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SUMNARY

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 lording 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
uaing the lovw temperature stress relief method, have been performed,

(b) Tests to compare butt-welded steel plates in the asewelded
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 corducted to ascertein whether or not it wae
possible to reproduce by shock loading in 0,025" thick specially=-treated
material, the extent and distribution of deformation produced in 0.5" tilick
medium steel plate subjected to the explosion test,
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Abstract

The direct explosion 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 reproducibility of the test.
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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 various specimens subjected to severe loading conditions.

B. Possible methods of shock testing 0.025" specially-treated steel
sheet by means of explosives were studied,

A discussion of each of the gtudies ocutlined above follows the details
of the experimental equipment and explosive characteristics belows

Original tests indicated that a firm base on vwhich the specimen and
related supportes could be placed for testing was necessary, and that certain
ipaccuracies could theresby be eliminated. The base shown in Figure 1 (Photograph
B-63) has proven satisfsctory and consists of an eight foot square block of
reinforced concrete fifteen inches thick and which rests on a bed of well=compaoted
cinders. Two pieces of steel, the lower 3" thick and the upper 1® thick, weigh a
total of approximately 2,500 1lbs. and are placed on top of the ooncrete, The top
plece of steel is easily replaced if it becomes damaged.

Original tests indicated that both the physical shape of the explosive' -.
charge and the type of explosive charge must be controlled, A cylindrical pellet
was found to be desirable and a device known as a Ctandard Density Apparatus,
developed by the Trojan Powder Company a mumber of years ago, was found to be
readily adaptable to the making of suitable pellets with the testing explosives
used,

Several modifications of the Standard Density Apparatus have been made,
one of which is shown in Fugures 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 charge can be controlled within certain limits at will,
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and densities have been oonsistently reoroduced with a variation of less than 1%,

Figure 2 shows the apparntus completely asseﬁbiod ﬁﬁd "re;-.dy f& use, while Figure
3 shows the apparatus disassembled.

The type of explosive required has been found to be influsnced by the
perticular stual specimens being investigated, so that a nmumber of specialized
explosives have been formulrted to meet the various needs, and in all cases the
oharacteriética of the testing explosives are measured by subjecting them to a
nunber of tests, the most important of which are the ballistic pendulum test which
is an index of the gas volume, the rate of detonation test which measures the speed
of the detonating wave, and the stendard density test which measures the density
under standardized conditions,

After the physical share of the charge and the type of explosive had
been decided upon, an initiator wes designed so that the charge could be used with
greatest effectivensss (Figure 4). This _nitiator is placed on top of each charge .
of explosive and consists of a ring sbout 1-1/2" in diameter of Enaign-Bickford .
Primado:d and a piece extending across the center of the rihg, botb of ‘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 meke the ring, and the opposits
end of one 1s 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 cesused to detonate
which in turn detonates the explosive charge. The flat ring is placed so that its:
entire circumference makes contaot with the top of the explosive charge. Since the
detonation of the charge takes place around its circumference instead of from one
spot which would be the case when a detonator alone is used the detonation wave
travels ractically in a straight downward direction.

" The avantity of explosive contained in this initiator 1s approximately
2,89 grams, and the amount of explosive actually touching the explosive cherge
is only about 1,18 granms;
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On the basis of the results obtaineda with this initiator, it appears to
be a definite improvement over the use of a detonator alone.

It 1s of utmost importance to have thoroughly in mind the fundamental
cheracteristics of an explosive in order to understand or control lis effects.
These fundamentals were used as a starting point for the formilation of a epecial
testing explosive to be used in this research project, From past experience the
effects of exrlosives have been conveniently clessified into lhrisant effects and
£88_volupe effects, the inter-relstionship of wiiich can cause any of the infinite
mmber of variations in the types of shock produced by explosive action., It is
entirely true, however, 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 is, one with a rapid rate of detonation)
will produce a very shattering and destructive blow which is many times charater-
ized by a spell or a hole when an armor plate is subjected to such s shock. In
contrast, a "slow" explosive or one with low brisance (low rate of detonation)
tends to move or deform material in its vicinity., A dish or cup=shaped indenta-
tion is likely to be the result of the application of such an explosive foroe
against steel plate, depending on how slow the rate of detomation is, and the type
of steel, ‘

A very good analogy of the rate of detonation and grs volume of an ex-
plosive can be found in ballistics in the speed and mass of the projectile when
in flight, The speed of the nrojectile can be likened to the rate of detonation -
of an explosive, while the mass of the projectile can be likened to the gas volume,
It is known that a projectile must have a cert-in 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 a sufficient force with which to pere
form the particular teek desired, Just as the weight and speed of a projectile can
be varied within wide limits in accordaﬁce with specific roquiremenﬁ, so oan an
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 explosive be formulated to have almost any combination of rate of detonation and
gas volume within reasonable limits that are desired,

From previous experience it was decided that in order to produce more
"dishing” and less “spalling" in the specimens tested by the direct application
of an exploeive shock, the explosive to be developed would have to have a com=-
paratively Jow rate of detonation and sufficient gas volume,

A nmumber of experimental explosives were formulated and tested by methods
then in use which included rate of detonation tests, standerd density teste, 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 defromation, and
finally an experimental explosive designated as NSe=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 oxidising salts
as well as several other chemical componenta, Not only are the proportions ime
portant, but it was learned that the particle sige and the intimacy of mixture
are signifioant 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 (TMT standerd ¢ 10,0).

