

al
 S

ta
el

 (
I)

 
~-

.3
4 

.6
0 

.4
3 

.0
2

1
 

.0
1

2
 T

r.
 

2
.4

0
 

.4
6 

lf1
1 

.1
2

 
.0

01
 

-
-

.0
8

 

G
S1

75
3 

II 
" 

II 
" 

. 2
5 

.6
2 

.1~
5 

.0
14

 
.0

1
1

 
tr

. 
2

.3
2

 
.5

1 
li

l 
.1

2
 

.0
00

9 
T

r 
.0

3 

S~
 L

26
 

• 
S

;y
m

iu
gt

on
-~

o~
ld

 (
r)

 
• 

.2
9 

1.
50

 .
54

 .
01

7 
.0

16
 T

r .
 

.~
o 

.3
1 

li
il

 
.0

4 
.0

0
1

 
-

.0
2

 

SG
 

l.3
03

 
• 

" 
II 

-
• 

.2
7 

1.
40

 .
40

 
.0

16
 

.0
30

 T
r •

 
• 1

0
 

.3
2

 N
U

 
.0

5
 

.o
oo

g 
~r

 
.0

2
 

:l ' ' -;,
 



Ti
i.B

LI
 
II

 

B
rl

n
el

l 
H

ar
i!

n
ea

e 
S

ur
ve

y 

Sa
.m

i:;
19

 
Io

. 
R

ep
o

rt
ed

 b
y
 ~

a
te

rt
o

w
n

 .
A

rs
en

al
 

R
ep

~
rt

sd
 b

y
 X

a.
n

af
a~

tu
re

r 
R

o
:.

le
d

 P
la

te
a

 
R

an
·g

e 
.A

v
tt

r~
• 

A
ve

ra
&

• 

S
S

~
2

0
7

0
-1

Jl
l 

26
9-

27
7 

27
4 

25
9 

,
_1

 
S

S
~

2
0

8
2

·1
T

l 
2

6
2

-2
8

5
 

2
7

2
 

25
9 

C
a&

t 
i'

la
tu

 
~, 

G
~l

75
0 

~
3

 
29

3 
25

9 

:'-]
 

GS
17

5.3
 

25
5 

25
5 

24
8 

SG
 1

.2
6 

25
5-

26
3 

26
7 

23
9 

SG
 L

JO
J 

23
5-

25
5 

24
3 

22
9 

J ', ' .. ,, 



-f • \,'' 

'/ 

'. \ .. '·" r. ~. 

, "' ' . ':-r-.r ~-• 

... ., 

I ' 

T7pe ot '. t,1ftt ck
ADRAt~ ~ Nit 

I •• 

?.olled ·,,, ' ~i" 
lt-:- l'.lQ. 

H· 

' 1i\:f :1 '•I·• 

I I I. 

1.61 

,, 1- 1·:·1 1,: 

'!" .. · . ..:,tl!y 

"j 

·•· 

---·- -----·- ·· -·------·---•·- ---------------·-~-------.-. 
, ' ·. I-·· n l• ' 

SSS2•:!~-: T! 
(Ti-••r.11.) 

" 
,, 

" Ill Y\ t-:-Na 
tr y::,<:,~;: :.r, 

fft M\lt ,, , l• 

Wocd.y l t ce,n\1e l' J ~ ·1 

':j 

·I 
j, ., 

~ ·•t.\ r 1;1~ ------·--·-·-·.,- _________________ __,....,-----·------·-· • ---·--'-... ~---- 2~. ,l4,,,.., .... · ... .............. .. 

I •• ' 
'. ! J 

------------·-------·-----------
" ". " 

3~ : l26 
I 

Sy'l!lS ngton-l_k,uld (r,) .. 

II. II " .. I 

II :I ,I 



I , , 

~~•• lo. 

s:<: ;·~O?C- lM l 

'.!,:,r.~. ) 

Merutec&unr Amat 

Rolle~ 
Hor1c. 

------~-------------...----------- --------· 
ss~41:,e:-. 1 n 

: I-~-.:, fl• ~ 
" II II 

Pl II Qbowh hX 
~~ 

l,6l .46 

!'\\\r1=.-ue 
tr vt"-r:,dy 

, i ' 
. --
t'':1 ,-• ~ ' l 
f .. t 

••}~ I 

1!'tl:M"U• I : I" 
in ..:c,n'.t!' ~r :•f 

~ -.. •1 . :: t} __ . ______________ _,__,_, __________ .,. ______ _________ ... t. ... !'""~~9.1:, .. " .. ~ --
. 1 

Gentt'fll Steil I ., ' 
·, :.,1 

.. 
:.i r 

• .• I " 

~ ,,'!' 

