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SUlmARY 

Direct Explosion Teet tor Prime and Welded Steel Plat.e 

1. The direct explosion teat bae been reduced to practice and ite abilit7 

to determine the relative reeietance to multi-axial shock loAding ot prime or 

welded eteel plAteB with reproducible accuracy baa been demonetrated. 

(a) Teete to compare butt-welded steel plates in tbe as-welded 

condition w:J.th similar welded specimene, which had been stress relieved 

uaing the lo'r! temperature stress relier method, have been performed. 

( b) Teets to compare butt-welded steel pla tea in the u-.nlded 

condition with similar welded epecimene some or which were nae stress 

relieved and eome of which were turnace ,treas relieved haw been 

performed. 

2. An investigation waa coooucted to ascertain whether or not 1t wu 

possible to reproduce by shock loading in 0.025" thick speoiall;y-treated 

material, the extent and distribution of defol'ID8tion produced in 0.5" ti.lak 

medium steel plate subjected to the explosion test. 



Final Report 

l!av;y Depart.ment Bureau or Ships NObe•31223 

T•RJ& OF CONTENTS 

Abstract 

I. 

II. 

III. 

Introduction • . . . . . . . . . . . . . . . . • • • • • • 

Results and Discussion • • • • . • . . . . . . • • • • • • 

A. Testa Comparing As-Welded with Stress Relieved Butt• 

1 

4 

Welded Ship Steel Speoiaem • • • • • • • • • • • • • 4 
B. Teata Comparing As-Welded with Several Types of Strue 

Relieved Butt-Welded Steel Specimens • • • • • . • • • 9 
C. Testing ot 0.025• Thick Specially-Treated Steel Plate 

Utilizing Explosives • • • • • • • • • • • • • • • • • 13 

Conclueiona • • • • • • • • . . . . . . . • • • • • • • • 15 

IV. Illuetrationea 

Figure 1 • Base Phte and Teat Set-up • • • • • • . • • • 11 
" 2 • 75 nm. Standf\rd Densit,- Apparatus Assembled. • 18 
" .3 - 75 mm. Standard Denait,- Apparatus Diaaasnbled 19 
" 4 • InitiatiDg Device • • • • • • • • • • • • • • • 20 
" 5 - Typical Longitudinal Stress Pattern ot an 

As•Welded Specimen • • • • • • • • • • • • • • 11 
" 6 - Typical Longitudinal Stress Pattern or a Strus 

Relieved Plate. • . . . . . . . . • . . . • . . 12 
1t 7 • H. T .s. Plate Showing Typical Transverse Weld 

FailUJ:'9 • • . • • • • • • • • • • • • • • • • • 
It 8 - Apparatus for Teeting Thin Steel Specimens in a 

Hydraulic Medium • • • • • • • • • • • • • • • 



Abstract 

The direct explosion test has been utilized to determine the 

relative reDistance of welded and unwelded steel specimens to shock loading. 

The teat.a were conducted using a special explosive which is detonated in 

direct contact with the specimen under controlled conditions. Repetitive 

testa have de110nstrated the excellent reproducibility or ~he teat. 



DIRECT IJFJ'EQN 'lJSI [OR PRIME 6NP t'1ELIED PLATE 

I. Introduction, 
A. During the period covered ~ this report, the direct explosion teat 

for prime and ffltlded plate bu been Nduced to practice, i.e., apec,mena have been 

aubmitted tor testing 8.11d the reeulte of euch teats have been und ae an 1Jldex ot 

structural perf'o~--ice ot varioua apeoimene subjected to aevere loading oonditiona. 

B. Poasible Mthoda ot ahook testing 0.025• apeciu.17-'treeted steel 

eheet by meana or explosives were etudied. 

A discuasion or ·eAch ot the studies outlined abov·e tolloWI the detaile 

or the experimental equipnent and expl01iw oharacterist101 belows 

Original teate indicated that a til'II baae on which the specimen and 

related aupports could be placed tor teatilJI wu necease1"7, and that .certain 

inaocuraoiea oould there~ be eliminated. The base shown in Pigure 1 (Photograph 

B-63) baa proven aatietactory and consist• ot an eight root aquare block of 

reinforced concrete fifteen inches thick and which rests on a bed ot well•compected 

cinders. Two pieces or ateel, the loffltr 3" thick and the upper 1• thiok, weigh a 

total of appl'Oxiutel.7 2,500 lbe. and are placed on top of the ooncrete. The top 

piece ot ateel ia eaail.1' replaced it it becomes damlllged. 

