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/\ SIFIED 
ABSTRACT 

This report presents the development of ·a la,boratory scale 
shock-fracture test for armor and welded joints in armor. 'I'he 
shock-fracture test is especially suited as a rapid quantitative 
development test which should increase the speed of testing and 
provide a number of ·. short cuts in development studies of the 
welding of armor. The shock- fracture test possesses the fol­
lowing aualifications: 

(aJ A greater n\l.Ulber of test specimens per unit 
cost of welding and materia.ls can be 
provided. 

(b) High velocities similar to those encountered 
in service are used for testing. 

(c ) The specimen is such that it is stressed 
during test in a relatively simple fashion 
\t'i thou t the complication of internal 
stresses . 

(d) The method of test is such that successive 
specimens can be stressed in an identical 
mrui.r.er. 

D CL.ASSI ,r·IED 



AU':i:'HORI ZATI Or~ 

1. This pFoolem lla.S autho~tzed by lmreau of Engi~eering 
letter Ll-1/1940_ {4-14.Fs) ~f ll Y~l1 •i9,39: 

a. The atudies repo~ted.· ~ere ar~ ·preliminary to Welding 
Test No. 302 - Low ~ioy Ba\listie Si~el Welded -with 19-9 Mn and 
25-20 Electrodes - \leldabil.i ~ cµ. ,BuShips filte fr?:?/if&C-( 4)-fS) 
(369a) of 31 January 1_943. ·. · 

;;-. In a. memorandum. dat~tl .12 -August i942. A:Fmoi- l'late 
Seet.ion. 1'ank & Motor Branch, Office Chief of Ord:nance, addressed 
\0 \felding and Ce.st·fng Section, Bureau of Ships, Javy D-epartment, 
Mr. E. Brooker s.tRted· the need for .. a ·shock .. fracture tes~ of welded 
joints in armor and sugg~ted the initia~ test' methods. ~he memo­
r;a.ndu;m was· forwarded by the Bureau of Ships to the Naval R~search 
Laooratory for action. · 

STATEMtliT. OF PRQllLEM • 

4. . In the rast years many hu.n~red shock tests have been 
made bal:l~s'tica.lly by 'both the Navy and A,rmy. ~hese ·tests have been 
a major fee.tor ·in demonstrating the utility and effic-iency of .welding 
process~s in the manufacture of ships, tanks and other ~mored ' 
vehicles. These large sea.le tests have been used effectively in· 
overcoming_ the prejudice e~countered in the extensive conversion . 
from riveted .to welded structures in fighting eQuip~ent~ In many 
cases the larger scale shock tests do not yield etUflntitative in.:. 
format~on in regard to the-,- shock resistance becau'.i3e of the number'. . 
of intangible factors and: variables that -ttl.wa.ya ac·oompany larg~ 
scale -tests; freauently i:t ·critical analy'sis is -impossible, although 
the full scale test may be .satisfactory as a su.mm~ry_ test. 

5. . From the above, it is evident that ?- ,n.eed exists for a 
test supplementing the la.rge scale tests which can be mad-e under 
laboratory conditions. Such a ouantitative laboratory shock test 
must meet the follo\·ring reou.irement.s: 

. ' . ,. 

( a ) The test should be such that stresses ·c_f:Ul be 
applied to successive specimens i _n _an: :. identica.l 
nanner, 

(b) High testing veloci ties s imilar to those 
encountered in service should be used. 

(c) It would be highly desirable if a. gr·eater 
_number of test specimens could be provided 
per unit cost of welding and materials: the 
saving of time is also a factor. 

(d) The specimen should be such that it is 
stressed during test in a relatively simple 
fashion without the co~plication of internal 
stresses. 

-1-
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tests. Specioens Rre bcinG machined vith rodii Rt the b 
finr,er in order to observe thn effect of the contour at t 
of streos concentration in the tent speciccn. 

<! of e 

point 

24. A number of o ther t,.-li9t..i.c st,ePls ·u-e br,1n,, rt,1C' it•d 
to determine their b .. l ... ·d.or 11 t ..... URL I'O'~ frr,: L:-e t . 
of NAX and Repu.'blic arl"lor hich b ·e no .. -•~~ ... e ,,11 , t 
various hardneso levels • 

.25. The effH, t of c hPnges in t h e dit>ne te: ~f d!"c trnd 
and changes in weldil1 t Lvr.r iC'u. for A ., ...... ~ .. v' ~: ....... a:-•. 1• L1!3.k 

of austeni tic and forritic dcct ... o._ u ••• ould be de t e.---ine.1. 

::?6. A further s tudy of the e.f f cct£ r: f c h,1ngt-i; ~r, ;"~nt d 
sign will be worth wt.ne. Tr.iG ~ho-.ld inc-luc.c !"_ f, c: t~r root 
opening, groove ant;le, root frtce , root r at. .. '"'~, n::; •tl.l al • • riou J,; 

end ar.gle jointo. 

27. Th loc ::i tior. of t},e bare of t he f i~ ·""r r- :.;l,ou.lct ;.if• furth r 
investigated in ~~Ld op~c.....i.~~4. 

28. ThL develop::er.t of fl t est ~:oced, re !'o r ~ ,-·,er o: 11 

-.rl" i/2 inch tt c ~.caa i.s ,.!Cd.ell .,J ,. t. r .• t -"'t> ,.-!'h 'r <; ..,.rrcrti 
cl __ e range of tu4ckness uocd in airc:raft nnd. or ..,. ~~ vd.Lc::. .. s. 

~s. =-~ detercination nf low tp-pproture be~~v~or cf r OT 
l1 atf l.r.d "'e, .. ~01 •• t s"._..,_:: .. :.~ , y :r .. :idily b, , i:·d: c. .. ,it .. t;:. t:'P" 
o • .:o L~ ... t l-..?re d"scrioed. :t \.JJ·.,• _ _... be •·i le t o drp•- .,_;_"l rho k 
f, " .. ov ,. a • .idt! rt'"-f,.<! o f tc~ t ir.,~ t J 4 u.r ~ "rd wi ti ,. , ide 
rr...nge c. the-;:;m) tr e •. t ·"'·- .. . 

30. ·.,:1ilo it is r <>"lli7"C. t11.~t tf_ii;; :-.-pert 1,rc-·e·.~:; orl,\ r> 

lirr.i., ._ .ou.w.t .., t C" " t da t2. , i ~, i t:. ~t'"c, .. ly i" t>' that it 
p-,....,er.t P tes t :::etl"od. f or ob t nir.~ nr \"\' , - .. Ativc ,. .r , er l 
vr,. e in df>v clo,1--cr. t , •ork ..., .. €•li,..,!.n· • to thr ln-,,. .,. ~cr,J ! '.,,vy o::-
.A:l -., H-pl "'• e ,-\....,. t ert . With n,: in''Tf>",.i:' of' ,, . t ,• f.·o'"'.'. tri, c· li r 
.5(.. .... ck fr~.-:ure t e.R tc a.nc. with r, bet•n· '~,.:i _,. . ,, 

p rfc 
calibc 
thick 

a t hi!l test , Ht. ,..~:·~<-' :u.nti•-· '! ir. ,·oi~c to. 
A.nd. ~arc - c:; -:i,..ui.s . -n, \. 1 cf :,, :-Cr::· . ·it. 1-- ... ~ 

.. - ::ir .. ,-. c l e !'l.r'. - t : -,.1:; :egicH .. 1.-• "' t l:o 
, '." ~- a ::.1-s:::1 c:,ock f:-ac tur~ • .;t ~ L· · -~~ 'l o 
· "ic h ,.\,ould ir.cr" "'" .. the sr,. c of t~"t:rr · r • }) .. ,.., !dt 0 :" • 

.rt t,; •- d - e1-..;~er.t studica of t r-.t w ld1r.1; :- ,rnor. 
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DE 1ABrlr SIFIED 
SHOCK-FRACTURE P:CRFO.RMANCE OF ABHOR #206 (l" THICK) 

Finger Finger Principal 
on off Limit Velocity Direction 

ft./sec. ft./ sec. ft./ sec. BID; of Rolling -
2462 2505 2480 ±25 257 Transverse 
2408 2406 2400 .:!:25 286 II 

2371 2456 2415 :!:25 298 11 

2340 2488 2425 :t,50 307 II 

2251 2398 2320 ±25 ~9 " 2386 2484 2425 .:!:25 323 II 

2090 2146 2125 :t,25 341 II 

2670 2728 2700 :t,25 264 Langi tudinal 
2600 2625 :t,25 295 II 

2486 2568 2525 :t,50 311 II 

2586 2629 2600 ::!:.25 311 II 

2376 2554 2500 :t.50 323 ti 

2418 2497 2460 ::!:.25 341 II 

2451 2731 2475 ±25 355 II 

DECLASSIFIED 



DEC ASSIFIED 
TABLE II 

RELATION OF SHOCK- FRACTu1IB .ANP H-PLATE ( 75 mm. ) '.!'EST BBSUliTS 

Shock-Fracture 
Limit Velocity 

~ H- Plate ,.!). • 

1r ft .L sec. 