r · ~J•il I 
ji,ri 

l ,,: 'I 

SJ111D~OD•~ ~~ (D) 
I I 

, .111 

" 
I .lia;:,• 

If 

_________ .,.,:. .. _________ -;,,o, ______________ _ 

Sl L3C3 

,I 

' ' I I 
', 
:r 

\· I 
' " .. " 

: I 



'?"' - - • - - - - ·- · - • - • • - - · - - - -· - --· - ·• -· - ·· · - ·- - - · - - _ ..... - ·. - . .. - ·- - ·•·• - -- - ···· - •• • - - · - . . . .. · - .... . 
• - • -' ., , • " - ~ - 1 . _.. • • • 1 • • • • •1 1 1 •u ·w •Lr 

A .. rage 
Crt,,e.S.cttonal 

IHI 
Dtt•rstp,14 et Y,4. 

'!' '- ') ;_, .:!, I f l ...... -s.....a._ ------ ... • ......J. .... 

39.l Cllr 

f. I 

~ ?~.~ 
; !- ,·f'i" ;,f: 
f .r ', I 

s 
•• 

4 
t 

-- ·~- --- -- . - . ·- .. ···•-·----•··-------------------------·--·-----------------
,;1. ';' , 

r 
64.7 1 
tr .. eo!r 

... .. .... .. - --------- ---··------... -·· ---·-,_._..._._--.-......... ______ _ 
... .. .. f ~r r~ ~,_a.;,, ~ ~ 

• , 1 :· ,. ~ ~ • . 
1 ::it! -:- t t :,n • 

... ... .._ _ ___ _______ ,_.._._..._____. _______ _ 
"'.' :~ ~-.. ,-. f ~ ... r!nr.l\~:~ in 

·r:: '!1-:" •:,f' ~f'l•t ~ (, !1 0 

3::. ~ r 
t r 'i ~dn,a.;t 

62,8 1 
tr 1hr1Dka,-. 

-.-.-. - wz - ______ , .. ·-----------------.... • .. -----------i,-·----• -i• 
! 

r 
t i" 

,, 

~ ~ ., r , 

J 
I... , ., " 4 • r r-~ •: ~ '.l !'l, ·' !I ' "'•, T • Q i{!'.~ 

' '. n · : P : . ~ \• :- ,, ! u" e t i :, c . 
,, ... 

' .. t) 

'111 ,/. 
46.& , , 

·, 2?.3 : ~ttc~ri,t,te, 1 111; 
l,\• 1", I •! 
1• , · I tr .11brt1k&l'f .. 1,,1 • 

i . 1•
1 

(11 1
1; ' ' I 1-1 · I,!~\.~ - .. ·~----- _,,__ _____________________ , __________ .....,... ___ _ 

I \, I I,,,. 
I .- • ' ,j; t ;, ~ 'f. ' t (' f' ~h r-1 ~kl'\~e 

. . .. ~~ •.: , :-. t •- r,; ,r !! lll r tlo~. 
I 243 

' ' . ;C 

q· 2~~:&/ : ·i~ ,~ .,:.~1-·1\11! 
'! •.·.f :, :, ; ;tr flhrlphp _,_"l!' 

1 _ I· ;;1 -I.I ' ' '' ;, l l' 
,, t ~ ' 11 l '\ I j ! t ______ ,____,_ ______ . ..._ __________ .... _______ ~---~,-.----•---.,ii,lijiilioli 

: ! ,!:j IT 

' I I 
3t ! i;t'. t cry"t""n tn~ petch r.irround.Jl'\ 

,, r'!'t\ ~ ! :·~ !!" :~!j•t1tA111n~. 

.... ,, ... ; .. , 

,'I '. ,I, I ·' \l ,1 I 

I I • iJ '1,1' f·r'\'1'. \ii t.'. it 'I i•,, 1 
I ,..,. .,,. \I ' ' ' i, ' I' 
I ·, ·-,,i; · · .,,. 

.... , flb rp u11 bor4,r.,\:,' 'I,,. 
' ,, •! ,1·1 I 11, '11"'!, b '/ .l 1' I ' 

' 1:1 I I: ,' 
,I • 

. - ,. 
' r· .. ' . '·.··.·.·,_:.:_",. ·.'.. ,~~---· .. ·.·· ;·.,.·_ .. ·.,.~.;_:,•:,·:~< ~·.· 

"C • .' •/:,,-•:,:- ,;;-·:.' ; • 1/.~ r • • -

4'. 
tr 1) 

i 
! : 

) . 



_ --- ----------~- •J-lc~c:b CbftQJ Bu .. ~, ... w""t._, ___ ,... ~-~ -~~----------~--------

l~:u.u.t --·· -~--- ,·-----------• 
-----·-----~-·-_ .. Crase e -

• ?f\f\9 -~._._.. 

