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SUMMARY

Direct Explosion Test for Prime and welded Steel Plate

1. The direct explosion test has been reduced to practice and its
ability to determine the relative resistance to multi~axial shock loading of
prime or welded steel plates with reproducible accuracy has been demonstrated.

(a) Tests to compare butt-welded steel plates in the
as-welded condition with similar welded specimens, which had been stress
relieved using the low temperature stress relief method, have been performed.

(b) Tests to compare butt-welded steel plates in the as~
welded condition with similar welded specimens some of which were flame
stress relieved and some of which were furnace .stress relieved have been
performed.

2. An investigation was conducted to ascertain whether or not it was
possible to reproduce by shock loading in 0,025" thick specially-treated
material, the extent and distribution of deformation produced in 0,5" thick
medium steel plate subjected to the explosion test,
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Abstract

The direct cxplosion test has been utilized to determine
the relative resistance of welded and unwelded steel specimens to
shock loading. The tests were conducted using a special explosive
which is detonated in direct contact with the specimen under controlled
conditions. Repetitive tests have demonstrated the excellent repro-
ducibility of the test,
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DIRECT EXPLOSION TEST FOR PRIME AND WELDED PLATE

I. Introduction.

A, During the period covered by this report, the direct explosion
test for prime and welded plate has been reduced to practice, i.e., specimens
have been submitted for testing and the results of such tests have been used
as an index of structural performance of warious’ Sp601mens subjected to severe
loading conditions.

B. Possible nethods of shock testing O 025" specially-treated steel
sheet by means of explosives were studied.

A dlscu831on of each of the studies outlined above follows the de-
tails of the experimental equipment and exp1081ve characteristics below:

Original tests indicated that a firm base on which the specimen and
related supports could be placed for testing was necessary, and that certain
inaccuracies could thereby be eliminated. The base shown in Figure 1 (Photo-
graph B-63) has proven satisfactory and consists of an eight foot square bloek
of reinforced concrete fifteen inches thick and which rests on a'bed of well-
compacted cinders. Two pieces of steel, the lower 3" thick and the upper 1
thick, weigh a total of approximately 2 500 lbs. and are placed on top of the
concrete. The top piece of steel is e331ly replaced 1f it becomes damaged

Original tests indicated that both the physical shape of the explo-
sive charge and the type of explosive chiarge must be controlled: A cylindrical
pellet was found to be desirable and a dev1ce known as a Standard Density Appara-
tus, developed by the Trojan Powder Company a number of years ago, was found to
be readily adaptable to the making of $uztable pellets with the testing explo-~

f31ves used. ;

Several modifications of the Standard Density Apparatus have been
. made, one of which is shown in Figures 2 and 3., These figures illustrate the
" equipment specifically adapted to make pellets 75 mm in diameter, With this
apparatus the density of the explosive{bharge can be controlled within ecertain
limits at will, and densities have beep consistently reproduced with a varia-
tion of less than 1%, Figure 2 shows ;he apparatus completely assembled and
ready for use, while Figure 3 shows the apparatus dlsassembled :

The type of explosive rbqulred has been found to be 1nfluenced by . the
particular steel specimens being 1nvest1gatcd so that a number of specdialized
explosives have been formulated to mﬁet the various needs, and in all cases the
characteristics of the testing exploslvcs are measured by subjecting thém to a
number of tests, the most important. Qf which are the ballistic pendulum test
which is an 1ndux of the gas volume, the rate of detonation test which measures
the speed of the detonating wave, and the standard density test which measurbs
the density under standardized conditicons, : : :

After the physical shape of the charge and the type of explosive had
been decided upon, an initiator was designed so that the charge could be used
with greatest effcctiveness (Figure 4). This initiator is placed on top of each
charge of explosive and consists of a ring about 1-~1/2" in diameter of Ensign-
Bickfom Primacord and a plece extending across the center of the ring, both of
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which are firmly attached to a small wooden block, One end of each of two
lengths of Primacord is bent in the form of a semicircle to make the ring, and
the opposite end of one is twisted several times around the extending portion
of the other. The detonator is attached to this upwardly extending part.