169 Ternstedt 38 2200 ;t.200 ( 3) * 
Zo7 Ternstedt 58 1830 :t.50 (3) 
168 Teri;tsted.t 61 1950 :t.50 (3) 
198 Ternstedt 63 l 770 j:100 ( 3) 
199 Ternstedt 65 1790 =4Q (3) 

202 Ternstedt 76 1820 ,±90 ( 3) 
203 Ternstedt 78 17~0 +50 ( 3) 
204 Ternstedt 80 1990 ~PO °(3) 
208 ':fernstedt 82 l~Z0 !!::,50 (3) 
200 Maremont H- 1000 1875 :t.85 (3) 

Automotive 
180 So.Cal.Div.33 ~40 +40 ( 3) 
181 Cater pillar H5 

- ., 
(4, ~450 -f:.50 

186 Cadillac 80 ~.200 ;t.150 ( 3) 
187 Cadillac 81 +990 ±_50 (3) 
182 Heil 12 2350 +50 (4) ..., 

183 Heil 13 2300 ±_50 ( 4) 
205 Heil 14 1900 :t,50 (3) 
170 Gordon 1 1920 ±.40 (3} 

* Number of fair shots. 

L Direction of roll!ng longitudinal. 

T Direction of rolling transverse. 

*• First value cra.cxing ip leg welds. 

L 
T 
T 
'l' 
T 

T 
T 
T 
T 
T 

T 
L 
T 
T 
L 

L 
T 
T 

Second value total cracking in H-plate. 

Average Length..._. 
of Cracking on 
Ba.ck of H-Plate 

inches 

10 1/2 - 13 1/2 
26 1/2 - 26 3/4 
15 3/4 - 17 3/4 
18 3/4 - 30 1/2 
29 1/2 (l) 

18 - 25 1/2 (l) 
36 - 38 (l) 
22 - 30 1/2 (1) 
12 - 20 1/4 (1) 
24 1/4 (1) 

11 1/2 (2) 
1 1/2 (3) 
13 1/4 (1) 
17 - 19 l/4 (1) 
5 1/2 (2) 

10 1/ 4 ( 2) 
10 (3) 
20 0.) 

DECLASSIFIED 
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DECLAS~it-lt:.U 
T.A.BLE III 

RELATION OF SROCK-FR.ACTlm:8 AND H- PLATE (57 IDI!l.) TEST RESULTS 

Average Length** 
Shock-:FractUl'e of Cracking on 

Aberdeen Li.mi t Velocity Back of H-Plate 
:NRL rfo H-Plate 'if fto1/sec. inches 

* (3)* 197 TH 59 ,~ 2110 ( 3) C 5 1/4 
184 TH 62 2280 ±.140 ( 3) C 4 (2) 

201 Cad 76 2360 ±_75 ( 3) T 4 1/2 - 4 3/4 ( 2) 
190 GMTC 39 1850 ±_140 ( 3) T 6 1/2 (l) 

193 GMTC 40 2350 ±.50 ( 3) L 0 (1) 
185 GMTC 41 2240 .::90 ( 3) C 13 (1) 

192 GHTC 42 1700 ±.20 ( 3) T 19 1/4 - 20. 1/2 
189 GMTC 43 ✓,, 19?8 ( 3) T (0) 

188 GMTC 44 .~- 2JD3 ( 3) L 7 1/2 (2) 
191 GMTC 45 :.>2286 ( 3) L (0) 

111 Number of fair shots. 

** First value cracking in leg welds and plate. 
Second value total cr~.cking in H-plate. 

T Direction of rolling transverse. 
L Direction of rolling longitudinal. 
C Cast armor. 

DECLASS~FIED 
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DEC S FIED 
(COPY) 

REPORT NO. AD-73 
SHEET + OF 'l 

DATA ON SHOCK TESTS OF WELDMENTS 

~=~~ B&RI;'fUWsf!-!Tf $'f!Zitf'!it:%iN~~E N? • luif!if ttffl a !:~~r~it\m'~Mw"~~/,;:t'S 1~os'E,t,: f~i~f BT/411 

ONLY &CK CRACKING SHOWN 

( 

I ~ 

RD. 1 ., VEL. 776 FT/SEC . 
HIT/ ,L!FTOF ~lrl/T LEG ANDbt~llw'CROSS WELD 

CROSS WELD CRACK FROM LEG , 
LEFT IEG CRACK WITH CROSS Vl'ELD , 

1.1t"'RIGHT LEG CRACK WITH HU 8£J.~w CROSS VfELD ,,,;~"F.Z. 

BACK 
CROSS WELD CRACK FROM LEG, 

,LEFT LEG CRACK WITH CROSS WELD , 
ti{ RIGHT LEG CRACK WITH ea. Bt!L41o/CROSS 'liELD,Ri.l. F. Z. 

RD. =z_ VEL. 713 FT/SEC . 
HIT Olf ~ J..~F7 LEO AND.:li:"'.fllotfCROSS WELD 

t/'' CROSS WELD CRACK :?ROM J.£fT LFG , R-'~ F.2 . 
6y ''LEF1' LEG CRACK WI THbi'.C 1J,81Vl! CROSS WELD, /¾- F-Z . 
/ /~-RIGRT LEG CRACK WITHH.££ 'ljt;U-.1 CROSS WELD ,i*F- z . 

BACK S " CROSS WELD CRACK FROM J..GrT LEG ~ H d.'H.Z. 
, .• LEFI' IEG CRACK WI TH 3• #801'£ CROSS WELD: '5j " F.2. 

,5'H RIGHT LEG CRACK wITH rn>B11v-£ CROSS WELD,11.f .. 1,z 
11:tr flOf/~dNTHI. Ml.Got= tf "YE,fTIC-/11.. l/UL~E . 

RD. VEL . FT/SEC . 

HIT OF LEG AND 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT I.EG CRACK WITH 

BACK 
CROSS WELD CRACK FROM 

LEFT IBG CRACK WITH 
RIGHT LEG CRACK WI TH 

CROSS WELD 

µa . 
CROSS WELD , 
CROSS WELD , 

LEG , 
CROSS WELD , 
CROSS WELD , 

IMPACT O V/ELD CRACKING ~ 
FUSION ZONE CRACKING (F. Z. )~ 

(vfWELDS SATISFACTORY 
( ) WELDS UNSATISFACTORY 
() SUGGESTS REWELD 

HEAT AFFECTED ZONE (H.A.Z. )-

REMARKS /.()Cf/Till( .?F ,Vfl.- £&f1 'PJ.£ 
q yl(/{(,o/ 

FORM NO WAS- 2 SHEET 3 
SCALE 1/16 

PLATE 27B 
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(COPY) 
REPORT NO . AD-1 28 
SHEET 7' OF ~ 

DATA ON ffi OCK TESTS OF WELDMENTS 

SUB!HTTED BY T1:RAIS[€RT /l((U'.UFACT(JlllN6: tJtV: PLATE NO . Tlf 511 
ARMOR M!'R <i;RERT ua:s: STE£{., ?aMPAKf TYPE L" Q.641,(P #.t'-114 
ELECTRODE _ __.JI_~.ta.7'.u._'/L~~.i'-'~:b.-1,t;BJ...~...,,,....---------PURPOSE evRLtf'lCIUIP+' 
PROJECTILE ,~Boo£ f>._Kt>iI..lca~, r.- 2/ DATE 11-~K-.f/4 
TE.~?BRATURE offlif.A¥E AT TIME OB' 'I'RSTING __,i~£"--'•F:..-------------

0NLY BACK CRACKING SHOWN 

I 

.-iii MPlt 

l l \ I' 

RD. VEL. 73 ~ FT/SEC. 
HIT f"J.SFT OF LEFT" LEG AND.fj°~~u~ROSS WELD 

CROSS WELD CRACK FROM LEG , 
,,..LEFT LEG CRACK WITHJiU IJ~"v CROSS ~ELD, llLI- r.,Z, 

RIGHT LEG CRACK WITB CROSS WELD, 

BACK 
, " CROSS WELD CRACK FROM /,,£Fr LEG, -

,1·LEFT LEG CRACK WITH I" esov£ CROSS WELD ,11-'" F.Z . 
RIGHT LEG CRACK WITH CROSS ViELD , 

RD. "- VEL. '177 FT/SEC. 
HIT ~"//iNTOF /fl~ LEG ANDrAeo.-£ CROSS WELD 

CROSS WELD CRACK FROM LEG, 
/,. LEFT LEG CRACK WITH FIU. ,'/'9)YE CROSS WELD ,/11..I. ~ :Z. 

,.z~·RrGHT LEG CRACK WITHai /1841'• CROSS WF.LD ,IS'u;1r;w,; 
,_ 1!,. PI..NTI: Cl{HC.( 

BACK 
/" CROSS WELD CRACK FROM L£FT LEG -

19" LEFT LEG CRACK WITH I " 1180 VE CRO ss WELD :nu F. J, 
,~,.·RIGHT LEG CRACK V:1,TRflL.L ROovl CR0SS WELD ,'-~·r..i; 

7' ;i I ~ " 'r i. ,9'7.f" <!it/IC. I( I, • /I. ff, J. 

RD. VEL. Fr/SEC. 