··- ;-,'!j 

· ; .,;, ,. 

_-JJ>•t 
------~--• -'tllllif, 

. \I 

Cbf' 

I' ',1 ,,l;f; 
·M· y,IJ 

J~ 
f1_r, 
<. 

! . 

1 hou :' 

Cool-
..AAL.. a loa& lmaJN' • 

-- ---·- ---- --•--- -•-----·------ · ·---•--------·--------- --~~~r.,:-1!!""'""!"'-"""""" 

~ • . 1 ~ . ~ .. . 

~ ·.· • ·-: ·'I 

r...r. :• r 
tr -~~ (, ~!' 

···• •:-" '"" ..... 

.,.. ---- ----·~-----·-------..~---·-------------------------------------..i 
,r- -~ , : ':, l r --. :;·J 

! ;· <1 l'. (' '. ~~cl,. ..,. ~ 1 l .. .. -,, .· -=1 l L :;; ·:.r 

•·---------------··--· __________ ,.. ____ 'Co~ ----------....... ------------
4 • . • ? 'F 

t .. !!hr1 Ill!:~~~• 
32 . 6 Cb! 

tr 11t'.r1nk:e.c,e 

tr 

1od.6 , · 
1: ' 
r<!., l'1". ---------------,--------------~~---,-~~-----i!lij •, .. :,. I · ·. ·• ,,i . ., --·---·- --------•· 

. , t -
• ·1.,,, , . ·,r,;. . 3 'I'~ ' '-~ ..,.., - . . .. , ..., 1 . ., .... 'II' 1 .... , ... 2s.e 

--- -,. ._., ... _ .. ,. ·~~· -·-· ~--..... --------1------•-----... ---•, ------------

3~.e 1 , 111~•1 1 hau~ '.'.A.~ r 
t r "1::. rl r.k1' t."" 

Water 
tr l'hr!nkr C" , 1:.: . 

~ ------ -·•-.!.-...__...r .. ---.. --------... r-·--~---... ..._.._. _______________ ....... 

' I 
w:/ } : : .. ·.:~! .... · ~~: ,~,.: 'f,.~:·: ... ~·.·,• .. :;L 

.. :1 ·:· 
. · ' I -

. "·~~ ·- :;• 



-· ---------------·---------.._-~ 
,.·_ .... ~:IA£. ~IU~-.;• J~~t _.. .. --•----

AYf-. 

& Cool• ~ _ •7Q~r 
oat. 

~t•' • ,, 

I I 
l l 

......... 

_ _. 

Cf' "t 1 ! 51') f i ,. ; 
pt•te c-r~c-~~ .~ ~?~" 

to 8~ g~ . 

_________ ...., __ ...._ ____________________ _ 

-- ------------------ ----------------------
',.; .''. " .. :- 45.~ 1 

tr ~ hrh °'"' 
39.9 r 

q· ,sbrtnl:"f:f' 
.. _ _ _ _ .,._, _________________________ __... __ .. w•-----..---

·,; ~' • • : i:' 2. 5 
66.6 r 

tr ,hr1nlr&c-

, _ ..,. ___ ...... --~------------------------·-----
I 

~s.e t 49ha2,!.. ~•1~!51•~1 
. 1" 11 r 11&ap ul~f1'T' t IC 

·-·-------.-.----4---~-·;-l-~-c:--l-/4 
•J t .," 8 1 ' _,.,~ 2 ' ,' \. . I I ·-· 
i"I ft er .r.,c;. I t f 'i ~b;f't9'tr..J·~ · ; I · \ , I VMI 

'I'! ,, . ~ - . ,!th nnr 
~J' ' ,) : ~ j -~ ·;t .~ .. ~~ I 

·-1 ,.,te r 

1170 r /, (" r,prex,.>,·j 

•• ! I 

'.' i: ' . 1 • 
I · l' l1 j ·~•'. ·, l 1 • .• ·r ' 

, , 1 ' I· 1 1 ,,,;,\ . , a 
I ,1 N ,, ': 

I,: ' I ,W) l I I .;.:~1 
I , ,I ' I \ I I, .• , . 
1, I, , 1 r 'I: 

I 

I , I' 
1' 

I 11 'I 
'I 

i ' ,. 

t ' 

I .· 

-:, .. : ' . 

( 

!- " 

r--~~ 
~ . . . ., . . . 
I . C •. 
I 
I-

' • ~ ,7> . ~ • • ' 

. . . 