Original tests indicated that both · the pbyalcal abape 'If tbe · npl•f w ' · _ 

charge and the type or explosiw charge must be controlled. A oylindrioal pellet 

was found to be desirable and a device known as a 8tandard Density Apparatua, 

developed by the Tl'Ojan Powder Company e number or years ago, was found to be 

readily ~daptable to the making of suitable pallets ,11th the teating exploaives 

used. 

$&veral modifications of the Standard Denaity Apparatus have been made, 

one or which is shown 1n Fuguree 2 aim 3. These figures illustrate the •quipblnt 

specifically adapted to make pellets 75 DIil 1n diameter. With th1• apparatua the 

demity or the explosive charge can be controlled within certain limits at will, 



- 2 -
and deD1itiea have bsen oonai1tentl7 re:! )roduced with a ftl"iation or less than 1i. 

Figure 2 ehowa the appa~tua completely assembled and ready tor use, while Figure 

3 shows the apparAtus diausembled. 

The type ot explosive required baa been found to be intluenced by the 

perticular at,:;;31 IJ)eoimens being investigat.ed, so that a number of specialised 

explosiwe have been f'ormulP.ted to met the vsri0\18 needs, and in all oases the 

characteristics or ·the testing explosives are meaaui"ed by' ·subjectirJg them to a 

number at teats, the moat important ot which are the ballistic pendulum test which 

is an index of' the gas volume, the rate or detonation teet whioh IIN8Ul"88 the apeed 

ot the detonating wave, and the ·atmdard densit7 test which Masure• the densit7 

under standardized oomit.iona. 

After the p~ioal share or the oharge and the type ot exploe1ve had 

been decided upon, an initiator wu lfeaigned so that the chlJrp could be used with 

gnat.eat ettectiveneas (Figure -'>. This :nitiator is placed on top ot .. oh charge 

ot n:ploeive and oonaiats ot a ·r1.ng about l•l/2" in diameter ·of Enaign~Bioktord . 

Primaoor_d and a piece exiending ac1"088 · the center ot the l'ing, botb ot ·•whioh- are 

tirml.7 attached to a small wooden block~ One end of' each ot two leng\hs ot · 

Prlllacord ia bent 1n the form of' a semicircle to make the r1nl, .and the oppoe1:te 

end of one is twisted several times around th• dtending portion- of the other. The 

detonator ia attftched to this upwardly extending part. 

When the detonator is tired, the length ct Primaoord 1a Cffuaed to detonate 

which in turn detonates the 8ll'J)losive charge. The flat ring is placed so thl.tt ita · 

entire circumf'erenoe makes contftct with the top ot the explosive ohRrge. Since the 

detonation or the charge takes plsoe around its circumference instead or tram om 

spot which would be the case when a de1Nnator alone is used the detonation wave 

trawls :>raoticelly 1n a stre.ight downwal'd direction. 

The :,uantity- or explosive contained in this initiator is appTOximstely-

2.89 grams, · and .. the amount ot explos1,,e actually touching the explosive crui.rge 
.. 

18 onl.7 AbOut 1.18 INIDI~ 
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On th• buia or the result.a obtained with this initiator, it appeara to 

bee definite improvement over the uae ot a detonator alone. 

It -i11 or utmoat importance to have thoroughly in mind the. fundamental 

cheracteristice or an exploeive in order to und,retand or control !.ta etfecte. 

These fundamentals were used as a ,tarUnr point tor the ·tormulation or a epeoial 

testing explosive to be ueed in this reseArch project. Proa past experience the 

effects of •Yrloaives tmve been oonvenientl7 cl~asified into bria,nt eftecte and 

1111 yolume etfects, the 1nter-re:i.At1onship of which can cause an.y of the infinite 

m.miber of variations :'..n the type, or shock produced by exploai•e action. It 18 

entirely true, however, that this distinction ia not entirely a phyeio11l one, -and 

that there is a little overlapping in the two types of ettecte. 

A highly briaant exploeive (that is, one with a rapid rate or de:tonation) 

will produce a very shattering and destructive bl.aw which 11 ~ t1•11 oharate~ 

ized b7 a apall or. a hole when an armor plate is subjected to •uoh • •hook• In 

contraet, a "slow" explosive or one _with low brieanoe (low rate ot detonation) 

tends to move or deform material in its vicinity. A dish, or oup-ehaped indent&• 

tion is likely to be the result ot the application of auch an explosive toroe 

againet steel plate, depending on how alow the rate of detoDAtion ia, and the type 

ot at.eel. 