HIT OF LEG AND 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT LEG CRACK WITH 

BACK 
CROSS WELD CRACK FROM 

LEFI' LEG CRACK WITH 
RIGHT LEG CRACK WITH 

CROSS WELD 

LEG, 
CROSS WELD, 
CROSS WELD, 

LEG, 
CROSS WELD, 
CROSS WELD, 

IMPACT O WELD CRACKING ~ 
FUSI ON ZONE CRACKING (F.Z. )f'"", !)I' 
HEAT AF FECTED ZONE (H.A.z.)-.:;::.;;:; 

() WELDS SATISFACTORY 
( v( WELDS UNSATISFACTORY 
( ) SUGGEST REWELD 

REMARKS --------~--------------------

SHEET 3 
SCALE l/16 

FORM NO WAS- 2 

DECLASSIFIED PLATF. 2R'R 



E 



(COPY) 
REPORT NO . AD-73 
SHEET 8 OF j 

DATA ON SHOCK TESTS OF WELDMENTS 

SUBMITTED B'I 1EBN.S Tt:.DT Mll(IFRC[(Wlffr 'DIV PLATE NO . Ifl - /.I 
~g~R= -iJf.84{:;'jff ~,,';j~ : p;rJosi J";ffjHXf/ 
PROJECTILE zoYtXZL P/lePE PHot@1L£ DATE ,a-nrt.:z TEMPERATURE oF -PIJ\.TE A"'T TfME M ~ING __ w4~s~•------------

Ol'7LY BACK CRACKING SHOWN 

J . , 

. . 

~ 

(: 

\ 

RD. I VEL. 7l tJ FT/SEC . 
HIT l ·J.£f1 OF ~/Gllf LEG ANDIS"RBOJlCROSS WELD 

'/. CROSS WELD CRACK FROM f f'tGHT LEG,flJ.L r.l. 
LEFT IBG CRACK WITH CRO~S WELD, 

<ff RI GHT LEG CRACK WITH.l,t"f?BoVt. CROS S 'NELD , J" r.Z . 

BACK 5 -- CROSS WELD CRACK FROM /i'l~IIT LEG , flJ.L lf-2, 
LEFT LEG CRACK WITH CROSS WELD , ,1~· RIGHT LEG CRACK vnTHf'' R/UV~ CROSS 'l!ELD , lb~"F, ,:. 
Ii',/ "}IO/rlZPKTHL BUL&-i:. r V£ !(Tl C HL 1JtJ L firE 

RD. "'- VEL. 1.1'5 FT/SEC . 
HITIW'LUTOF J.£fT LEG AND, ·'8!"0IJCROSS WELD 

If' CROSS 
1
flELD CRACK FROM /ilw-KT LEG flt.I. F. Z. 

,,¥/·LEFT LEG CRACK WITH ' "aBoi" CROSS ','.'ELD:,1~·F. .Z. . 
9fi RIGRT LEG CRACK WITH 7 '' RIIO'IE. CROSS WELD . ;" F. Z., 

5f'CROSS WELD CRACK FROM fl/G-Hi LID ,!,' F.Z. BACK 
j'J." LEFT LEG CRACK WITRtt ".i£l.OLJ CROSS WELD , 2/ "f, 'Z. 11r RIGHT LEG CRACK WITH f • /I /JIVI: CROSS \'/ELD ,,-.4 f.l, 

r!lo11121JNrH1.. eui.GE '4"V£RT1c.a1_ 811.'-• 

RD . VEL. Fl'/SEC. 

HIT OF LEG AND 

CROSS '!','ELD CRACK FROM 
LEFT IE G CRACK VIITH 
RIGHT LEG CRACK WITH 

BA.CK CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT LEG CRACK WITH 

CROSS WELD, 

LEG , 
CROSS WELD, 
CROSS WELD, 

LEG , 
CROSS V/ELD, 
CROSS WELD , 

IMPACT 0 ·1:ELD CRA CKnlG ~ 
FUSION ZONE CRACKING (F.Z . ) i5" ti 

( V') 'i;ELDS SATISFACTORY 
( ) '.'/ELDS UNSATISFACTORY 
( ) SUGGESTS RE':.ELD 

HEAT AFFECTED ZONE (H.A . Z . ) ;;:,,.,..,. 

REMARKS bd C, {lWtl Of ,¥8L S{Uf~Lt 
lltvt(HowN' 

SCALE 1/16 

FORM NO WAS- 2 
SHEET 3 

PLATE 29B 

DECLASSI -I D 





~ . ...,.. .. ( COPY) 
REPORT NO . AD-130 
SHEET f OF lo 

DATA ON SHOCK TESTS OF WELDMENTS 

RD . I VEL. 711 FT/SEC. 
HI T ON f8L(FT LEG AND rl£UU::ROSS WELD 

16!" CROSS WELD CRACK FROM J..Efr LEG ,fl LL F. 2 , 
,,. LEFT LEG CRACK WITH /ILL. 8,t.ow CROSS WELD ,'1¼/'F..Z . 

RI GHT ~G CRACK WITH CROSS V'iELD , 
~ ", , •' fJ./IT E C. If fl(!l(S 

BACK ,1,Y CROSS WELD CRACK FROM LEG JS,« F. Z. 
I/~" LEFT LEG CRACK Vi!TH. ffLL IJ't.OIJ CROSS WELD ,HI-L /I.If.~. 

RIGHT LEG CRACK WITH CROSS WELD , 

Jf;'; +'i " PJ.HT~ Cf/Hets 

RD . VEL. FT/SEC . 

HIT OF LEG AND 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT IEG CRACK WITH 

BACK 
CROSS V1ELD CRACK FROM 

LEFl' LEG CRACK WI TH 
RI GHT LEG CRACK WITH 

RD. VEL. Fr/SEC . 

HIT OF LEG AND 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WI TH 
RIGHT LEG CRACK WITH 

BACK 
CROSS WELD CRACK FROM 

LEFT LEG CRACK WI TH 
RIGHT LEG CRAC?;: WITH 

CROSS WELD, 

LEG, 
CROSS WELD, 
CROSS WELD , 

LEG , 
CROSS WELD , 
CROSS WELD , 

CROSS WELD, 

LEG , 
CROSS WELD , 
CROSS WF.:LD , 

LEG , 
CROSS WELD, 
CROSS WELD, 

V IMPACT WELD CRACKING~ 
FUSION ZONE CRACKING (F . Z.)~ 
HEAT AFFECTED ZONE ( H. A. Z.~ 

() WELDS SATISFACTORY · 
( ....-}' WELDS UNSATISFACTORY S~£ Lll5T PI/G-I: 
( ) StGGESTS REWELD 

REMARKS ____________________________ _ 

SCALE 1 /16 

FORM NO WAS- 2 SHEET 3 

DECt.ASSI -IE 
PLATE 30B 



- - ----------- . ~---- ~ -- - . ·-----------



MRL SHOCK FRACTURE SPECIMEN, DOUBLE V WELDS AT BASE OF FINGERS, 

DE(jlASSiFIED PA.ATE J/ A -· . 



-- (COPY) 
REPORT NO . AD- 130 
SHEET 8 OF /4 

DATA ON SHOCK TESTS OF WELDJ.1ENTS 

~~r~ m BfjfD{;;'!f ;:_f'fJfff!!& PIil ~~E ~o.: la!Ji '§;;MO 
ELECTRODE j):fonriUI AfMAfdP PURPOSR Q JJ/fLJ£1C8lt44t' 
PROJF.CTILE 3.sM4tJf,V P8q:1'El"T{4ft TiU DATE ___.IJ.,&2;;.s..-{J.~y.,.;z ___ _ 
TEMPERATURE OF m TE Air TIME oP TE8Tttm _ ... ,~fi--•...1:F ___________ _ 

ONLY BACK CRACKI?!G SHOWU 
RD . I VEL. 179 FT/SEC . 

HIT~fl!FT OF J.£FT LEG AN!).S'~-UIJCROSS WELD 

CROSS WELD CRACK FROM ,or LEFT LID CRACK WI THNLL 8£U4/ 
RIGHT LEG CRACK WITH • * • I~ .,.. PL/IT~ t!tR~f.J" 

LEG 
CROSS WELD,R.U /1./1.2. 
CROSS WELD, 

I 
BACK CROSS WELD CRACK FROM LEG 
11t" LEFT LEG CRACK VlITHK,a QCl."'41 CROSS Wfil..,D ,/IU. Hfi,'1.. 

RI GHT LEG CRACK WI TH" CROSS WELD , 
fi; t~ • fi./lf£ t!I/HC'l'S 

RD • VEL . FT/SEC. 
. HIT OF LEG AND 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT LEG CRACK WITH 

BACK 
CROSS WELD CRACK FROM 

RD. 

LEFT LEG CRACK WITH 
RIGHT LEG CRACK WITH 

HIT 

CROSS iIBLD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT LEG CRACK WI TH 

BACK 
CROSS WELD CRACK FROM 

LEFT LEG CRACK WITH 
RIGHT LEG CRACK WITH 

CROSS WELD 

LEG 
CROSS VlELD, 
CROSS WELD , 

LID 
CROSS WELD , 
CROSS WELD , 

LEG , 
CROSS WELD, 
CROSS WELD, 

LEG, 
CROSS WELD 
CROSS WELD: 

IMPACT (!) WELD CRA 
() WELDS SATISFACTORY 
() WELDS UNSATISFACTORY 

~ ) suGGEsTs REWELD SEE J.RfT PRoE CKIN<+~ 
FUSION z01rn CRACKING (F.Z.) ;t'f•'!!. 
HEAT AFFECTED ZONE (H.A.Z.) •V>til._,.. RE1'1ARKS _________________ ___________ _ 

FORM NO WAS- 2. SHE"ET 3 

DECLASSIFIED 

SCALE 1 / 1 6 

PLATE 31B 



PLATE 32 A 



REPORT .NU. Au- ...... ., 

SHEET -,_ OF l'f 

DATA ON SHOCK TESTS OF WELDMENTS 

ONLY BACK CRACKING SHOWN 

0 

\ 

) 
, 

' 