When the detonator is fired, the length of Primacord is caused to
detonate which in turn detonates the explosive charge., The flat ring is placed
so that its entire circunference makes contact with the ‘top of the exp1051ve N
charge. Since the detonation of the charge takes place around its c1rcumference,

instead of from one spot Whlch would be the case when a detonator alone is used,
the detonation wave. travels practlcally 1n a(stralght downward direction,

The quantlty of explosiVe contained in this 1n1t1ator is approximately
2.89 grams, -and the; amount' of ex91081ve actually touching the exp1031ve charge
is only'abéut l 18 grams, ' {

On the basis of the resulxs obtalned with thls initiator, it appears to
be a deflnlte improvement over: thé«usc of a detonator alone,

It is of utmost. 1mportance to have thoroughly in mind the fundamental
characteristics of an exp1051v; inbrder to understand or control its effects.
These fundamentals were used as a étartlng point for the formulation of a special
testing explosive to be used in this research project, From past experience the
effects of explosives, have been conveniently classified into brisant effects and
gas volume effects, the inter-relationship of which can cause any of the infinite

number of variations in the types of shock produced by explosive action. It is
entirely true, howevsrt that this distinction is not entirely a physical one, and
that there is a little overlapping in the two types of effects.

A highly brisant explosive (that 1s, ope with a rapid rate of detonaplon).?{'il
will produce a very shattering and destructive blow which is many times ‘character- .

ized by a spall or a hole when an armor plate is subjected to such ashock, In
contrast, a "slow" explosive or one:with' ‘low brisance (low rate of detonation)
tends to move or deform material in: 1ts vicinity. A dish or cup—shaped indentae .
tion is likely to be the,.result of the ‘application of such an exp1051ve force
against steel plate, dependlng on how slqw the rate of detonation is,. and: the
type of steel, L L :

A very good analQ%y'of the rate of detonation and gas volume of an ex-—
plosive can be found in ba listics. in thé speed ard mass of the projectile when
in flight, The speéed of the prOJect-.ifﬁan be likened to the rate of detonation
of an explosive, while the mass of t é' prOJectlle can be’ Iikened to the gas volume,
It is known that a projectile must have a certain mass in combination with its
velocity in order to penetrate a plate, and similarly an explosive must have a .
sufficiently high gas volume in order to have sufficient force with which to per-
form the particular task desired. Just as the weight and speed of a projectile
can be varied within wide limits in accordance with specific requirements, so can
an explosive be formulated to have almost any combination of rate of detonation
and gas volume w1th1n reasonable limits that -are desired,

From previous experlence it was decided that in order to produce more
"dishing" and less "spalling" in the specimens tested by the direct application
of an explosive shock, the explosive to be developed.would have to have a com-
paratively low rate of detonation and sufficient gas volume, ‘
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A number of experimental explosives were formulated and tested by
methods then in use which included rate of detonation tests, standard density
tests, gas volume tests, and small lead block tests, and also by actual tests
on steel plates, Several of the explosives made produced satisfactory hull
plate deformation, and finally and experimental explosive designated as NS-D
was adopted as being the most promising. This explosive contains trinitrotoluene
as its basic explosive ingredient, with ammonium nitrate and sodium nitrate as
cooperating oxidizing salts as well as several other chemical components, Not
only are the proportions important, but it was learned that the particle size and
the intimacy of mixture are significant factors in obtaining reproducible results.

NS-D explosive is a dry, pulverulent powder with a density of about
1,16 (water = 1,00), a rate of detonation of approximately 2200 meters per second,
and a gas volume of 10,5 (TNT standard = 10,0).

Additional details of the testing procedure, experimental equipment,
and explosives used in these tests are presented in a series of earlier reports.
(Final Report - Part I, OSRD No. 4655, Serial No, M~446 dated 23 January 1945;
Final Report - Part II, OSRD No.' 6382, Serial No. M-622 dated 5 December 1945),

IT. Results and Discussion.

A. Tests Comparing As-Welded with Stress Relieved Butt-Welded Ship
Steel Specimens. -

A group of twenty 18" x 18" x 3/4" butt-welded specimens, ten of which
were in the as-welded condition, and ten of which were stress relieved, were
tested using the direct explosion test to determine whether stress relieving
affected the resistance to shock loading. The stress relieved speciméns were
prepared using the low temperature method of stress relief which involves the
heating of the metal on each side of the weld and parallel thereto (by a moving
flame to a temperature not over AOOOF), while at the same time cooling the weld
itself with a stream of water, The temperature differential causes plastic flow
in the weld thereby reducing the residual welding stress.