A. very good analogy or the rate ot detonation and«"'• volme ot an ex­

plosive can be found in ballistics in ~he speed and mass or the projectile when 

in tlight. The speed ot the projectile can be likened to the rate of detonation 

ot an explosive, while the••• or the projectile can be likened to the gu volUM. 

It is knoffll that a projectile muat have a cert--in mass in oombination.~th it.a 

velocity in order to penetrate a plate, and ailllilarly an expl~•ive muat have a 

eutticiently high gas volume in order to have a sutticient force with which to per­

tol'II the particular teak desired. Just as the weight and s:.,eed ot a projectile can 

be varied within wide limits in accordance with specific requirements, so oan an 
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explo1ive ·be formulated to have alaoet any combination or rate ot detor111tion and 

gaa volum within reasonable 11aita that are de1jred. 

Fl'Cllll previous experienoe it - mcided that in order to produce more 

•diehing" and less ••palling• 1n the specimens tested by the direct- applicJtion 

ot an exploeive shock, the explosive to be developed would hive to have a com• 

paratively low rate or detonation and autticient gas volume. 

A number or experimental explosive• were formulated and teated by methods 

then in use 'ffhich included rate ot detonation tests, etanderd denaitT teats, 1aa 

volume teats, and small leRd block teats, and alao by actual testa on steel plates. 

Several or the explosives made produced satisfactory mill plate detl'01118tion, and 

finally an experimental explosive designated u 1'8-D wu adopted u being tba 

most promising. This explosive oontailUI trinitrotoluene u ita baaio explosive 

1Dgredient, with anmonium nitrate and sodiua nitrate u oooperatine axid111Jlg Nlta 

•• Nll as several other chemical components. Noto~ are the proportiom im­

portant, but it wu learned tMt ·the particle si• and the inti•07 ot llixture 

are i1gn1tioant tactora 1n obtaining reproducible results. 

NS•D explosive is a dl'Y', pulverulent pot,der with a density or about 1.16 

·c water : 1.00), a rate or detonation ot lllpProxima.tel7 2200 meters · per 1.ecoiid, and 

a gas volume or 10.5 (Tt'T standerd : 10.0). 

Add:l tional details of' ·the testing' procedure, experimental equipment, and 

explosives used in these test.a are precented 1n a aerie• or earlier renorta. 

(Final leport • Part I, ~RD No. 4655, Serial Mo. M-~6 dated 23 .January 19451 

Final Report - Part n, ~RD No. 6382, Serial l:o. }J-622 dated 5 December 1945). 

II. Reaul.tp apd Diagusaion. 

,. Testa CompOJ1.nc As-Welded with Stress Relieved Butt-Welded Ship Steel 
Specwu. 
A group~~ twent,- 18" x 18• x 'J/4" butt-welded speciJDena, ten of which 

were 1n the as-welded condition, and ten of 1'1hich were stress relieved, were tested 
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using the direct explo~ion teat to determine whether stress relieving affected 

the resistance to shock loading. The stress relieved specimens were prepl'lred using 

the low tempi,rature method or stress relief which involves the heating of the 

metal on e&ch side of the weld and par&llel thereto (by a aovinp' tll!UD8 to a temper­

ature not over 400°F), while at the same time cooling the weld it.ell' with a stream 

or water. The temperature differential causes plastic flow in the weld thereb)­

reducing the reeirlual welding stress. 

These tests were requested by the u. s. Coast Gunrd. No unt1elded speoi• 

mens were furnished .• 

The steel used to prepare these specimens was of the rinaned type and wu 

procured f'rom the Worth Steel Co. The chemical analyses and mechanical propertie• 

or this steel are listed in Table Is 

!Affl:lr I 

Chemical Analysis in% 
Melt No. 
6-F.398.3 

Slab No, ..2... .JIA... L .A. 

Test Pieoe 
W-ckness ~Area 

0.7.38• 1.122 sq. 
inches 

3 0.18 

Yield 
Point Lbs. 
w sa, In, 

0.43 0.021 0.025 

Tensile Strength 
Lbs• per Square 

Inch 
% Elonp• 
tiop in§" 

Each specimen was prepared by j oinine two 9" x 18" x 3/ 4" pieces together 

using E 6010 electrodes nth a double•V, (IJO included angle, butt weld consisting or 

eight passes, after which the weld reinforcement was remo,red on one aide ot the 

plate. The weld reintorce~nt within 1•1/4" or each edge or the plate was removed 

on the opposite aide, so thet the plates could be supported evenly during the teat. 