~-:~1,it:,'t,t".t{.t.i~--'.~~!i;'.<fi:~t~1,t~~&i~ 
}' !t? ::;,:~,}~"t-~?(;.,· -~J~~~:~'~'/f::.;.~:t~~t~~~N,ij 

,l 
l 

:· I 

I 
:· t1 

' . ·, 

• ;·,, ··: ''"·, ; ·· :·,11 ·• 
. • I; ' •~ .. •• .,_ 

-1 :., 

··.·. 



TA
BL

E 
IV

 

•T
e
n

si
le

 T
e!

lt
s 

T
es

t 
E

ar
 

•J
57

• 
L

i~
o

te
r 

' 
t.

~
. 

T
.S

. 
,. 

f. 
P

la
te

 l
o

. 
T

yp
e 

L
b

a
./

S
q

.~
 

L
o

a.
/S

q
. I

n
. 

E
l.

 
1L

A
. 

-
-

ss
s2

07
0-

uu
 

R
o

ll
e
d

 
1

1
4

,3
0

0
 

1
3

0
,0

0
0

 
1

8
.6

 
59

.2
 

{
L

o
n

g
.)

 
R

om
o.

 

·ss
s2

07
0-

1K
1 

II 
,, 

·a
4

,4
00

 
13

0,
00

0 
1

8
.6

 
57

.4
 

(T
ra

n
a.

}
 

ss
sz

cs
2=

1n
 

II
 

1
0

6
.2

5
0

 
1

2
7

,5
0

0
 

1
9

.3
 

59
.6

 
(L

o
n

e
. J

 

ss
sz

os
2-

1n
 

• 
99

,3
70

 
13

2.
50

0 
1

3
.6

 
57

 .4
 

(T
ra

n
e.

) 

GS
17

50
 

~
a
.t

 
1o

s,
75

0 
l~

,5
0

0
 

3.
6 

1
6

.l
 

GS
17

53
 

• 
9

0
,~

 
11

1,
80

0 
4~

3 
1

3
.0

 

SG
.I.

26
 

• 
10

9,
37

0 
-1

19
,0

00
 

1
2

.9
 

1
7

.1
 

-
SG

 L
J0

3 
II 

10
6,

00
0 

1
1

7
,5

0
0

 
3.

6 
1

0
.3

 

\,
. lr~

~
 .. ~-

·~·-
~=-~

:---
,T

~r
~

.!._
,.~;

:;
.-

~
 -r

:--::
·.:.~

'":4,~
:-~

·--•1
: 

t:,
::·

 .;
;.i.

.;_
(;.a

.:1
-~F

:-:
:::«

«
--,•f

* 
r.•_

 .. :_;:
:.·:

=~
~"

2~
·::-

-::
~:

-::
r ~

~
~

.-~~
;•:,

.-
F~

~
-.--·

~·~:
:~

 
F

.:
~~

~-~
~

R
·~·

 

•
t•

•
il

e
 w

•t
 o

ar
, 
-r

• 
lla

C
hi

n•
d 

fr
o

• 
M

ct
io

u
a 

~o
oa

te
4 

h
a

lt
~

 b
et

w
ee

n 
tu

 a
u

r!
ac

• 
an

4 
tu

 c
~

*
•r

, o
f.

,~
 

p
la

t•
••

 
· 

· 
. 

. 
. 

. 
· 

_ 
.. 

·-
. 

. 
~
-
~
 

. 



..., I ... 
•1a

,e 
•o.

 G
S1

75
0 

U
ll

tt
o

ra
 4

la
tr

!b
u

t1
o

n
 o

t 
fi

n
e
 

c
a
rb

lc
le

e
. 

s .
..

 a
a 

P
la

~
• 

S
o.

 
G

S1
75

3•
 

T
n

~
:a

l 
1

H
c
rc

;t
r·.

Jc
tu

r1
11

 

~
"
 "

T
h

ic
k

 .
:.

o
ll

e
d

 :
;!

:,
o

o
~

e:
:.

e
.J

\U
 
J
~

o
r
 

P
la

te
 

C
o.

u-
ee

 
a
c
ic

.l
la

r 
at

z-
~

ct
u

re
. 

P
la

te
 •

o
. 

SO
 L

JO
J 

n
.n

e
 
c
lo

b
·.i

J.
ar

 
e
a
r'

t1
4

••
· 

P
la

te
 •

o
. 

SG
 L

26
 

!'
a
ir

l.
7

 U
Z

11
to

n 
d

is
tr

i'
b

u
tt

o
a
 o

f 
~

la
ti

 
e
a
rb

1
4

••
· 

.l
ll

 a
tc

ro
a\

ru
ct

u
re

a 
no

oo
, 

e
tc

u
4

 1
A 

.P
lc

ra
l •

 
~
 

. ,.
..:.-

.....
. 

... 
,.z

,,,
. 

.... ,
, ✓
- _.,.

 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014