_ These tests were requested by the U, S. Coast Guard., No unwelded speci-
mens were furnished,

The steel used to prepare these specimens was of the rimmed type and was
procured from the Worth Steel Co., The chemical analyses and mechanical properties
of this steel are listed in Table I: : a

‘TABIE I
' Chemical Analysis in %
Melt No. Slab No, C Mn P S
6-F3983 3 0,18 0.3 0,021 0.025
Yield Tensile Strength
Test Piece Point Lbs, lbs. per Square % Elonga-
Thickness Secl.Area per Sg., In. Inch tion in 8ﬂ

inches
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: Each spe01men was prepared by joining two on x. 18“ b'd B/A" pleces to~
gether using E 6010 electrodes with'a double-V, 60° included. angle, butt, weld
consisting of eight passes, after which the Weld reinforcement was removed on

“one ‘side’ of the plate, .The weld relnforcement within.1-1/4" of. each edge of the
plate was removed on.the oppos1te side, 50 that the plates could be Supported
evenly.durlng the test. ., ‘ ' : Uil .

- ! Flgure 5 shows a. typlcal plot of the longltudlnal stress pattern of"
the as-welded specimens., Figiire 6 shows a plot of the longitudinal stress
pattern in a typical stress relleved plate, and also gives as a comparison the
average stress pattern: shown 1n Figure 5; "'In addition, Figure 6 indicates the
temperature attained at varidus’ p01nts during the stress rellev1ng procesa.

~The plates were stored pr#or to testing in an 1nsulated cabinet with
the temperature malntalned at 70°F l/2° (21 * o¢),

The powder charge con81sted of NS-D exp1051ve (Lot 556 B) and was
packed by means of a Standard Density- Apparatus in 75 mm dlameter paper cartons.
In all tests except those on Plate 1C, Specimen 1 and Plate 1C, Specimen 2, the
charge was prepared in two 1ncrements. In the above—mentloned two tests, however,
the charge was prepared in three 1ncrements.

In general, each spec1men was supported by centerlng it on a symmetri-
cal "pin-wheel type" support as shown in Figure 1, and the explosxve charge was
centered-on the weld at the center of the plate and<conf1ned in an 8-1/2" diameter

x 12 hlgh kraft carton filled with’approximately 35 lbs., of 20-30 mesh Ottawa
sand and was detonated by means of a #6 fuse~type blasting cap attached to a
Prlmacord initiator which was in juxtaposition with the top .of the explosive
column, all of which is in conformity with the usual established testing procedure,
In Figure 1, a plate of glass is used instead of: a.steel plate to show tHe manner
of support. The outer conflnlng container is cut away to.show the Ottawa sand and °
the exp1031ve cylinder. The Primacord initiator-and.the fuse are also shown.,

This symmetrical method of support simulates the four—slded support that a sectlon
 of a plate receives from the plate surroundlng 1t

In a few specific instances some parts of thls general procedure were
dcparted from, whlch are as follows-

In ail tests except those on Plate.hC Speclmen 3 and Plate 4C,
Specimen 4, the distance between the supports.was 1A measuring from the inside
of a bar to the one parallel to it. . In the case of those two specimens; the
distance between the supports was *10" and the charge was not centered on the
plate and was placed on the parent metal.

Specific data for eich test.is as follows: sl

) Loy - .
. . B o

B
i



TABLE II
Test Specimen Total Charge Grams per No. of
No, Number Wt. in Grams Increment Increments Results
'AS WELDED

NS-187 PL1C spec. 4 180 90 2 No failure, 57 mm dish par-
allel to weld, 58 mm dish
perpendicular to weld,

NS-188 PLIC spec. 5 200 100 2 No failure. 61 mm dish pai-
allel to weld., 62 mm dish
perpendicular to weld.

NS-192 PI3C spec. 1 200 100 2 No failure. 59 mm dish par-
allel to weld. 61 mm dish
perpendicular to weld.