RD. I • VEL. ?~IFT/SEC . 
HIT.Z.f LlfTOF Un LEG ANDf~-OJlACROSS WELD 

CROSS 'l'/ELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT Lm CRACK WITH 

LEG, 
CROSS WELD, 
CROSS WELD, 

BACK 
CROSS ~ELD CRACK FROM LEG , 

LEFT LID CRACK WITH CROSS WELD, 
RIGHT LEG CRACK '/'fITH CROSS WELD, 

'!,·IIIJII/.Zl>KTIIL 41/L'E 1,w, ·',1£,fTICRL BIJJ.~E 

RD . · ;( VEL. ?1-S FT/SEC. 
HIT/f/J/'7 OF /?/fZJIT LEG A'ND 1fi11M CROSS WELD 

7' CROSS 7,"ELD CRACK FROM t( I ,11, LEG, RI.I. F.Z.. 
LEFl' LEG CRACK WITH CROSS WELD, 
RIGHT LID CRA,.CK \'ll'.l:H CROSS WELD, 

11• PJ..IITE ~/fRC.¥ 
BACK 

7J" CROSS \7ELD CRACK FROM /?lrl(T LFIJ ,HlLF.Z. 
LEFT LEG CRACK WI TH CROSS WELD, 
RIGHT LEG CRACK ',"ITH CROSS WELD, 
If'" PJ..~TE ~I/RC~ 

RD . VEL. FT/SEC. 
HIT OF LEG AND CROSS WELD 

LEG, 
CROSS "l'lELD, 
CROSS WELD , 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT LEG CRACK WITH 

BACK 
CROSS WELD CRACK FROM 
LEFT LID CRACK WITH 
RIGHT LEG CRACK WITH 

LEG , 
CROSS WELD, 
CROSS ':'TELD, 

(:) DIPACT WELD CRACKING~ 
FUSIOI-T ZONE CRACKING (F . Z . ) -, t P 
HEAT AFFECTED ZONE (E' .A . Z. )......, 

( ) 'llELDS SATISFACTORY 
( ) WELDS UNSATISFACTORY 
cvr SUGGESTS RE'liELD 

REMARKS b4C!RTIIN ~F H(?L S,9MPLE UNKIY4VN'. 

FORll. NO \'lAS- 2 SHEET 3 SCALE 1/16 ..... 
pl ate 32B 

DECLAss, 





DEC· 



DATA ON SHOCK TESTS OF WELDMENTS 

(COPY) 
REPORT NO. AD-119 
SHEET f OF If" 

RD. I VEL. 7t'' FT/SEC. 
HIT,Ull OF ,,&HF LEG AND1J•11l"41£CROSS 'l'.rELD 

CROSS WELD CRACK FROM LID:1, 
LEFT LEG CRACK WITH CROSS WELD, 

J•• RIGHT LEG CRACK VlITHlf"/18oV• CROSS WELD, ;Ill. ff.R.z. 

BACK 
J" CROSS WELD CRACK FROM 

LEFl' LEG CRACK WITH 

RI~# T LF.G' flJ./, F.,l. 

,,., RIGHT IEG CRACK WITH/I' "aotlE 
: ''fft o/lDII~ I' <!. 11/ICJ( 

RD. VEL. FT/SEC. 
HIT OF LEG AND 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT IBG CRACK WITH 

BACK 
CROSS WELD CRACK FROM 

RD. 

LEFT LEG CRACK WITH 
RIGHT LID CRACK wrm 

VEL. FT/SEC. 
HIT OF LEG AND 

CROSS WELD CRACK FROM 
LEFl' LEG CRACK WITH 
RIGHT LEG CRACK WITH 

BACK 
CROSS WELD CRACK FROM 

LEFT LID CRACK 'MITH 
RIGHT LEG CRA°iK WITH 

CROSS WELD, 
CROSS WELD,Ht, H.11,1. 

CROSS WELD 

LEG, 
CROSS WELD, 
CROSS WELD, 

LEG, 
CROSS WELD, 
CROSS WELD, 

CROSS \'.-ELD 

LE:G, 
CROSS (,:ELD, 
CROSS '.":ELD, 

LEG, 
CROSS ','/ELD, 
CROSS WELD, 

IMPACT (:) WELD CRACKING~ 
FUSICN ZONE CRACKING (F . Z. )~ 
HEAT A:<'FLCTED ZONE (H. A. Z. )-

( ) WELDS SATISFACTORY 
( rl" '.'-:ELDS ursAT!SFACTORY 
( ) SUGGESTS RE'::ELD 

REMARKS 7>LRTf DQ(iS KOT M(ET BHHJSOC. 8.lfll/f,£MEN1$ R/S Uz- 3 

FORM NO \'IAS-2 SHEE'l' 3 SCALE 1/,16 ..... PLATE 3:3B 

D CU\SS~F ED 





DECLASS FIED 
lCOPYJ 

REPORT NO. AD- 119 
SHEET /2, OF I'{ 

DA.TA ON SHOCK TESTS OF WELDMENTS 

suBMITTED BY T£KKSTi/Jl ,rRN£JF6C-ruf/tt<ft ail/ PLATE No . TH -rtJ 
ARMOR lffl< G(,.,,~~~0 STE/fL TYPE -1.• /fPAL{iQ °Mul4 
ELECTRODE = l(j~_!U'EJ.f. PURPO"SR que41F1C, A714fl 
PROJECTILE 7rda.. f)Hoof PbtfEI' 1.iJ, E I+ 1 DATE U -1,a -t/.:1 
TEMPE?.ATUUE 6FtltATE 1i.T7rfiM'of:F0¥f.~nfu __ , ... £ ... •...,f _______ , ____ _ 

ONLY BACK CRACKING SHO'llN 

0 

IIRL tR,n.o.t# 

l l 

RD . I VEL. 1:rr FT/SEC . 
HIT2i"fl',tr'OF fiJ6-H7 LEG AND.i; ,f"'~Lt:>IJ CROSS WELD 

5~• CROSS WELD CRACK FROM - LEG , -
LEFT LEG CRACK WITH CROSS '\";ELD, 

1, 0 • RIGHT LEG CRACK WITH 2 " ltlQV~ CROSS V-:ELD, 111.L,,;. Z 

BACK ff' CROSS 11:ELD CRACK FROM 1(1~/IT LEG , I~ " F. Z . 
LEFT LEG CRACK WITH CROSS WELD, 

i,"RIGHT LEG CRACK WTIH l/"fl60ft.: CROSS WELD, f!. "N,R.Z . 
1f, •Jl~t1z.orTRJ. Ill .. ~ ;J(/'VtfTICl?J. auttff t. "r.2. 

RD. VEL. FT/SEC. 

HIT OF LEG AND 

CROSS WELD CRACK FROM 
LEFT LEG CRACK 'IHTH 
RIGHT LEG CRACK WITH 

BACK 
CROSS WELD CRACK FROM 

RD . 

LE.FT LEG CRACK WITH 
RIGHT IEG CRACK WITH 

VEL . FT/SEC . 

HIT OF LEG AND 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT LEG CRACK ~ITH 

BACK 
CROSS WELD CRACE FROM 

u:FT LEG CRACK 'NITH 
RIGHT LEG CRACK ViITH 

CROSS WELD 

LEG, 
CROSS WELD, 
CROSS ';iELD , 

LEG , 
CROSS WELD , 
CROSS WELD, 

CROSS WELD 

LEG , 
CROSS WELD, 
CROSS WELD, 

LEG, 
CROSS WELD, 
CROSS WELD , 

~ ' 
( ) WELDS SATISFACTORY 
( ~ WELDS UNSATISFACTORY 
( ) SUGGESTS RE'!:ELD 

IMPACT \',ELD CRACKING ~ 
FUSION ZONE CRACKING (F , z.) ,¥•~~ 
HEAT AFFECTED ZONE (H.A. Z. )......., 
REMARKS ______________________________ _ 

FORM NO WAS- 2 SHEET 3 

SCALE 1/ 1 6 

PLATE M B 



DE 
PLATE 34 -C 

. --- - ---~-
- . -





(COPY) 
REPORT NO . AD-144 
SHEET 4 OF 6 

DATA ON SHOCK TESTS OF WELDMENTS 

s1JB1!ITTED BY Tffl'qfDr J!ll'"'1£BCWCJI'+ 40 PIATE NO- _...,r ... l(.__.l""rl-----
AllMOR 1'FR gflfl'Z flf/(£5 TYPE / " ,Yt/lf D /(A i!(.D 

1:.LbcTr.oDE :~~Mi~~c u;: ~~ f:~~ '-, PURPOsE ...l)EtFtl PMf NT 
PROJECTILE --~' __ !- /J.IL-- P.fl,I ---~- ~= DATE ,

2 
-;, f·#----------------TEMPERA.TURE t5 A 1' :i:; oF T N ' 

0 NL Y BACK CRACKING SHOWN 

' 
,,wi. "'"""' 
~ \ 

RD. I VEL .7'"'-FT/SEC . 
HITf*~fT OF ,~11r LEG ANDS"/18Dr4 CROSS WELD , 

, V CROSS 't/ELD CRACK FROM /i'IG-HT LEG, -
t!fLEE'r LEG CRACK wrrHH"- ,,. .... , CROSS vrELD,/1'-'- F. z 

,,,,, RIGHT LEG CRACK ~ITH IU- lf8WE CROSS WELD, ftL'- F. Z, 

,. .rt ... ;,ur~ ali R<!'I.. 

ll " CROSS WELD CRACK FROM - LEG , -BACK 
~·· LEFT LEG CRACK WITH. RJ.L guolrJ CROSS WELD, -

I !>-" RIGHT LEG CRACK WITR IU.'- ,4 aot£ CROSS WELD. ,r f,Z' 

1 ~ ., f'J..Hl E (! I~(' 

RD. VEL . FT/SEC . 

