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ADS TRACT 

\ 
Eight vrnldments p r epared by the Philadelphia 

Havy Yard in connection with we ldins test No. 302 
were forv,arded to the :Naval Research Labora tor-v for . • ! 

NRL Shock-fracture Test. Tl'le performance of welded ! 
and unwelded low a lloy ball i stic steel (302- J:- l) / 
co::npare s favorably with that of special treatment ; 
steel (302- N- l) when subject ed to . the r.R. L . shock-! 
fracture te s t . 
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1-.UTHORIZATIOU 

1. This problem wa.s authorized by Bureau of 
Sh ips l etters QP/'.:'It:C - (4) -( 5 ) (3692 ) of 31 January 1943 and 
QP/il&C - ( 4) - (5)(692- 350) of 9 Lpril 1943 . 

ODJECT OP TI;STS 

2. Eight restrained groove ballistic pendulum test 
p i eces were prepared by the Philadelphia navy Yard in connection 
with ~ e lding Test No . 302 (Low All oy Balli stic steel Welded 
with 19- 9 l!n and 25- 20 Electrodes - ·:,e ldability of) in 
accorda nce with Code 692 SK No . 2422- 3 dated 1 - 8 - 43 (reproduced 
h ere a s Plate 1). These were forwarded t o the Naval Research 
Laboratory for investiga tion of their performance i n the l'TR L 
Shock- F;,ac ture Test , using methods reported in the :'First 
Partial Report on N. R.L. Shock- Frac t ure Test for ~e lded Jo i nts 
in Armor') (W . R . L. Repor t No . E- 2050 of 26 April 1 943 ) . 

3 . In order to evaluate the efficiency of the weld 
j oints l:.' sixty ( 60 ) pou nd 12 i nch. by 15 inch plate of each 
composition o f armor wa s also f'or,mrded to the Latoratory 
for shock- fracture testin13 . Tlle eight single V- groove weld 
joints and the tv,o sampl es of armor v:ere identified as shown 
i n TaLl~ I. The composi tion oi' the weld metal as determined 
by che□ical a nalysis from specimens 216 to 223 inclusive is 
given in Table II . 

HARRATIVB OP TESTS i:T THE !IAVJ.-.L TIEJEARCH LABORATORY -

4 . S i nc e the present W.R . L . shock f r acture tes t 
e qui pment v,a s de s i gned for a ma ximum specimen thiclmes s of 
one inch, it was necessary to machine the low alloy and 
spec i a l trea tment steel a rmor plate to this thi ckness. 
Specimens were then prepared (Plate· 2) with the length of 
the fingers both along and transverse to the principal 
d i rect ion of rolling . It v.:as desirable to test the root of 
t h e weld in the a s welded condition, hence , the back i ng 
strips of the •:,eldments were removed and the face s i c: es of 
the vrnlds v1€re shaped off to obtain a thickness of one inch. 
standard specimens- were then :re.chined ( Plate 3) from the 
we l dment s . 

5 . The limit veloc i ty , that is , the velocity 
r equired to just break the f i nger f r om the spec imen, was 
determined for each of th:) two grades of armor used i n the 
tests and for each weldment . 

6 . Tran sverse 3ections of the weldr.1cnts wer e 
exaruned m9.croscopically and photo:raphed at 2 diameters . 
Some microscopic examination vms made of the weld joints , 
particul ar a ttent i on bein3 giv en to t he f u sion line. 
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DAT,'- ODT,:.IlJED IN THESE TESTS 

7. Tho performance of the n.rmor and we l d joint 
specimens in the shock fracture.:: tus t is {"iven i n Tabl0s III 
and IV . Sir.ico t he fing e r s of all th(:; wc::id specimens were in 
t ho principal direction of rol ling of thG base me t al, t he 
off ic ienc i cs of the wGld joints 1:ruro calcula t c.;d usine; tho limit 
veloci tics of t::.0 armor spec im(;,ns v,i th the; f in~0rs longitudinal 
to th~ d i r ection of ~olling. Th~ appGarancc of typical t ~st 
sp0cimcns aftor shock-frac tur0 arc:; shown in Plc. tGs 4 to 12 . A 
study of t h .; macrostructurcs of th0 weld joints is prcscmtcd in 
Plate s 13 to 17. Several photographs of the- microstruc tur0s ar0 
shown in Plates 18 to 22. 