NS=-200 PL3C spec, 5 205 102, 103 2 Broke in /4 pieces,

NS-190 PIL3C spec. 3 210 105 2 Broke in 3 pieces,

NS-194 PL3C spec, 2 210 105 2 Broke in 4 pieces.

NS-189 PI3C spec. 4 220 110 2 Broke in 3 pieces.

NS-186 PLIC spec. 3 ‘ 230 115 2 Broke in 4 or more pieces.

, 1 or more not recovered,
N5-185 PILIC spec. 2 280 94, 92, 94 3 Broke in 3 pieces.
NS-184 PL1C spec. 1 330 110 3 Broke in. 5 pieces,

STRESS RELIEVED
(using the low temperature method of stress relief,)

NS-191 PL2C spec. 4 210 105 2 No failure. 63-1/2 mm dish
parallel to weld, 65 mm dish
, perpendicular to weld,
NS-193 PI2C spec. 3 230 115 2 No failure, 67 imm dish par-
allel to weld. 70 mm dish
perpendicular to welds
NS~197 PL2C spec. 5 230 15 2 No failure. 65 mm dish par-

allel to weld. 67 mm dish
perpendicular to weld.

NS-201 PL4C spec, 5 ~232-1/2 116,25 2 Broke in 5 pieces,
NS-199 PLAC spec. 2 235 117, 118 2 Broke in 4 pieces, .
NS~196 PL2C spec. 2 240 120 2 Broke in 5 pieces,
NS-198 PL4LC spec, 1 250 125 2 Broke in i pieées,
NS-195 PI2C spec., 1 250 125 . 2 - Broke in 4 pieces,
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TABLE II (cont'd)

Test Specimen Total Charge Grams per  No. of
No, Number . Wt. in Grams - Inerement: .Increments Results

L : CHARGE NOT ON.WELD . .t = - R e e
NS-202 PL4C spec, 3 230 115 o2 No failure.

NS~203 L-PL/.;C s'-pec.. b 240 120 2 Broke in 2 pieces. Consid-
oo S AR erable petalling,
" M1 PLIC and PI3C plates were as-welded and all PL2C and PLAC plates
were. flame stress relieved

It can be seen in Table II that all charges of 205 grams.or more caused
failure in the asawelded plates, whereas all charges of 200 grams or less did not
cause failurle in the as<welded plates. The as-welded plates are considered to have
a breaking strength rangé of from 200 to 210 grams which has been con31stently € 5
tablished w1th a.double check both at 200 grams and at 210-grams.

A1l charges of 232-1/2 grams or more caused failure in the stress re-
lieved plates, whereas all charges of 230 grams or less did not cause failure in
the stress relieved plates. The stress relieved plates are considered to have a
breaking strength range of from 230 to 240 grams, which has been consistently es-
tablished with a double check at both 230 grams and 240 grams,

The term "breaking strength range" is used in this report to indicate
the maximum charge at which no failure occurred and the minimum charge at which
failure occurred. In some instances, a double check is used to bound the breaking
strength range,

Using the above procedure, the. stress relieved plates require 30 grams
more explosive charge to cause failure than did the as-welded plates,

It is interesting to note that stress relieved plate PL4C, specimen 3
which was tested with a 230 gram charge did not fail, and that stress relieved
plate PL4€, specimen 4 which was tested with a 240 gram charge did fail in view of
the fact that both of these plates were tested following a different procedure from
that followed for NS-18, to NS-201., NS-202 (Plate PL4C, specimen 3) and 203 (Plate
PL4C, Spec1men L) were tested while the specimen was supported on the four sets of
bars placed in a pln-wheel fashion with each set of parallel bars being 10" (instead
of 16") apart., The specimen was placed on the support bars so that each side of one
corner of the specimen was supported by a 1" portion of each of the two support bars,
over which it rested. The other two supports were completely covered by the speci-
men. The explosive charge was centered on that portion of the plate supported by
the bars, and therefore, its center was 6" from each edge of the corner above men-
tioned, and consequently was not over or touching the weld,

Note: Some of the specimens exhibited a slight amount of wafping due to welding
and therefore did not rest absolutely flat on the support bars.