HIT OF LEG AND 

CROSS VTELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT LEG CRACK WITH 

BACK 

RD. 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT LEG CRACK. WITH 

vEL . FT/SEC. 

HIT OF LEG AND 

CROSS WELD CRACK FROM 
IE FT LEG CRACK VIITH 
RIGHT LEG CRACK WITH 

BACK CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RieniT LEG CRACK WITH 

CROSS 'i~D, 

LEG, 
CROSS WELD , 
CROSS WELD , 

LEG , 
CROSS WELD, 
CROSS WELD, 

CROSS WELD, 

LEG, 
CROSS WELD, 
CROSS Vl'ELD , 

LEG, 
CROSS WELD, 
CROSS ViELD , 

( ) WELDS SATISFACTORY 
( "1" WELDS UNSATISFACTORY 
( ) SUGGF.STS RE\\"El,D n:PACT 6) ·HELD CRACKING ~ 

FUSION ZONE CRACK (F.Z . )~ 
HEAT AFFECTED ZONE (R. A. Z. )~ 
RF.MARKS _:J',,:...b.4~£l~TA£i--.w~r~,~a~,~ar..-~►,~,~T.DH~¼t~·· --='¼~1~,~•l-~1/.~9-"~1'iabL~£~e~r~B,u.OuD~£---S1------­

f 

SCALE 1/16 

FORM NO WAS- 2 
SHEET :3 

PLATE :35B 



• 

OECLASSnrlED 





_,.._ 
(COPY) 

REPORT NO. AD-109 
SHEET ol. OF II 

DATA ON SHOCK TESTS OF WELDME1'TS 

RD. I VEL . 76 2- FI'/SEC . 
HITl~",f'"11:>F 'Rt,##1' LEG AND5~~£,61JCROSS V!ELD 

CROSS W'ELD CRACK FROM LEG , 
LEFI' LEO CRACK WITH CROSS WELD , 

/j" RIGHT LEG CRACK WITHf1LL D£Uk/CROSS WELD, f1LL l'I.R.1.. 
If -~ J ~ " "PJ.RT£ CJ(Re/(5 

BACK CROSS WELD CRACK FROM LEG , 
LEFI' LEG CRACK WITH CROSS WELD, • 

,r1,,"RI GHT LEG CRACK WITH~ PR8oY£ CROSS \~'ELD/S"F.z.,ft"·•
1 

l"W/{Ttc.li.. 1JVL.Gr '-.. ~L~ Cf/1(:.J( 

RD, 
HIT 

VEL. 
OF 

FT/SEC . 
LEG AND CROSS WELD 

CROSS ·;rELD CRACK FROM 
LEFl' LEG CRACK WITH 
RIGHT LEG CRACK WITH 

BACK CROSS 'J'ELD CRACK FROM 
LEFI' LEG CRACK WITH 
RIGHT LEG CRACK WITH 

LEG , 
CROSS WELD , 
CR':'SS WELD , 

LEG, 
CROSS -:;ELD , 
CROSS l','ELD, 

RD . 
HIT 

VEL . 
OF 

FT/SEC . 
LEG AllD CROSS WELD 

CROSS ':;ELD CRACK FROM 
LEF'I' IEG CRACK 7iITH 
RIGHT LEG CRACK WI TH 

BACK 
CROSS WELD CRACK FROM 

LEFT LFG CRACK VITTH 
RIGl'T L-SG CRACK WITH 

LEG , 
CROSS '.','ELD , 
CROSS WELD , 

LEG , 
CROSS WELD , 
CROSS WELD , 

() WELDS SATIS~ACTORY 
( v( WELDS UESATISFACTORY 
( ) SUGGESTS RE'SELD 

l!iJlACT 0 ·,•;ELD CRACKING ~ 
FUSION ZONE CRACKIJ:!GJ(F . 'Z . ) ~.,e 
HEAT AFFE.CTED ZONE (H . A. Z . ) __...,, 
RIDlA.RD:; __________________ ___________ _ 

FORid. NO ViAS- 2 
SHEET 3 

IF ED 

SCALE l/16 

PLt>.TE 36B 



. . . 
.~ 
r 

PLATE . 37 .A 



(COPY) 
REPORT NO . AD-9_3 
SHEET 9' OF J., 

DATA ON SHOCK TESTS OF WELDMEl."l'S 

i~~~EBY t!Jtl'~~!~-1...,.~....,:--m~13~~~1U~~~~;-g .... --~il,,l,,-"""~-: .... cs __ ~ st:£3i-}~~~_,,J~l£.,;_c_lf_j_}...,.
4,~-=-

---------------TEIJIPERAT!JRE~isTING ' 

0 NL Y BACK CRACKING SHOWN 

f 

( 

\ 

RD . I VEL. 773 Fr/SEC 

HIT ()II 
OP ~ LEG AND1i;f~• CROSS WELD 

CROSS WELD CRACK FROM LEG, 
. 

~"LEFI' LEG CRACK WITH lfl.l.. {f/lD1E CROSS WELD,-
RIGRT LEG CRACK WITH CROSS WELD , 

BACK CROSS WELD CRACK FROM LEG, 1.2'/i' IEFI' LEG CRACK WITH J" Brtot.J CROSS WELD 7 '{" F. 2. , 
RIGHT LEG CRACK WITH CROSS WELD, 
l".i '' l(1f?O, 011Tf#'- 8DLa,t: 1¢1," y£/(1'1C.HI. gui,Gt 

RD . 2.. VEL . '7'77 FT/SEC . 
HITJr,c,(fT OF lfl'-"7 LEG AND/3'!a~c.>CROSS WELD 

~ CROSS WELD CRACK FROM 
7~ LEFT LEG CRACK WITH i'-'"- II.id/If. 

LEG, 
CRQSS WELD ,If'/: Z. 
CROSS WELD , 

RIGHT LEG CR.A.CK WITH ./ 
'Ii "

1 
3 1 • JJl.flTE" <:!. RIie." 'S 

BACK CROSS WELD CRACK FROM LEG, 
If' LEFT LEG CRACK WITH ~· IJ£J..OIJ CROSS 111,'ELD,~ " F Z. 

RIGRT IBO CRACK WITH - CROSS VlELD, 
Ii," JI {)lf{l,.OlfrRt.. StJI'-• ,~, • Y•lfT/<!HI. '301- r,~ 
ft ;• ,J ~ ~ 1'f . f't.RT £ t R f¾C.tt.S 

RD. 3 VEL. i11 FT/SEC. 
HIT :a~J..H1 OF /ilfrHT LEG AND '-"/lf#TE CROSS WELD 

CROSS WELD CRACK FROM LEG, 
/.:l~ffLEFI' LEG CRACK 'f.ITH '¼-"9H"4J CROSS VlELD, .:dfFZ-

RIGHT LEG C~CK WITH CROSS 'fELD 
I" PL.fff'E C((IICl(S F~OI(. p,r,fll~<IS lfoVl'fD ' 

BACK CROSS WELD CRACK FROM · LEG, 
,~~· LEFT LEG CRACK WITH ~- .8£/.01'1 CROSS wELn,1•//ft,Z, 

RJ.;O,HT LEG CRAG!<. WITH CROSS WELD, 
, >;,•·· Hot1z1J11Tft'- 8v1. l,£ f"r.'' vi~r,c1tt.. 8tJL ~£ 

1ok( .. fl.flTCC(~,tS Ff~A 'Plf~VIOCJS ftot>HP 

DI.PACT (,) WELD CRACK.ING~ 
FUSION ZONE CRACKING (F.'Z. )~•~ 
HEAT AFFECTED ZONE (R.A .Z.)~ 

( ~) WELDS SATISFACTORY 
() WELDS UNSATISFACTORY 
( ) SUGGESTS REWELD 

t\llSI i( ,U" l.cl1{)£ TQ fJT fNTQ Td{ 
REMARKS 1?J-9lf tJNLY 12 " k/10( 

L 411/ff//lll .BUTTS EPR. If ST I 

FORM NO WAS-2 
SHEET 

af HQL rtfMPLi= tlllf?{11Wtr 
SCALE 1/16 

PLATE :37B 

SSIFIED 



DEC.~ 



(COPY) 
FIRING RECORD NO AD- 74 
SHEET ~ OF .:S 

DATA ON SHOCK TESTS OF WELDMENTS 

SUB?i\ITTED BY(',RfEBP/4'-8! 7ffCWR Cofi.PRHr PLATE NO. _..._H-,_5: _ _ _ _ 

~~g~R~: l!~)MfKJ)r5MVa,o IR· i'8U5XU~~ost "/f;~fBc/ii~1/' 
PROJECTILE 7£!i/A. 7.~ 'P~uf.. P~r!! TILE DA TE 'a -,Zt' -~ 
PREHEAT OF PLA11.1E Aif71'rflE" OF WEI'D"INCr d.fJ()•j:' - U)ELDS !#~ S:Oo• f {c.lEl.O i 
TEMPERATURE OF PLATE AT TIME. OF TEST ING "' 

D 

~) 

( t 

--------------
RD. 1 VEL. 75' f' FT/SEC . 