Figure 5 sho• a typical plot or the longitudinal stress pattern of the 

as-welded specimens. Figure 6 shows a plot of the longitudinal streaa pattern in 

a typical stress relieved plate, and also give~ as a comparison the average stress 
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pet,tern shown in Figure 5. In addition, Figure 6 indiortee the tempenture at­

tained at various points du.rinr the stress relieving process. 

The plates were stored prior to teeting in an i118ul.Ated cabinet •1th 

the temperature maintained at 70°F t 1/2° (21 /, 0c). 
The powder charge comieted or m-D explosive (Lot 556 B), fltnd •s packed 

by means or a Standard Density Apparatus in 75 m diameter paper 011rtons. In all 

tests except those on Place 10, Specimen 1 and Plate lC, Specimen 2, the charge 

was prepnred in two increments .. In the above-mentioned two teats, however, the 

charge was prepared in three increments. 

In general, each specimen W4S supported by centering it on a symmetrical 

"pin wheel type" support as shown in Figure 1, and the explosive charge wu centered 

on the weld at the center or the plate and confined in an S-1/2• diameter x 12• 

high kraft carton filled with approximatel.7 35 lbs. ot 20-30 mesh Ottawa sand, and 

was detonated by meana ot & #6 fuse-type blasting cap attached to a Primaoord 

initiator which was in juxteposi tion with the top of the exploeive column, all or 

which is in conformity with the usual established testing procedure. In Figure 1, 

a plBte of glass is used imtead of a steel plate to show the manner of 1Upport. 

The outer contininr, . ·,;mtainer is out away to show the Ottawa sand and the uploeive 

cylinder. The Primacord initiator and the fuse are also shown. This synanetrical 

me~ or support simulates the tour•aided support that a section of ft plate 

receives trom the plate surrounding it. 

In a few specific instances some parts or this general procedure were 

departed from, which are as tollona 

In all tests except those on Plate 4C, Specimen 3 and Plate 4C, Specimen 

4, the distance between the supports was 16" measuring from the inside or a bar to 

the one parallel to it. In the case or those two specimens, the distance between 

the supports was 10" and the ch"'rge wao not centered on the plate and was placed 

on the parent metal. 
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Specftic data for each test ie u tollona 

tltBll-II 
Test 
Jl2.a 

Specimen 
Number 

Total Cherge Grama per 
wt, 1n r.z,rnn Ip2£11P1P1i 

No. of 
Increments 

NS-187 PLlC spec. 4 

1~•188 PLlC spec. 5 

NS-192 PLJ::- speo. l 

I,,•, ... .. 

NS-200 PL)C spec. 5 

NS-190 PL~ spec • .3 

?!S-194 PL)C spec. 2 

NS.;189 PL)C spec. 4 

rs-186 PLlC spec • .3 

t!S-185 PLlC spec. 2 

NS-184 PLlC spec. l 

180 

200 

200 

205 

210 

210 

220 

2)0 

280 

.330 

AS WELIED 
90 

100 

100 

102, 10.3 

105 

105 

110 

115 

94, 9'2, 94 

110 

2 

2 

2 

2 

2 

2 

2 

2 

.3 

3 

S TRFSS RELIEVED 

Reaulta 

no failure. 57 mm dish par­
allel to weld. 58 DID dish 
perpendi~ar to weld. 

Mo failure. 61 DID dish par­
allel to weld. 62 mm dish 
perpendicualr to weld. 

No failure, 5~ DID dish par­
allel to weld. 61 DID dish 
perpendicular to weld. 

Broke 1n 4 pieoea. 

Broke in 3 pieces. 

Broke in 4 pieoea. 

Broke in .3 piecee 

Broke in 4 or more piecea. 
1 or more not reoowred. 

Broke in 3 pieou • 

Broke in 5 pieces. 

(using the low temperature method of stress relief). 

NS•l91 PL2C spec. 4 210 105 

i!S•l9.3 PL2C spec. J 2)0 115 

NS-197 PL2C spec. 5 230 115 

NS-201 PL4C spec. 5 232•1/2 ll6.25 

?-!S•l99 PL4C spec. 2 235 -ii'?,118: 

2 

2 

2 

2 

2 

~To failm-e• 6.3•1/2 mm diah 
parallel to weld. 65 mm 
dish perpendicular to weld. 

No failure. 67 mm di.eh par­
allel to :weld. ?O an dish 
perpendicular to •ld. 