<
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B, Tests Comparing As-Welded with Several Types of Stress Relieved ;
Butt-Welded Steel Specimens. ' ' ‘

The specimens discussed in this section are not comparable with those
discussed in the previous section because of the difference in the stress re-
lieving practice, and in view of the different type of steel used. The specimen
-size is also different,

A group of eighteen 12" x 12" x 3/4" butt-welded specimens were testcd
to determine their relative resistance to shock loading as obtained by the direct
explosion test, Six were in the as-welded condition, six were furnace stress re-
lieved at 1150°F for one hour, and six were torch stress relieved by passing a
multiple tip torch progressively over the weld bead on one side of the plate only
(side on which weld reinforcement had been machined off). The weld metal reachad
a temperature of 900°F on the side opposite to the flame and this temperature was
maintained for 10 minutes. A fully killed, normalized steel was used to prepare
these specimens, This steel was furnished from Lukens Steel Co., Heat No. 20340,
Slab No, 6, Plate No, 142, and had the following chemical analysis:

TABLE III
Carbon Manganesé Phosphorous Sulfur Silicon Copper
- 0.18 0455 0.015 0,028 0.23 0420

Each specimen was prepared by welding two 6" x 12" x 3/4" plates to-
gether using Type E 6010 electrodes in the downhand position with a double-V, 60°
included angle, butt weld consisting of eight passes, after which the weld rein-
forcement was removed on one side of the plate, and that part of the weld rein-
forcement within 1-1/4" of each edge of the opposite side of the plate was also
removed, The direction of rolling was to right angles tc the weld axis.,

The plates were stored in an insulated cabinet with the temperature
maintained at 70°F 1 1/2° (21 ¢ ¢).

The powder charge consisted of NS-D explosive (Lot 556 B, the same ex-
plosive used to test the twenty specimens discussed in the preceding section of
this report), and was packed by means of a Standard Density Apparatus in 75 mm
diameter paper cartons in two increments, and was confined in an 8-1/2" diameter
x 12" high kraft carton filled with approximately 35 1lbs. of 20-30 mesh Ottawa sand,
and was detonated by means of a fuse~type detonator attached to a Primacord booster
placed in juxtaposition with the top of the explosive charge in the usual mannecr.
The weight of charge was the only controllable factor varied for cach plate,

The results of the tests follow:

TABLE 1V
Test Specimen Total Charge Grams per
No. Number Wb, in Grams Increment Results
. AS WELDED
NS-207 1 180 g0 47 mm dish parallel to the weld. .53 mm

dish perpendicular to the weld. Plate
7/8" longer perpendicular to weld than
parallel to it. No failure,




Test
}No.

Specimen '

Total Charge .

oo T - 8 -

(cont’d)
ams per .

Increment -

TABLE IV

NS-210
Ns-216 .

NS-20,

N&-213

NS-209

Ns-2121'
NS-218

NS-206

NS-215

NS-205

NS-208

NS-211

. Number

2

17

16

18

10

W, 1n Grams

“”liiééif
. ; ?6?1;1.
200 U' 

180

190°

190

200

. 200

200

220

- 230

95

100

. AS WELDED (cont‘d) TR
‘50 mm dish parallel to weld. 53 mm
.dish perpendicular to weld. Plate

5/8" Tonger perpendicular to weld
than parallel tq.it. Noefallure.

' 51'mm‘dish parallel to weld. 55 mm
dish perpendicular to weld. Plate

1" longer: perpendicular to weld than
paraliel to 1t No fallure. '

- Plate . falled by transverse cracking.

Plate remained in one piece. ‘Light
could be seen through places of

1fa11ure.ﬁ

Plate failed by transverse cracklng.
Plate remained in one piece, Light
could be seen through places of

.fallure.

~ TORCH STRESS RELIEVED ‘

.90

9

95

200

100

110

115

50 mm dish parallel tb weld, 52 mm
dish perpendicular to weld,

’Ne failure,

52 mm dish parallel to weld. 51 mm

- 'dish perpendlcular to weld,
- No failure,

- 50 mm dish parallel to weld, 55 mm
. - dish perpendicular to weld. Plate

3/4" longer perpendicular to weld
than parallel to it. No failure,

Broke in'3 pieces with failure

transverse to weld,

Broke in 2 pieces with failure
transverse to weld.