HIT fltr¥T OF (1<:-HiLEG AND il"8".o'4) CROSS BAR 

BACK 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WITH 
RIGHT IEG CRACK V:ITH 

LEG , 
CROSS ·,'.'ELD, 
CROSS \','ELD• 

( IN 
(FUSION 
( ZO?iE 

CROSS WELD CRACK FROM LEG, ( IN 
LE.PT LEG CRACK WITH CROSS WELD, ( FUSION 
RIGHT LEG CRACK WITH CROSS WELD J ( zom: 

11t'fl"lll ~ONTIIL IJCJLr, ,~,- 'IEf?T/t!AJ,. (?OJ.~~ 

RD. :i_ VEL . 1dl Fr/SEC . 
HIT¾• J.Cf"T' OF J.£Fr LEG AND tf l/4'}Ylf CROSS BAR 

BACK 

CROSS WELD CRACK FROM 
LEFT LEG CRACK WI TH 
RIGHT LEG CRACK WITH 

LEG, 
CROSS WELD, 
CROSS i',"ELD, 

CROSS WELD CRACK FROM LSG, 
LEFT LEG CRACK WITH CROSS WELD, 
RIGHT LEG CRACK WITH CROSS WELD , 
'?rr/11,f/V~T/N. 8Ul...-f. ~ " '{ f~TICRI,, SOL 6-£ 

( IN 
(FTJSION 
( ZONE 

( IN 
(FUSION 
( ZONE 

RD. 3 VEL . 7, 1 FT/SEC. 
HI T ¼").EFT OF /.EFT LEG AND.:1.t" {IEJ.oi,./ CROSS BAR 

CROSS WELD CRACK FROM LEG, ( IN '{* LEFT LEG CRACK WITH 1"'/}6/)IIE. CROSS WELD, '9-tL.(FUSION 
RIGHT LEG CRACK WITK , CROSS V,'ELD, ( Z01"E 

BACK 
CROSS WELD CRACK FR9M LEG, ( IN 

"7}." LEFT LEG CRACK WITH ls '~8WE CROSS \\'ELD, / '' (FUSION 
flIGHT LEG CRACK ''IITH CROSS WELD , ( ZONE 

I J IIP/f/20/t'lfll. /j0{.6-t tft~ •y£fll tCl/i. ,8()1.(;E 

(~) WELDS SATISFACTORY 
( ) WELDS UNSATISFACTORY 
( ) SUGGESTS REWELD 

IMl'ACT O HACK CHACKING ,-vtrVVV 
FUSION ZONE CRACKING~ 
REMARK J..tUUiTIDN' aE H/fJ. S:RMPLE //A(,{1(tJL,IN 

FORM NO WAS-2 SHEET 3 

DC 

SCALE 1/1611 

PLATE 38B 



DECLAss,F&eo 

39 A 



0 

(COPY) 
REPORT NO. AD- 113 
SHEET fl OF /0 

DATA ON SROCK TESTS OF WELDMEt"TS 

( 

RD. I VEL • 71"3 Fl'/SEC. 
HITl~'LffT"OF 1w;1tTL'EG ANDrDfJ.(}WCROSS WELD 

CR0SS WELD CRACK FROM LEG, 
LEFl' LEG CRACK WITH CROSS WELD, 

I/" RIGHT LEG CRACK vnTHna Jtlt),J CROSS WELD, 2" n z., 

BACK CROSS WELD CRACK FRO'M LEG, 
LEFT LEG CRACK v:rTH CROSS WELD' 

,.~ • RIGRT IEG CRACK 1nTH!il<l sa o<> CROSS WELD , 1ij" F. ;z, 
I f(.- ff •ftzl)J(T/11. 13 OL 6,/i 7, ·· iflfTICHl /lUL6'' 7 ~ -f( ,R. 2 

RD . ~ VEL. I.P y-t> FT/SEC . 
HTr2~L(F70F J.afr LEG AND ¥ ''A4oVECROSS ·,•/ELD 

CROSS 'NELD CRACK FROM LEG , 
LEFT LEG CRACK WITH CROSS WELD , 

Ill,• RIG 1'T U:G CRACK WITH l.lL 8 .£ l a.J CRC°SS S:ELD , 0 " F. .t , 

BACK CROSS vrELD CRACK FRO?n LEG' 
LEFT LEG CRACK WITH CROSS WELD , 

13~· RIGHT LEG CRACK WITH /IL< l(lW CROSS WELD, I\" f.Z.; 
•r,1."Ho~tz..o wTIII.. (/()J..fr• 1J/'V('l11CilL itJl.€,E 1kt H/(,lf,Z. 

RD. 3 VEL . J/3 FT/SEC. 
HIT 1t 'ijl(;.tf/DF J.~FT LEG AND-'~ BiLocJCROSS WELD 

CROSS WELD CRACK FROM LEG, 
J''LEFT LEG CRACK ,nTH if " 8£LOV CROSS WELD ,RU. (iZ. 

1

1¾' RIGHT LEG CRACK WITH - li"L..icROSS WELD, ;I• f.Z. 

BACK CROSS WELD CRACK FROM LEG, 
, O'LEF' LEG CRACK \'ff.TH tr" /fSoVE CROSS WELD, l>LL JZ, 

/Jlr, • RIGHT IEG CRACK WITR ILL 8£1.0>J GROSS ,raLD, I 1' • F. Z 7~/4- 11Ji.. 

(...r''IfELDS SATIS?ACTORY 

WELD CRACKING :::::= 
( ) ·::EI.,DS UNSATISFACTORY 
( ) SliGffiS'I·S REiiE.LD 

CRACKTIW (F . 'Z.) 
rl.!.n'i' ,,.Fv..:;c:TED ;::,oi,.8 (TI . ~- z.) 