DISC1~ SION OF TESTS 

8. A detailed discussion of each tcst follows: 

Armor Behavior 

Results of shock f racture t 0sts on low a l loy ballistic 
st00l -f258(302 - B- l) , spec i al trt:;atr:1'-' nt stoe l l/261(302- 1:--1) and 
special treatment stc;cl ~1:206 (Data from NRL Rep ort H- 2050) are 
c i vcn in Tabl e IV and Platas 4 to 7. For similar hardn0ss values 
the sp cc ir.iens vri t h tho fi n60r s in the direct i on of rollin3 had 
considerably hichor limit voloci tiv s than those in the transverse 
dir~ction. Th€ limit vel oci t ies for lon0itudina l spocim0ns of the 
three materi als indicat e that th0y had approximately thC; same shock­
fractur0 resistance; greater variations in the limit v0locitiGs 
~ore noted for the transverse sp8cimons. 

Low l:..lloy Ballistic Stee l 

Ho. 2 16~ Low alloy steel we lded in tho flat position with 
gr2.. de IV c loctrcxie. All f ra c tur 6S oc curr0d along th6 fusion 1 ine 
~nd c lcarl y showed the bGad technique of th0 weld (Plate 8 and 13a). 
These fractur6s were typical of rrany of th8 fai l ures for the wcld­
mcnts i n this t e st. 

No. 217: Low alloy steel welded i n ~ertical position wi th 
~rade IV elec t rode. Failure occurrEid along the; fusion line in 
all cases. Thefractures had a porous appearance, tho porosity 
occurrin,s betwe e n th0 beads of the wold. A partial fractur e 
sectioned throu0 h the center of the f i nger showed that failure 
start0d along th<:; fusion line on tht:; impac t side of tho f i ngc:r 
and progressed int o the wol d (P l at0: 13b). 

No . 218: Lov1 alloy s t eel welded in the flat pos i tion '.'-lith 
Grade V electrode. Only on e finger was completely f'rac turcd. and 
this showed a fusion line failur0 and · bead appoa ranc8 similar 
to that of #216 (Plate 9, 10 a nd 14a) . 
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No. 219: Low alloy steel welded in the vertical 
position with zrade V electrode. ~ailure occur red along the 
f usion line in a l l cas es, the fracture bein5 similar to that 
of No. 216, Plates 11 and 14b. In t he spec imen tested with 
the r oot in compression, there appeared an area about 1;8 ;, deep 
acr oss the entire front of the f racture which was dark and ver~ 
roue;h indi cating the presence of a previous we l d crack. Thi s ~ 
conditi on was also noticeable in the specimens tested wi th root 
in t ension, the dark area again occurr ing in the same portion 
of the weld. 

Spec i.al Treatment Steel 

No. 220: S . T. S. a rmor welded in the fla t position with 
Grade IV electrodes. Three of t he f r actures fo llowed t h e f usion 
l i ne about two thir ds of the way f r om the impact side of the 
spe cimen after wnich the break pro6ressed into the base met a l 
to a dep t h about l/8 1

' below t he heat a f f ected zone (Plate 15a.). 
Th e other fracture (Impact No. 843) was a comple te f usion l i ne 
failure similar ·to those of No. 21 6 . 

No . 221: S.T.S. armor welded in the vertical position wi t h 
Grade IV electrodes. · The f ractur e r e vealed a great deal of 
porosi t y i n th e weld, the condition being more pronounced i n 
this specimen than i n 1;1217. Two of t he fractures wer e essent ially 
fusion l i ne fai l ures although a part of the f racture occurred 
in the weld metal (Plates 12 and 15b) . The third fracture 
(I mpact No. 751) was s i2ilar t o t he fi r st three described above 
in tro. 220. Evi dence of a tendency toward t h is t ype of fa i lur e 
i n the o-t:her two fractures was i ndicat e d by a crack i n the t,ase 
met a l parallel to the face of the plate. 