"FURNACE STRESS RELIEVED

51 mm dish parallel to weld., 57 mm
dish perpendicular to weld, Plate
7/8" longer perpendicular to weld
than parallel to it. No failure,

57 mm dish parallel to weld 58 mm
dish perpendlcular to weld.

No failure,

56. mm dish parallel to weld. 60 mm
dish perpendicular to weld,

No failure,
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2ABIE IV " (tont'd)
féét bpec1men Total Charge Gramd per .
No. Number Wt. in Grams Increment Results
‘ FURNACE STRESS RELIEVED (cont'd)
NS~214 11 24,0 120 58 mm dish parallel to weld. 58 mm dish

perpendicular to weld., No failure.

. NS~217 12 250 125 57 mm dish parallel to weld. 61 mm -!ch
: perpendicular to weld. Plate 1" longsr
perpendicular to weld than parallel to
it., No failure.

NS~219 8 260 130 55 mm dish parallel to weld., 62 mr ¢len
perpendicular to weld. Plate l~l/A”
longer perpendicular to weld than
parallel to it. No failure.

It can be seen in Table IV that the breaking strength range for the as-
welded plates was between 190 g and 200 g, such results having been consistently
established by performing two tests at both 190 g and 200 g and obtaining simiiar
results,

The breaking strength range for the furnace stress relieved plates is
above 260 g since no failure occurred in this series at that charge or at a lesser
charge.

The breaking strength range for the torch stress relieved plates was
between 190 g and 200 g, such results having been consistently established by
performing two tests at both 190 and 200 g and obtaining similar resuits,

Tests made on silicon killed, normalized steel, Heat 20340, utilizing
a different lot of NS-D explosive gives a rough comparison of the dlffurence be~
tween prime (unwelded) plate and the various welded specimens which were prepared
from the same steel and the results of which are cited above. The breaking
strength range was between 400 and 420 g. A dish of 75 mm was theqmaximum'obtain—
ed without accompanying plate failure. : :

Figure 7 (Photograph B-53) is included to show a 1" welded plate W1th a
typical transverse failure, The tests on this series are covered in OSRD Report
No. 6382, Serial No. M-622, dated 5 December, 1945. This specimen was made from
high ten31le steel welded with E 6010 blectrodes.

Note: The differences noted between the measurements of the dcpth of'the dlsh
parallel to the weld and perpendicular to the weld as stated in the results~
column is due largcly to the fact that the plates were not sguare, and that’ in
addition, the Spec1mens were not 12" on each side. The depth of dish figures
are, therefore, given in the thought that they may be of some help in analyzing
the results qualitatively,

C. Testing of 0,025" Thick SpeClally—Treated Stcpl Plate Utilizing
Explosives.

The Pennsylvania State Collége under NDRC Projedt'NRC—?é aﬁd‘now‘under
Navy contract NObs-31217, has been engaged in developing a thin steel sheet for
model studies which will exhibit the same behavior as 1/2" ship plate when sub-
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: . ,' ] .
jected to rapid biaxial loading in an, underwater exp1031on. A number of different
types of thin sheet steel were developed ‘which whefi tested statlcally in‘a‘hy-
draulic system.were—found to exhlblt several .times the ductillty of a5 x 5% x
1/2" plate tested by"detonatlng a‘charge of exp1051ve in contact with the geometri-
~ cal center of the under 51de of the plate whlch was . 1n the water while the opp081te
31de was 1n the alr j_-' B 5 ~~~~~~ x

It WAS thought that the 1ncreased ductility obtained might have been the
result of eitherithe size’ éffect, or the great differsnce in the bpeed of testing.
It was, therefore, deslrable to test the thin specimens utilizing a charge of ex-
p1031ve in the éffort’ to-obtain-an answer to that question. Consequently, pre-
liminary tests were ‘undértaken which are described below:

+ Circular spe01mens of the special experimental steel sheet, 3" in di-
anéter x O 025" thick were-centered on the top surface of a cyllndrlcal brass
support having a 2-17/2" diameter hole bored concentric with the outer wall of the
support -and were tested using a very small exp1081ve charge.