No failure. · t5 · mm dish par­
allel to weld. 67 mm dish 
perpendicular· to weld. 

Broke in 5 pieces. 

Broke in 4 pieces. 



Teat 
No, 

NS-196 

NS-198 

NS•l95 

NS-202 

NS-203 
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T.Afilj, II ( cont'd) 

Specimen Total Charge Grams per No. ot 
Humber Wt, in Grams Iporement Increments 

PL2C apec. 2 240 120 2 

PL4C spec. l 250 125 2 

PL2C apec. 1 250 125 2 

CHARGE NOT ON WELD 

PL4C apec. .3 2.30 115 2 . . . 
PL4C spec. 4 2/J) 120 2 

Reaul,isl 

Broke in 5 pieces. 

Broke in 4 pieces. 

Broke in 4 pieces. 

No failure. 

Broke in 2 pieces. 
Considera~e petalling. 

All PLlC and PL.3C plates were as•1relded and all PL2C and PL4C plates 

were tlame atreas relieved. 

It can be aeen in Table II that all chrrges ot 205 grama or more oausecl 

tailure in the as-welded plates, whereas all chnrgea of 200 grams or leaa did not 

cause failure in the as-welded plates. The u-welded plates are considered to have 

a brealcing strength range of from 200 to 210 grams which baa been conaiatently ea• 

tablished with a double check both st 200 grams and at 210 grama. 

All chttrge& of 232•1/2 grams or more caused failure in the atreas re• 

lieved plates, ,rhereaa ell chr'rgea of 2.30 grams or leas did not cauae failure in 

the etrees relieved plates. Tbe stress relieved plates are considered to have a 

breaking strength range of from 2.30 to 240 grams, which has been consistently es• 

tabliahed with a double check at both 2:J) grams and 240 grams. 

The term "breaking strength range" is used in this report to indicate 

the mex1JD11'11 charge at which no failure occurred and the minimum charge at which 

failure occurred. In some inetancea, a double check is used to bound the breaking 

atrength range. 

Using the above pl'Ocedure, the atreaa relieved plates require .30 grams 

more explosive charge to cause failure than did the as-welded pl.Ates. 
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It is interesting to note thPt stress relieved plate PLI.C, specimen 3 

which was tested with a 230 gram charge did not fail, end tMt stress relieVfld 

plate ~, specimen 4 which was teated with a 240 rrem chnrge did tall in view ot 

the fact that both of these plates •~ 1;e_at~ following a different procedure f'rom 

that followed for ~!S-184 to l'E-201. ns-202 (Plate PL4C, specimen 3) and 203 (Plate 

PL4C, specimen 4) were tested while the specimen wu supported on the tour sets or 
bars placed in a_ pin-wheel fashion w1 t _h each set or parallel bars being 10" ( insteed 

of 16") ep,i,.rt .•• Th9 flpAc:,imen w1111'1 pl~cl9d on trlf' anpporl bars so th&-":- .ea~h eide of one 

corner of the specimen was supported b,y a 1• portion or each or the two support . . 

bars, over T-"hich it rested_. The other two supports were completely covered by the 

Jpecimen. The explosive charge wa1 centered on that portion or the plate supported 

by the bars, and therefore, its center was 6• from each edge or the corner above 

mentioned, end consequently was not over or touching the weld. 

Note, Some or the specimens exhibited a slight amollllt of warping due to weldinc 

and therefore did not rest absolutely fiat OD the support bars. 

B. Testa Comparing Aa•Welded with Several Tmt or streps Re11m4 
UYtt•ffelded Steel SpagimeJil& · -· . 

The specimens discussed in this aedt!on are not comparable with thoee 

discussed in the pre,,ious section becawse of the difference in the stre1a re• 

lieving practice, · and in view of the dif'terent. type• ot iteel used. The 1pecimen 

aiN is also different. 

A group or eighteen 12" x 12" x 3/4" butt-welded specimens were tested 

to determine their relative resistance to shock lo11ding as obtained by the- direct . 

explosion teat. Six were in the as-welded condition, six were furnace stress re• 

lieved at 1150°F for one hour, and six were torch stress :..elie1,ed by passing a 

multiple tip torch progressi1,ely over the weld bead on one side of the plate only 
. . 