No. 222: S.T.S. a rmor welded in the flat osit ion with 
~ra de V electrodes. T1ree o he frac tures were f usion line 
~ailure s s i mi lar t o those of No. 216 (Plate 16 (a)). The other 
fracture ( Impact No. 756) started a t the fusion 1 ine and 
progressed into t he weld about lfe 1' above the fusion line 
(Plate 16(b)). Some porosity was evident in t hese f r actures . 
In ~abl e I the results of the s hock-fractur e test of t h is 
weld.ment - show that one ballis t ic specimen had. a limit velocity 
above 2400 f t./sec. while the other two had ~ limit velocity 
of about 2000 f t . /sec ; this l arge di screpancy apparentl y is due 
to a variation in weld quality across t he plat e . 

No. 223: S. T. s. ~ mor welded in the vertical posit i on 
wi t h Grade V electrodes. Three of thefracture s (I mpac ts Fo. 
762, 849, and 853) were fusion. l i ne f ailures while one {Impe.c t 
No . 851) ,uas a partial weld fail ure and t h e other ( Impa.c t !Jo. 
762 ) was a complete weld failure (Plate 17 (a ) and (b)). 
Evidence of much poros i ty wa s p r e sen t in all cases. 
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9. Vickers h ardness surv0ys wE:re made on transverse 
sections of the welrl-rnents . The averaeo maximum hardne ss in 
the heat affected zone of all spe cimens ranged b e tween 340-
380 Vickers (10 kg . load). 

10. Three out of four of the weldments made in the 
vertical position showed a great dea l of porosity while the 
f ourth, No . 219, showed the presence of a root weld crack 
by,the roughened dark area described above . 

11 . Metall ographic specimens of the weldmcnts were 
taken from Plate Kos . 216, 220 and 223 . These speci~ens were 
pre pared in the usual manner a nd etc hed electrolytically with 
10 p~r c ont oxal i c acid to reveal the cor ed s tructure in tho 
austenitic weld metal. A 5 per cent Nital solution was t hen 
us ed to etch the base metal . LXamination disclosed a narrow 
unc tched white band (approxima t 0ly 0 . 0005 11 wide) whic h 
s eparated the weld and base metals (Plates 18 to 20 ). An 
a tt (:r.:pt to etch this band \'Tith potassium fsrricyanide v,as 
'.lllsucccssful (Plate 10(b)) . I.!icro- hardness surveys made 
withe_ Tukon hardness tester ( .2 kg. load) indicated that 
t h e white band. v;as of approximately the same hardnes s 
(I.I: . H. 250) as the weld metal . All of the specimens 
exhibited a network of apparently unetched metal simi lar to 
the \-;hitc band which ex t ended into the base metal f rom the 
white. tand: Although most o:' the fractures would be considered 
fusion lin.: failur;,,s , th"y follov1'-d th_ fusion line only 
approximatGly and did no t coincido to any grGat oxt c nt with 
t hl- whitu band. This s0vms t o indi cat(; that the whito band 
v,as not the.., VJ1:;ak6st part of tht- wolds-d s oction ( Platc.,s 21 and 22) 

S l,TI;!H.!l RY A ND C Ol•TC L US IO NS 

12 . Thv followi ng indications arv noted from th0se 
t ests: 

1. Th0 resistance of th~ unwt.:lded low alloy 
ballistic steel to the N. R . L . shock- fracture test 
compares favorably with the sample of special tr0at ­
mE:nt st(;•el submitted. 

2. Thu joint e f.fici -:.:ncy for th '- low alloy 
ballis tic st0el based on limit v ~locity in tho N. R.1. 
shock- fracture t es t avera ged 80 p or c ent . For tho 
sp1:;cial trcatm.:.nt steel the joint efficiency averag0d 
84 per cent for tlw sampl es test ed ; this is not a 
s i 0nif ican~ d i ff0r0nce . 