- v .. The sPeclmen was not clamped to the brass support but was held in place
by the. welght of a. plaster of paris dise approx1mately LM in dlameter and 1" thick
through the center of which a small hole had been drilled parallel to 1ts axis,
Any one of the standard test detonators which are prepared with varlous ‘weights of
charge accurately weighed and contained in a small copper capstle ‘and numbered in
steps of ‘one-half from #1/2 to #,, and-in steps of one from #, to #8 would fit
snugly in the hole. The lowest numbered detonator has the smallest charge which
is less than l/h gram. :

. The test was performed by 1nsert1ng the fuse-type test detonator in the
hole in the ‘plaster of paris disc which was placed on the top of the steel test
Z*speClmen so that the detonator rested on the center thereof, The specimen was in
* tubn dentered over the Hole in the brass suppert. No auxiliary charge was used,
“-ginte It 'was found that test detonators ‘between numbers 1/2'and 2 supplied the
desired degree of exp1051ve for¢e.” During the -explosionthie plaster of paris disc
“provided ‘confinement’; e '*fn'7- AT IEE

R

The few tests run indicate that specimens prepared by | dlfferent heat

o treatment metlidds can be differentiated by this ‘tést, One of the specimens tested

had been marked with a grid on the side opposite. that on’ which the explosive
charge was placed ‘and subsequent to tostlng the doformatlon of ‘the specimen (the
maximum obtalnable without failure) at various p01nts was plotted. Not as much
ductility is shown when an O,025" thick Spe01men is tested with a high rate of
shock loading as when it is tested statlcally in, 2. hydraullc system, 1ndlcat1ng
a Speed effect e AR

o A testlng apparatus was desmgned the . draw1ng of .which is shown in
Figure 8, so that the circular specimens could be tcsted in a hydraulic medium
utilizing the shock produced by the detonation of a charge of explosive,

*~ The charge is piaced in the center of ‘the large.part of the fluid ehamber
and is entirely surrounded by the fluid. All air is displaced by the fluid, After
the specimen and the charge-are in place, the apparatus is sealed and the charge
detonated. The shock wave. travels through the fluid in the. small channel to the

. specimen, one side of whlch is exposed.to the fluid., The deformation obtainable
may be varied by changing the weight of the charge, and by other methods not in-
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vestigated. This work was in progress when the contract terminated,

111, Conclusions.

1. Tests have shown that the static detonation of an explosive charge
under controlled conditions in direct contact with welded and unwelded steel
specimens provides a convenient and reproducible metnod for determining the rela.
tive resistance to failure under conditions of multi-axial shock loading.

2. Using the direct explosion test, it is possible to determine the
effects of 'stress relieving, pre~heating, electrode composition, and other che. jas
in welding procedure on performance,

3. It has been determined using the direct explosion test that a
special low temperature stress relieving process in which plastic flow is pro-
duced in the weld by thermal loading does not adversely affect the behavior of
welded plates when subjected to severe conditions of loading, Actual test data
show a slight improvement in performance for the specimens prepared using the low
temperature stress relief process.

L. Tests conducted on welded plates furnace stress relieved at 1150°F
showed improved shock resistance over corresponding as-welded specimens,

5 It is possible using a special technique to explosively test sheet
specimens 0,025" thick, Tests made on specially-treated steel sheet in this
thickness have exhibited reduced ductility when compared with corresponding stati
bulge test specimens, These results indicate that ductilities exhibited in bulge
tests in this thickness range are considerably affected by the speed of testing.
(Strain distribution will be included in a report to be prepared under Contract
NObs=31217,)
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Figure 1

Base Plate and Test Set-up
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Figure 2

75 mm, Standard Density Apparatus Assembled
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Figure 3

75 mm. Standard Density Apparatus Dissassembled
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Figure 4

Initiating Device
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FIGURE 6

TYFICAL LONGITUDINAL STRESS
PATTERN OF A STRESS
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Figure 7

H.T.S. Plate Showing Typical Transverse Jeld Fallure
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Figure 8
APPARATUS FOR TESTING THIN STEEL SPECI-

MENS IN A HYDRAULIC MEDIUM
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