(side OD -r.hich weld reinf"orcement had been machined off). The ffltld metal reached 

a temperature or 900°F on the side opposite to the flame and this temperat,ure was 
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•1ntained for 10 minutes. A tully killed, normalized steel was used to prepare 

these specimens. This steel was tumished from Lukens Steel Co., Heat Mo. 20Jl+O, 

Slab No. 6, Plate No. 142, and had the tollowing chemical analysun 

Carbon 
0.18 

TfftIE III 

l!bospborous 

0.015 

§ultµr 

0.028 

sn19on copper 
0.23 0.20 

Each 1pec1men was prepared by welding two 6" x 12•x 3/4" plates together 

using Type E 6010 electrodes in the downhand position with a d~ble-V, f:IJ0 included 

angle, butt weld consisting of eight J>1!8Bes, atter which the weld reinforcement 

wu removed on one aide ot the plate, and that part of the weld reinforcement 

within 1-1/4• or each edge or the opposite side or the plate was also removed. 

The direction of rolling was to right angles to the weld axis. 

The plates were stored in an inlulated cabinet with the temperature 

aaintained at 70°F l 1/2° (21 I 0c). 

The powder charge consisted of PS•D exploeive (Lot 556 B, the aame ex­

plosive ueed to teat the twent7 apecimena disouased in the pnoec!ing ,ection of 

this report), and was packed by means of a Standard Denait7 Apparatus in 75 • 

diameter paper cartons in two increments, and waa confined in an S-1/2" diameter 

x 12" high krart carton tilled with approximately 35 lba. of 20-)() m~ah Ottawa aand, 

and was deton,-ted by means of a ruse-type detonator attached to a Pr~cord booeter 

placed in juxtaposition with the top of the explosive ch.Arge in the usual manner. 

The weight or charge waa the onl.7 contZ'ollable factor varied tor each plate. 

Teet 
No, 

The results or the teat.a tollowa 

Specimea 
Number 

1 

TABLE Iv 
Total Charge Gr&mS per 
wt. 1n or,, Increment 

180 

Results 

47 mm dish parallel to the weld. 5)111!1 
dish pe~ndicular to the weld. 
Plate 7/8• longer perpendicular tC'1 
weld than parallel to it. No failure. 



Test 
Ko, 

t:S-216 

l:S-204 

NS-21.3 

trS-209 

rs-212 

NS-218 

NS-.206 

llS-215 

l-TS-205 

Specimen 
Number 

2 

4 

17 

l4 

16 

13 

18 

7 

Total Charge 
Jt, .AA 9Fllll 

190 

200 

200 
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TABLE IV (cont'd) 

Grams per 
Incremept Results 

AS WEIDED (cont'd) 

95 50 mm dish parallel to weld. 5.3 
mm dish J?e~oendicular to weld. 
Plate S/8• longer perpendicular to 
weld than parallel to it. No 
fAilure. 

95 

100 

100 

51 mm dish pArappel to weld. 55 
an dish perperu!icuhr to weld. 
Plate 1• longer perpendicular to 
weld than parallel to 1 t. No 
failure. 

P1-te faj~ .,.d by trensverae creek• 
ing. P~~,te remained in one pieoe. 
Light 00,J'( 1:ie seen through 
places of . · lure. 

Plate tailed by tranavene crack­
ing. Plate remained in one piece. 
Light could be seen through 
places ot tailure. 

TORCH S'l'RF.$ RELIEVED 

180 

190 

190 

200 

200 

90 

95 

95 

100 

100 

50 mm dish parallel to weld. 52 
m dish perpendiC1,llar to wld. 
No tailure. 

52 mm dish parallel to weld. Sl 
mm dish perpendioular to wld. 
No failure. 

50 mm dish parallel to weld. 55 
mm dish ~rpendicular to wel_d. 
Plate .3/4• longer perpendicular 
to weld than parallel to it. 
No failure. · 

Broke 1n ·.3 pieces l'.'ith failure 
trans~,erse to weld. 

Broke in 2 pieces with. failure 
transverse to weld. 

FURNACE STRESS RELI£VED 

200 100 51 mm dish parallel to weld. 57 11D 
dish perpendicular to weld. Plate 
7/8" longer peprpendicular to weld 
than parallel to it. Ho failure. 



Teat 
_lf2L. 

l!S-208 

rs-211 

US-219 

Specimen 
f'umbir 

9 

10 

11 

12 

8 
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Uffl.E 1v c cont' 5ll 
Total Charge 
Wt. in Gr•p 

Gr81118 per 
Increment Result§ 

Fl~IU1ACE STRESS RELIEVED ( oont' d) 

220 llO 

2J() 115 

· 240 120 

l25 

130 

'57 mm dish parallel to weld 58 DID 
dish perpendicular to weld. 
No failure. 