R31!ARKS .J. 1 C, evev O F NII/- 5&'i PJ,J( 11# iiYa "'1f-
SCALE 1/16 

FORM NO WAS- 2 
PLATE :39B 

DECLA.SSL IED 





(COPY) 
REPORT NO. AD- 113 
SHEET f{ OF /~ 

DATA ON SHOCK TESTS OF WELDMENTS 

SUiiUTTED BY (!RDILLRC, MQTQ'l C,od pRN )' PLATE NO , ~~ 
ARMOR MFR 'ioVNG:STPWH SdiO: BHP Tuft~ TYPE f'-11i,'t~ *'~ 
~~~~~LE Pffl_{~~~r.( ~~0~,,.;a..: r 
TEMPERATURE E M 0 

ONLY BACK CRACKING SHOWN 

I) 

~ 

0 

RD. I VEL. 7 75 FT/SEC. . # 

HIT ~ ~ Rl~HT OF RIGHT LID AND.2~ CROSS WELD 
A6oV£ 

?~ •· CROSS WELD CRACK FR-'.:'M fll"HT LEG , 
LEFT LEG CRACK 'N ITH CR0 SS '.':ELD, -

IS'\'' RIGHT LEG CRACK ";ITH b 'S'8£~o&J CROSS 
1
~,'ELD , -

BACK 
,11.t'' CROSS 'NELD CRACK FROM fl/G-N T LEG , -

LEFT LEG CRACK WITH CROSS '.','ELD, 
/7" RIGHT LEG CRACK WITHb';a'' BaOIJ CROSS WELD, /t/~"/:Z 

I\ " /IOR.12.0IITRL. 801..G-£ If' YERTit!RL RtJ 1.~ E . 

R.D. ).. VEI, . &J'I F'l'/SEC. 
HIJ'.1f$r OF /.fFT I,E(} All]) ?'/tlt1V'CROSS Ji'E.£1) 

I['' CROSS ::'ELD CRACK FROM /flr#r LE0~ -
L2F"I' LEG CRACK IHTH CROSS lfELD 

17'' RIGHT LEG CRACK WI TH1 " 4El.t>V CROSS l~'ELD : -

BACK 
J !,- •' CROSS WELD CRACK FROM If IG-ff T LEG, -

LEFT LEG CRACK WITH CROSS ':'tELD, 
Jf5t'''RIGHT LEG CRACK WITH7,f i€J..~lt/ CROSS V.'ELD , ttl1"F.Z. 

I~~ " ;lf>/f(J.oNTHl. 8VLG-E ~,Y- "/{l{T~llL 'iJOL&£ ' 

RD. VEL . FT/SEC . 
HIT OF LEG AND 

CROSS 'NELD CRACK FROM 
LEFT LF.G CRACK WITH 
RIGHT LEG CRACK V.'ITH 

BACK 
CROSS WELD CRACK FROM 

LEFT LEG CRACK WITH 
RIGHT LEG CRACK WITH 

CROSS WELD 

LEG, 
CROSS WELD , 
CROSS WELD, 

LEG, 
CROSS WELD , 
CROSS WELD, 

, .~ (:) WELD CRAC 
( ) WELDS SATIS:::-'ACTORY 
( ~ ,\'ELDS UNSATISFACTORY 
( ) SUGGESTS m:::::ELD 

ILPACT KIID ~ 
FUSION ZONE CRACKING (F . Z . ) ~ 
IGAT AFFECTED ZONE (H.A.Z . ) ...,._..v 

Rz..;:.ro::s Lo c:era !I'. a E trli'b Sli'df fl:£ (ll'l(Kowtl 

FORM NO '!lAS-2 SHEET :3 
SCALE 1/16 

PLATE 40B 



PLATE 40-C 



CLASS 



DECLAt,t>U-H::U 
(COPY) 

FIRING RECORD NO AD- 39 
SHEET ~ OF / .s 

DATA ON SHOCK TESTS OF WELDMENTS 

~t 

0 

-~ 
~ C 

I• . '--.. 

" .-< 
i 

(~~ 
s --~ C 

,-i 

RD . • I VEL. 7,;f FT/SEC . 
HIT 1t /il(i,lft'OF /il~HT LEG AND 1{" iJ~1.or.J CROSS BAR 

BACK 

CROSS 'NELD CRACK FROM 
LFFT LEG CRACK WITH 
RIGHT LEG CRACK \';ITH 

LEG, 
CROSS WELD, 
CROSS WELD, 

( IN 
(FUSION 
( ZOUE 

CROSS WELD CRACK FROM LEG , ( IN 
LEFT LEG CRACK '/!;ITH CROSS WELD , (FUSION 

.;it'' RIGHT LEG CRACK WITH.9'' 8f~ROSS WELD, ,,,L.(c....Z.OEE 
Ji· r(0/?(1,0ft'Tfl'- 8/Jt.. £ HllfflLl l'C CRRC( I/II ,-Iii Hr ltffeClfOUJ.t~ 

t'( ref{[tl!.RI- lcJC.Gi: 

RD. ;. , VEL . ?fl 
HI T ;l f £.f'f'1 OF Ltff''f' 

FT/SEC . 
LEG ANDrt//1/10'1~ CROSS BAR 

CROSS WELD CRACK FROM 
LEF'l' LEG CRACK WI TH 
RIGnT lEG CRACK WITH 

LEG, 
CROSS WELD, 
CROSS WELD , 

( IN 
(FUSTON 
( ZONE 

BACK CROSS ~ELD CRACK FROM LEG, ( IN 
, ,LEFT LEG CRACK \'/ITH CROSS VJELD , ( Ft'SION 

.:i rRIGHT LEG CRACK 1::ITH IL'- t3E'°"1ROSS '.':ELD, .HL'-J ZONE 
t~t.. Ho flllOHTfH. (JOL tH HRl/tLIIV~ t!I{~ 
7i-" 'Y cRTICfti 610 1..er" 1H tt. R. i 

RD . } VEL. 7 r' 
HIT 1·f,f/G~T OF Rt(..HT 

FT/SEC . , 
LEG AND:, i ''fl8t11E CROSS BAR 

CRCSS ?:ELD CRACK FROM LEG , ( IN 
LF.FT LEG CRA.CK V/ITH CROSS WELD, ~(FURTON 

I, RJGFT LEG CRACK WITP°fB~Loi...CROSS WELD ;..t ( ZON:3 

BACK CROSS \'.:ELD CRACK FROM LEG, ( Il1 
LEFT LSG CRACK WITH CROSS WELD , ,,(FUSI"N 

11lq "RIGHT LEG CRACK WITH t/;.~~'11,)CROSS WELD JP~ ( ZONE '/ {( • "p HT llt•r,le.TI! b L o /f ~ 

(l) 
( ) 
( ) 

WELDS SATISFACTORY 
WELDS UNSATISFACTORY 
SUGGESTS RE'i,ELD 

IMPACT O ;:.,\CK ca:.c:~n:G ~ 
FUSION ZCNE CRACKrnG ~ 
REMARK /... t1 e e 1%t»I a r d,f'L .[,fM fJ. € vtt4a kid 

SCALE i /16" 

FORM ~~c ':;f.t 2 
SHEET 

PLATE 41B 

DECLASSIF~ED 



[J (..; { ' u 

E 



) 

(COPY) 
FIRING RECORD NO AD-39 
SHEET /~ OF I 3 

DATA ON SHOCK TESTS OF WELDMENTS 

PLATE NO . h'-/3 
TYPE I ~ [/aLL.E Q Ho MO 
PURPOSE t;u/H telCB TIQN 
DATE «A -10-,j'.:J .. 

RD . I VEL . ~02 FT/SEC. 
HIT () ~ Ml ~~Fr LEG AND1" CROSS BAR 

/]~LOW 

CROSS ':iELD CRACK -r.ROM LEG , ) IN 
j~" LEFT LEG CRACK WITR IP''-~O(i.CROSS WELD, - ) FUSI CN 

RIG5T LEG CRACK. ·;,·1TH CROSS WELD , ) ZONF. 

BACK 
CROSS 'HELD CRACK FROM LEG , ) IN 

/O.~ ,EFI' ms. CRACK \'!ITH RJ.L SfLOltRCSS ·;,ELD ,Ji" )p;rsro?: 
iUGHT LSG CRACK •:;ITH Cfl.OS:?, '!:ELD , ) ZCl;'E 

1 t/" HM12.0Nnt'- But.<r, 
1/t '' Yf~r/C.111.. 8111.cr~ 

RD . A VEL . ?fD FT/SEC . 
HIT ~ "l.rfT OF ~I G-111 LEG AND~t·· RBoY~ CRCSf: BAR 

CROSS ,rELD CRACK FROM LEG , ) IN 9 ~ LEF'I' LEG CRACK \'HTHPLL8ELWCROSS '.','ELD ,- ) FtTSJ01! 
&-~' RIGRT LEG CRACK WITH/7" R$or£;ROSS '.'.'EL D,- ) ZONE 

BACK CROSS Y:ELD CRACK FROM LEG , ) IN 
/o\.,'"LEFT LEG CRAC?.: ;;1THnu.B6£4..CROSS \':ELD·"~--) FUSION 
tot" RIGHT LEG CRACr: ·:n:THlh4flc'~ROS" 

1
.'fELD ,,~") ZOl:E 

I 3/
1
" ,. ;./ ()(f ll.<JliT RL fa l)J. fi-~ 

'JI,/' rE'iHlt!flJ. /3ULG,,E. 

RD. VEL. FT/SEC . 
CROS~.BAR 

HIT 

BACK 

OF LEG A?.1) 

CR~ss \'.'ELD CR!.C'K FROM 
LLFT LF.G CRACK \'i I TR 
RIGFT LEG CRACK WITH 

CROSS ·:.::-:LD CRACK FROM 
L~FT LEG CR.i.c-~ '?!I TH 
RI GI-IT LID GRACY •;;TTH 

(i) ''.~ELDS SATIS::-ACTORY 

LEG , 
CROSS ·1;ELD, 
CROSS '!.'ELD , 

Lf.G, 
CR0S<>- •;.-ELI•, 
CROSS ·::ELD , 

) IN 
)FUSION 
)ZONE 

) IN 
) FP.SIOK 
) 'WKE 

( ) "'FLDS UN"',ATif:FACTORY 

0 
( ) ::;uuur .. -.·i·~ .1:u•.,1-;r.LV 

Irl.P J\CT BACK CRACKING ~ 
FUSION Z01'.'E CR.i,CKING ~ Ne-croM( 
REN,t-.RK vt,o c, rt aF f14sr /MPbC.t 

1-,()Cllt:(llN' t>F tYBb see1e 

FOR¥ NO ·:-:AS- 2 SHEET 5 
SCfcLE 1/16" 

FL:,T~. 4 2B 



PLATE 43 A 



(COPY) 
RF.PORT NO. AD-131 
SHEET .,_ OF ~<f. 

DATA ON SHOCK TESTS OF WELmf.Eh"'TS 

RD. I VEL. 7.J'J' FT/SEC . 
EIT,rJ.!FT OF J.£F1' LEG AND"f[~J.ololCROSS WELD 

CROSS ·,•/ELD CRACK FROM LEG , 
7.f" LEFT LEG CRACK 1NI TH,9,U. 9EJ.fJW CROSS ";:'ELD, :J "r. 2 . 

RI GHT LEG CRACK WITH CROSS ·.r:ELD, 

p 

rtRi fl/1..Pu; 

\ I 

i a 

BACK CROSS WELD CRACK FR~M LEG , ,,_ 
'1 f' LEFT lEG CRACK 1f:ITH RI.L. (J!LOW CROSS WELD )''tl/l·l , .Jf'F.l. 

RIGHT LEG CRACK WITH CROSS WELD 
ti/' Jll)fl2..0tYTl?L Bf//..6'"F 'l'f " VElfTltJI/.. 911tGi 

RD . l, VEL. 77~ FT/SEC . HIT ~N ~ 1flG/ITU:.G ANDJ"/180,< CROSS ,·:ELD 

CROSS '!,ELD CRACK FROM LEG , 
1t"LEFT LEG CRACK WI TH/1LL 8f.J.O\J CROSS WEL.D ,3i "'F.Z. 

RIGHT LEG CRACK WITH CROSS WELD , 

" 

BACK CROSS WELD CRACK FROM LEG, f~ -LEFT LEG CRACK WITH /?LL /,S/Jf/E CROSS ":ELD /'11.RZ.JfF..J. 
,,• RIGHT LEG CRACK '!:ITH ft'iL Q6'0#'ECROSS 1:':ELD , l"F.2 

-7 Hn'lifll,.-c ' ' iJIIOli'/ ZQHT/IL eu1..6-£ .w ~ yE'RT/ C/ll 8{JJ.6f 

l 

~ ( 

D 

RD. 3 VEL. 7.5~ FT/SEC . • 
RIT ~:LEFT OF fl/G-IIT LEG A?:"rod- Baa/CROSS WELD 

CROSS WELD CRACK FROM LEG , 
, ~- LEFT LEG CRACK wrm /11.J. 8£Lt>V CROSS 't:ELD,'/ "f.J.. 

/l ~- RIGHT LEG CRACK WI TH H.LL BEi.Or,,/ CROSS WELD ,HL'- I. Z. 
.,,,,,w PJ./ITI!' ~trtiU ' 

BACK CROSS WELD CRACK PRC'~ LEG, • 
/6• LEFT LEG CRACK WI TH /1.ll /3k /.. Oi./ CROSS WELD /'"IIIIZI~ F.l. 