3 . A sli_sh t improvcr.1on t in ).oint eoffici0ncy 
(2 to 4 p<Jr C(;nt ) was not ed for tho Jradc IV (25- 20 
Cr- l:i) ekctrodes coraparod VJith th6 Grade V (19- 9 Cr­
ni 4 Jin) electrod9s in these tests ; this is not a 
siGnificant difference. 
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4. Host of th0 fa i lure s occurred in t he 
we l d me tal at the fusion z on0 with fracture occurr ing 
haphazardly in th-a we l d :mlital along and in the whi te 
band. 

5. Tho lowest joint efficienc y (67 per cent) 
was obt ained for t ho wsld made in thG v ert i cal posit ion 
with Grade V (19-9- 4 Hn) electrode on low a lloy 
ballistic steel; an i ndication o f cracking in tho root 
pass was noted. Tho highest joint efficiency (92 p er 
cent) was obtainE:d for the wold ma.de i n th e flat pos i tion 
with Grade IV (25-20 Cr- Ni) 6lectrode on special 
treatment s teel. 
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TABLE I r.Lf:..TERIAL'3 AND IDEETI ~'ICt,.TION 

BuShips (692) NRL 
Sk.no . 2422- 3 Identi-
WE: 1-ds f ica tion 

H-IV-F 216 
H-IV- V 217 
H-V-F 218 
H-V-V 219 

I- IV-F 220 
I-IV- V 221 
I - V-F · 222 
I-V-V 223 

(H) 302-M-l 258 
(I) 302-U-l 261 

H - 6~1 low alley baliistic steel 
I - 60;'/ spec ia l tr ea t ment steel 

IV - Grade IV electrode 25- 20 Cr- Ni 
V - Grade V electrode 19-9 Cr-Ni & Mn 
F - Positi on of ~elding - Flat 
V - Position of 'C!cld ing - Vurt ical 



'11ADLE II ·:.3LD :;r;'I'AL CO?.:P0:"',ITI0N 

~'/cldment 1:0. Cr 
Per Cent 

Ni Mn 

H- IV- F (216 ) 2 5 :26 19.74 2.19 
H- IV- V (217) 25.79 19.84 2 . 19 
H-V- F (218) 19.07 9 . 52 3 . 88 
H- V- V (219) 19.35 9 . 52 3.85 

I - IV- F (220) 25.62 20.31 2.23 
I - IV- V (221) 25.45 1 9 ,30 2.10 
I - V- F (222) 1 9.47 9.70 3.88 
I - V-V (223) 19.35 9.79 3.89 



TABLE III RESULTS OF s1:ocK--FRACTURE TESTS 

SpccimGn No. 
NRL BuShips Impact No. Velocity REosul ts Limit V-: loc ity 

ft/sec. ft./s e c . 

258L 302- M-l 1101 2610 on 
low a lloy 1103 2623 on 

1104 2639 on 
1099 2649 on 
1096 2671 on 
1102 2685 off 2680 ~ 25 -
1100 2694 off 
1098 2714 off 
1097 2719 off 

258T 302-M-l 1107 2198 on 
276 2248 on 

1093 2276 on 
2390 

.,. 
100 275 2340 off 

1106 2462 off 
1095 2490 on 
1094 24 92 off 
1105 2518 off 

274 2533 off 

261L 302- N- l 1117 2606 on 
Special Trea t men t 1091 2617 on 

1092 2630 just on 
111 8 2632 on 2630 + 25 
1090 2637 off 
1119 2699 off 
1089 2715 off 

261T 302-N-l 277 1939 on 
278 2132 on 
279 2162 j ust on 

1113 2212 on 
1110 2216 on 
1112 2283 off 2290 ± 75 
1108 2301 j ust on 
1111 2354 off 
1109 2425 off 

216 H- lV .. F 725 1962 on 
72 9 2027 on 
728 2070 on 
727 2106 off":" 
730 2143 on 
731 2205 on 

2250 
..,. 