56 mm dish parallel to weld. f:IJ mm 
· dish perpendicular to weld 

No failure. 

58 mm dish parallel to weld. 58 m 
dish perpendicular to weld. 
No failure. 

57 mm dish pArall,l to weld. 61 1111 
dish pe"::'pe11dicula,.. to weld. Plate 
111 lor.ger perpendi.cular to weld than 
parallel to it. No. tailure. 

55 mm dish parallel · to weld. 62 Dill 
dish perpendicular to weld. Plate 
1-1/4• longer perpendioular to 
weld than parallel to it. No. 
failure. 

It can be seen in Table IV that the breaking strength range for the u• 

welded pl.Atee was between 190 g and 200 g, such results having been oonaiatentl7 

established by performing two tests at both 190 g and 200 g and obtaining 

aimilsr results. 

The breaking strength rBllfe tor the furnace stress relieved plates ii 

above 260 g since no failure occurred 1n this aeries at that chsrge or at a 

lesser charge. 

The breaking strength rsnge tor the torch stress relieved plates wae 

between 190 g and 200 g, such results ha,•ing been consistently established by 

pertorming t110 tests at both 190 and 200 g and obtaining similar results. 

Teets made on silicon killed, normalized steel, Heat 20340, utilizing 

a different lot of NS•D expl.01ive gives a rough comperiaon or the difference be­

tween prillle ( unwelded) plate and the various Nlded specimens which were prepared 
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trom the auia 1teel am the results ot which are ·01ted ame. The brealdllg 

atrength range wu between 400 and 420 g. .l dish ot 75 an wu the 1M1X1mm obtdined 

without acoompm,rfng plate rauure. 

Fi«ure 7 (Photogi,ph B--5.3) 18 i·ncluded to ahow a 1• welded ·plate with a 

typical traneverae tallure. : The teats on thia eeriN are oovered fu OORD Report · 

No. 6)82, Serial No. U-622, dated 5 December, 1945. Thia apeoimen wu mac. troll 

high tensile steel welded with I 6010 electrodes. 

Notes The differenoea noted between the meuure111enta ot the depth ot the diah 

parallel to the weld and perpeDi!ioular to the weld u eta·ted in the reaul. te coluan 

11 due largely to the tact that the plat.ea irere not aquare, amt.that 1D addition, 

the epeo:lmeml were not 12• on each aide. The depth ot dish n.gurea are, theretore, 

given 1n the thought that th9' llllY' be ot 80118 help 1n analyaing the reeult. 

qualitatively. 

c. Te•tipg ot 0;02,• Tbiqk Spec!nJJr:Tmtfd St11l PW, Ytui,,u 
Exp1os1n,, 

The Penna7lvania St.lilt• College ~•r NlllC Project NRC-9& and now ~ 
. ' . -~ .. ' 

Navy Contract UObe-31217, baa been engq9d in developing a thin at.eel sheet tor 
. . . . .... 

model etudiea which w1ll exhibit the eame behavior u 1/2• ahip p~~ _w~en ~b­

jected to rapid biaxial loi:tding in an underwater explosion. A number ot ditterent 
. . , • . ' 

types ot thin sheet steel were developed, which when teated statically in a hr­

draulic 8J9tem were found to exhibit 1everal timea the ductillt7 of' a 51 :x 51 :x l/2" 

plate tested b,y detonatiJ:Jg a charge or ·exp1oaive in contact with the geo•trioal 
• • t • 

oenter or the under side ot the plate w~ich wu in the •t~r while tb9._oppoaite 

aide was in the air. 

It was thought that the increased duct1.l:-it7 obtained might have been tha 

result or either the size eftect, or the great difference in the speed ot testing. 

It wu, therefore, desirable to teat the thin specimens utilizing a oharge o,t 

explosive in the effort to obtain an answer to that queeticn. Consequentq, 
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preliai.Dary t.eeta NN undertaken which are deacribed belows 

Circular epecillena ot the apecial experimantal ateel sheet, 3" in di• 

ameter x 0.025" thick were centered on the top aui-taoe ot a 0711zJdrical brue. 

•upport having a 2•1/2" diameter bole bored ooncentric with the outer wall ot 

the aupport, and were teated uaing a "r'T aall aploain caarge. 

The specimen waa not clamped to the bl"u• support, but wu held in plaoe 

ey the weight ot a plaet.er or paria diec apJ)l'OXimately 4" in d1BJ1eter and 1• thick 

through the center ot which a alllllll hole had bNn drilled parallel to 1 ta axis. 