t~1f RIGHT LEG CRACK VJITH If • 0(/..<> ',,/ CROSS WELD /"'-Z tt•ff/11-
/ 1;_ p 110R1201YTAL 0111-Gf .u., · v!'RTtcflL 8Qt.G£ 

( v( WELDS SATISFACTORY 
( ) 1'tELDS UNSATISFACTORY 
( ) SUGGESTS RE'::ELD 

rnPACT () V!ELD CRACKING '!!J!!S7S2 
FUSIO}~ ZOHE CRACKI NG (F . Z . ) ~ 
HEAT AFFECTED ZONE (H.A. Z . ) ,::::;;:::;; 
?31'.ARKS ____________________________ _ 

-
FORU NO '!iAS- 2 

SHEET 3 

DECLASSIFIED 

SCALE 1 /16 

PLATE 43B 



ECLA s.=1 D PLATE . 43 - C 



ECLASSl~L .. PLATE 44A. 



DATA OX SHOCK TESTS OF 'P.ELDMENTS 

FIRING RECORD NO AD- 'l'f 
SHEET 7 or 'I 

su!r.iITT::ID BY Goaoou rt,.RNufac,rua,ri& ca PIATE No. H--= 
ARMOR !'FR t.S RUT la.B.US. $Ui.J,.. TYPE I" @4:Z::-c(Q IJ(}fdO 
ELECTRODE c RiiC.&r~- Biif.ciiiir )ilViW:tMa ,,_, eos ruRPosE 41 ,uu 1vcen4 ti 
PR~~~TILE n7CA\'1 P) ,.fB4fJf, PfLQlECJILE DATE to -:2c - ~ 
?!li::11'.AT OF .i!.!\:.c A1 ... ·nu.. ""O.r .. .c..:~L m, ,...,.._,_(.a2 .... D-• .... E _____________ _ 
TEMPEFJ..TURE OF PLATE AT TI ~E OF T¥STING 

I 

----------------
RD . I VEL . 77() FT/SEC . 

HIT ~ ".£E'FT OF LEFT LEG AJ IDJo• ,ar1.ow' CROSS BAR 

CROSS ·.-:a D CRACK FRC:t,• 
lllj '' I.E?r L~ CR: CK \'!ITH lj"f#DoiE CROSS 

LEG, ( IN 
WELD, #JU.( FUS IC~; 

R!G!IT LEG CRACK ,, I TH CROSS r:EI D, ( ZONE 

BACK 
cncss WELD CRACK FROM 1:.G , ( n: 

ao• U<FT LEG CRACK ":ITF. ,·11tov£ CROSS 1"1ELD , HI.'-( FUSION 
I 'l/,-RIG:IT LI:G CRACK 'H.T'f' , . v'..i~~.1~:· 1¾u·~•L.: ( ZONE 

fl J+Oftl2 0 tiT/IJ.. 8tJL~a ~ 1'~'1'"--"' ,_..,...._ 

RD. VEL. Fr/SEC . 
HIT OF LEG AND 

BACY.: 

RD . 

CROSS ',r:ELD CRACK FROM 
L'i:F'I' LEG CRACK '::ITH 
RIG,iT LE"J CRACK \':ITH 

~ROSS "iET.D CRAC:: :.:'R('M 
LEFT Li:G CRACK '.':ITH 
RIGHT IEG CRAC-:( WITH 

\TEL . FT/SEC . 
HIT OF LEG AND 

BACK 

CROSS ;·;ELD CRACY. FROM 
!..FFT L-:::G CRAC:{ ··-r':'E 
RI G':~ I~;G CRAC?. TI~H 

cR~ss TIELD CRACK ~~M 
;-,: ?T L!:c CR,'.\C•~ 7-I'l'H 
RIGHT LEG C RAC~ ·;-rrn 

( ) -·su:s SATIS:?/..CT'.:'RY 
( .)-/"':::I,DS UNSJ..T! S:.'AC':'r.·RY 
( ) '3Ul1':: ':-TS R::·;.:LD 

CROSS BAR 

:.:-.G , 
CROSS '.''ELD, 
CR~~~ 1:.'."ELe, 

LE:G , 
CROSS r :'..LD, 
CROSS 1-.~LD, 

CROSS 

CRCSS 
Lr..G , 

~·.Trr , 
CRCS~ ; .. ELD, 

LEG , 
CRO~!'i ·.:"ELD, 
CROS<' ''.'FLD, 

( rn 
(FUSION 
( ZOliE 

( IK 
(rus~oN 
( 7.ms 

BAR 

( IN 
(FUSIO~: 
( ZONE 

( IN 
cp·srm, 
( ?OKE 

!l;fl,CT Q L .;K CRi,CKrG ~ 
n src:; ..:·"I,i:. CRACKHG ~ 
Riciit.RK k: QG9Tftll{ OF Cl8L .[IU{Fi,E llNl(/l~WI( 

SftEET SCP.LE 1/1 6 1
' 

DC D PU.TE 44B 
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SUMMARY OF RELATION OF SHOCK 
FRACTURE AND H-PLA TE -

PERFORMANCE (75 MM.1 
I 

lia(' N, L A - c:,nriealling beoda 
N- no Qnne~lliri9 lo«ttds 
o - c rac.k Ing in le, w • Id~ 

....__ 

A, L 'iiil 
ctnd ,- l•ttt or,I~ 

• - tot•I cr«c l< lng 
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CRACKING IN H - PLATE - JNCHE:S 

CLA t;IFIE 
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APPENDIX A - Experimental Development. 

1. A considerable number of test pieces were studied in the 
development of a suitable exper imental technique for shock-fracture 
testing of armor and weld joints. In the preliminary study, test 
pieces ( 311 x 8 11 x 1 11 thick) (Plate 53) welded with an austenitic 
electrode of the 19-9 ty:pe were supported at each end. Caliber .50 
ball M-1 ammunition was used at normal impact on the face of the 
single V- groove. Considerable damage and gouging out of weld metal 
to the extent of 1-3/8 11 x 1/211 x 3/8" occur red with very little 
bending of the specimen and no damage to the root. It was suggested 
that the stress at the narrow root might be incre~sed by impact with 
a caliber ,50 AP dart. A second specimen was supported in a manner 
~imilar to that of the first. Complete penetrat i on with an opening 
5/811 x 3/411 occurred with a velocity of 3240 ft!/sec , and prod.ucad 
no damage to the root and only a slight bending of the specimen 
(Plate 53). Obviously, use of a specimen of this type would not 
solve the problem. 

2. In ord~r to increase the stress at the root of the 
weld, a number of ballistic test specimens were prepared from a 
corner joint (Plate 54). This type of test specimen was ideal when 
considered from the ballist i c test standpoint. A limit velocity 
at wn:leh a finger is just removed may be obtained from two impacts, 
one above ~nd one below the velocity nec~ssary to fracture the test 
specimen. An increase in the number of impacts enables a more ac­
curate determination of limit velocity of the test specimen, In 
order to reduce the energy absorbed by deformation of the long finger, 
subseouent testing was performed on specimens with shorter fingers 
(Plate 55). The range of limit velocities has been reduced. The 
test piece, however, is difficult to J)repare and gives a joint wi ~bi 
non-uniform heat distribution-. Also the s~tioq of plate material 
which forms the base of the test :piece is atl!essed in a direction 
through the thickness of the plate. 

3. Another type of specimen was a atri;p 2 11 wide cut across 
the weld mou~ted in a jig as shown in ~l~te 56. This speci~en and 
mounting proved unsatisfactory~~ the greater portion of the energy 
was absorbed in defor~ing the piate oa.t~ria~ adjacent to the weld. 
Dien t4e specimen shown at t~o extreme left in Plate 66 which was 
clampe4 with the stort end of th~ ~late materi~l extended from the 
jig proved unsatisfactory . ~ reduction in the section of the specimen 
to be broken as shot·n in Plate 5? dl,q. not increp,sf) the stress on the 
~eld sufficiently except in the case of •he ~egq~d speci~~n f~o~ the 
left w~ich showed, a <\efecti've weld. 

4. ~ho ~ost stttisfactory teBt place fr~ll} fl ,1elp.ing standpo!l'lt 
is~ single-V or double-V butt j9!nt. Al.l further efforts after 
comple~ing the aoove prelinlinary studies wer e directed ~oward the 
development of a test spectme~ using armov or a butt joint with 
either a single-V or douoie-V groove, 

5. Certain difficul tie~ were encountered in the early s11eci-
mens prepRred from butt Joints, ~ typ~cal specimen is show.n tn 
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Pl?te 58 in which it i~ to be noted a large amount of deformation of 
the finger is present, In f~ct, side deformation of the center 
finger was so great that binding occurs between the fingers. kn 
increase in the se:paration between the fingers by use of a double 
hack-saw blade was not sufficient to eliminate the difficulty 
(Plate 59). A second f c>,ctor which discouraged the use of this 
particular type of test specimen was that the energy a.vaila-ole 
with impacts at maximum velocity was insufficient to fracture the 
finger of unwelded specimens, A reduction of width of the finger 
to one inch, a reversal of the projectile in tlle gun, and the 
spacing of the fingers finally produced a ~,Pe~iI11en which performed 
sptisfactorily. 
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