25 733 2258 just off -
732 2274 off 
726 2310 off 

•:"weld Def·ec t l ve 



Tabl e I II (Continued) 

Spocitn.t:m No. Armor 
NRL BuShips Impact No. Velocity Results Limit V(; locity 

ft/sec. ft . /s ec . 

222 I - V- P 760 1 919 on 
759 20'.30 off 

2000 -t 50 755 2055 on -
758 2082 off 
757 2148 off 
756 2254 off 
845 2097 on ' 
846 2236 on '-

' 2400 ~:-847 2400 on I Abov o 

223 I - V- V 761 2123 on 
763 2277 on 
848 2297 on 
762 2300 off 

2360 4, 50 852 2357 -on 
853 2426 off 
851 2484 off 
850 24 90 off 
849 2592 off 

-\~ See para s raph 8 



SU;'G'.LTIY OF SHCCK- I•'RAC TURE TESTS 

Joint 
$~.~~ N\ll!lber Limit Velocity Effi ciency 

ft/sec. NRL BuShips 

Armor 

2581 302-n- l 
258T 302-rT- l 

2611 302-N- l(STS) 
261T 302-N-l (STS) 

2061 STS 1n 
206T STS 111 

'.'Ie ldmen ts 

216 H- IV- F 
217 H-· IV-V 
218 H-·V-F 
219 H- V-V 

220 I - IV-F (ST3) 
221 I··IV- V 
222 I-·V- F 
223 I -V-V 

BHN 

270 2680 ... 2~ -
270 2390 4 50 

250 2630 :! 25 
250 2290 :! 50 

264 2700 
,I. 

25 -
,I. 

257 2480 - 25 

2250 
,I. 

25 -
2130 

,I. 

50 -,I. 

2380 - 2-5 
1800 

-1-
25 -

Average 

2410 
... 

50 -
2404 

-1-
25 -

2000 
-1-

50 -
2360 

,I. 

50 -
Average 

L - Longiti..tdi nal 
T 'l'rans ver- se 

Per Cont 

100 

100 

(Data from N.R.L. 
Report M- 2050) 

84 
80 
89 
67 

- - - - - 80 

92 
78 
76 
90 

- - - - - 84 
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Pl /\TC' 1 ! 





#216 
H-IV- F 
2106 ft/sec. 
lmpact 727 

(a) 

j2L? 
H-IV- V 
2045 ft/sec . 
Hl[)8 Ct 7,34 

lb l 

PLATE13 



#218 
H-V-F· 
2395 ft/sec. 
Impact 739 

(a) 

#219 
1:- ·v-v· 
J596 ft/sec. 
Impact 832 

( b} 

PLATE 14 



§220 
I -::::V- F 
21,50 ft/ sec. 
Impact 743 

( a) 

#221 
I - IV- V 
2050 ft/sec. 
lr:1pact 751 

I b) 

PLATE IS 



#222 
I-V-F 
;n1~8 ft/ sec . 
I m_1;act 757 

la) 

# 222 
I -V-F 
2254 ft/sec. 
I !llpact 756 

( b) 

PLATE 16 



#223 
I-V-V 
2300 ft/sec. 
Impact 762 

(a l 

,1223 
r-v-v 
2490 l~t; sec. 
Impact 850 

{ b) 

PLATE l7 



#216 
H-IV-F 
275 X 

PLATE 18 



#220 
I -IV-F 
Mg. 275x 

(a) 

#220 
I~IV-F 
Etched Potassium 
ferricyanide and· 
rotassium HJ~roxide 

f h \ 

PLATE 19 



#223 
I - V-V 

PLATE 2 0 



#219 
Failure in 
1Jfeld Metal 

Mg. lOOx 

#219 
Fa.ilv.re in 
White Band 

Me. lOOx PLATE 21 



#220 
11feld Metal 
Failure 

Mg. lOOx 

#220 
White Band 
Failure 

.Mg. l OOx PLATE 22 