Any one ot the standard teet detonatol'II which are prepared with variOWI weights 

ot charp accurate~ weighed and contained in a aall copper capnil.e and numbered 

in atepe or one-halt troll #1/2 to 114, and 1D stepa ot one traa 114 to 118 would tit 

anugl7 in the bole. The loweat INlllbered detonator bu the aalle1t charge whlah 

1a leaa than 1/4 gram. 

The t.eat wu pertormcl bJ' 1Jlllert1ng the tuae-type t.e1t detonator 1D the 

bol• in the plaater ot peria diac which wu placed on the tap ot the steel t.eat 

specimen ao that the detonator reeted on the cent.er thereof. The spec1•n waa in 

turn cmtered over the bole in the lmue · support. No a,n:1 U 111'7 cbllrge na uaed, 

aince it wu tound that teat detonatora between numbere 1/2 and 2 supplied tb• 

desired degree of uplosin torce. During the exploaion the plaater ot perie 

diac provided continement. 

The rew teat.a run imicate that epecimena prepared by dU'terent beat 

treatment •thoda can be ditrerentiated by thia t.eat. One of the epecimem teated 

bad been llllliced with a grid~ the aide opposite that on which the exploahe 

charge wu placed, and aubeequent to teating the deformation or· the specimen 

( the ma:Jdrm obtainable w1 tbout failure) at varioua points WU plotted. lot •• 

IIUDh ductility 1a shown when an. 0.025" thick specimen i1 teated with a high rate 

ot ahock loading u wblD it is teated etatioall.y in a hydraulic B1Btem, indicating 

a speed etteot. 
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A testing appuataaa wu de• iped, the dNWing or which 18 shown in 

Figure 8, 110 ~t the ~1rcular apeci•ns oould be tc1t.ed 1n a hydrau.lio medim 

utWzing the ehoak produced b7 the detonation or a charge ot exploaiv.e. 

Tbe obarp· le p.1aoed J.n. the oenter . ot the large part ot th•. tluld- . . 

chamber and ia entirely surrounded ~ the- fiu1d. All air, 1• .di_epla~ by the 

fiuid. Arter tbe apeciMD-and the charge are 1n place, the apparatus 1•. aealed 

ar.d the charge detonated. The shock wave travels thl"ough the, fiuid in. t.- atmall 

channel -to thtt specimen, one aide or which is exposed to the fiuid. The deformation 

obtainable mq b, variecl by "banging the weight of the charge, 812d by other •thoda 

not investigated.. Thia work waa ill Pl'OINN when the contract terminated. 

III. copg1ua1op,. 
1. Teat.a have shown that the 1tatic detonation ot an aploain charge 

under controlled oondi t1on1 1n direct contact w1 th welded and umrelded ateel 

speciJDene provide• a oonvenient and reproducible •thod tor determ1ning the 

relative reaiatance to failure under conditions or IIUlti•aial shock loading. 

2. Using the direct explosion teat, it 18 po1sible to detendne the 

ettecta ot etreas relieving, pre-beating, electrode composition, and other 

cburgea ill welding procedure on pertormanoe. 

). It bu been determined using the direct &ltpl.onion teat that a 

special low temperature stress relieving process 1n which plastic now is pl"'O• 

duced in the weld by thermal loading dou not advereel.7 affect the behavior ot 

welded plate• when aubJected to aevere conditiona or loading. Actual teat 

data show a alight improvement ill pertormance tor the specimens prepared using 

the low temperature atreaa relief proce••• 

4. Testa oonducted on welded plat~• furnace atreas relieved at 

1150°F showed improved shock resistance over corre1ponding as-welded epeoillena. 



5. It ie po,ulible ueing a · special teel:irl.que to exploeivel,7 test sheet 

1pecimena 0.025• thick .. Teats made on epecially-trwited steel abeet ill this 

thickneaa bav-> exhibited reduced ductility when compared with con-espcnding 

static huge teet epec111ena. Tbeee resulte 1Ddica•A that du·~Uitiee exhibited 

in lwge tee ta 1D tld.a· thiilmN1 l"lml9 an . oomidlftb.17 attectad ~ the speed 

ot teeting. (Strain distribution wW be included in a report to be prepared 

umer Contn.ct ll:>be-31217). 
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Figure 2 

75 mm. Standard Density Apparatus Assembled 
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Figure 3 

75 mm. Standard Density Apparatus Disasaembl~ 
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Figure 7 

H.T.S. Plate ~hewing Typical Transverse Weld Failure 
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Figun 8 
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