Additional details of the testing procedure, experimental equipment, and
explosives used in these tests are precented in a series of earlier renorts.

(Final Report = Part I, OSRD No. 4655, Serial NMo. M=446 dated 23 Jamuary 1945;
Final Report - Part II, OSRD No, 6382, Serial No. M=622 dated 5 December 1945),
II. Regults aend Discussion,

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
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using the diroct explosion test to determine whether stress relieving affected
the resistance to shock ioading. The stress relieved specimens were prepared using
the low tempsrature method of atfess reliof which involves the heating of the
metel on each side of the weld and perallel thereto (by a movins flame to a temper=
aturobnot over 400°f), while at the same time cooling the weld itsell with a stream
of water. The temberaturo differential causes plastic flow in the weld thereby
reduciﬂgzthe resiiual welding stress,

These tests were requeatéd 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 nroperties
of this steel are listea in Table I3

IARLE I
Chemical Analysis in %
elt No, SlabNo, _C. Mo B S
6-F3983 3 0.18 0.43 0,021 0,025
Yield Tensile Strength |
Test Piece Point Lbs. Lbs. per Square % Elonga=
Thickness SeceArea  per.Sg. In, Inoh Liop i 8
0-738' 1.122 8Q. 37,700 59’500 32.7

inches

Each specimen was prepared by joining two 9" x 18" x 3/4" pieces together
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 reinforcement within 1-1//" of each edge of the plate was removed
on the opposite side, so thet the plates could be supported evenly during the test.

Figure 5 shows a typical plot of the longitudinal stress pattern of the
as-welded specimens. Figure 6 shows a plot of the longitudinal stress pattern in

e typical stress relieved plate, and also gives as a comparison the average stress
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pettern shomn in Figure 5., In addition, Figure 6 indicrtes the temperature ate
tained at variovs points during the stress relieving process.

The plates were stored prior tc testing in an insulated cabinet with
the temperature maintained at 70°F ’-‘ 1/2° (21 ¢ °c),

The powder charge consisted of NS=D explosive (Lot 556 B), and was packed
by means of a Standard Density Apparatus in 75 mm diameter paper cartons. In all
tests except those on Place 1C, Specimen 1 and Plete 1C, Specimen 2, the charge
was prepared in two increments. In the above-mentioned two tests, however, the
charge was prepared in three increments.

In general, each specimen was supported by centering it on a symmetrical
"pin ivheel type" support as shown in Figure 1, and the explosive charge was centered
on the weld at the center of the plate and confined in an 8«1/2" diameter x 12"
high kraft carton filled with approximately 35 lbe. of 20-30 mesh Ottawa sand, and
was detonated by means of & #6 fuse-type blasting cap attached to a Primscord
initiator which was in jtn:teposition 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 ies used instead of a steel plate to show the manner of support.
The outer confining .ontainer is cut away to show the Ottawa sand and the explosive
cylinder. The Primacord initiator and the fuse are also shown, This symmetrical
method of support simulates the four-sided support that a section of a plate
mcei;rea from the plate surrounding it,

In a few specific instances some parts of this general procedure were
departed from, which are .aa followss

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 of a bar to
the one parallgl to it, In the case of those two specimens, the distance between
the supports was 10" and the chrrge wﬁo not centered on the plate and was placed

on the parent metal,



Test

NS-187
I'S-188
NS=192
NS-200
NS«190
I'S-194

NS-189
¥S-186

MS-185
NS=-184

¥S-191
¥S-193
NS-197

NS-201
15=199

Specific data for each test is a&s followss

Specimen
Nymber

PL1C spec.

PL1C spec.

PL3C 'apéo .o

PL3C spec.
PLXC specs
PLXC spec.
PL3C spec.
PLIC bapec.

PL1C spec.
PL1C spec.

-7 -

Total Cherge Grams per No. of
Wt in Gremg Jnckement JIncrements Results
AS WELDED '

4 180 g0 2 No feilure. 57 mm dish par=-
allel to weld. 5 mm dish
perpendizuler to weld.

5 200 100 2 Yo failure, 61 mm dish par-
‘allel to weld., 62 mm dish
perpendicualr to weld.

1 200 100 2 No failure, 5C mn dish pare
allel to weld, 61 mm dish
perpendicular to weld.

5 205 102, 103 2 Broke in 4 pieces,

3 210 105 2 Broke in 3 pieces,

2 210 105 2 Broke in 4 pieces,

4 220 110 2 Broke in 3 pieces

3 2 115 2 Broke in 4 or more plsces.

' 1 or more not recovered,

2 280 9%, 92, 9 3 Broke in 3 pieces,

1l 330 110 3 Broke in 5 pieces,

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

.PI.20 spec. 4 210 105
PL2C opec. 3 20 115
PL2C spec. 5 230 | ‘.115'
PLAC spec. 5 232-1/2 116,25
PL4LC spec, 2

235 117,118

2

NN

" Vo fatlures 63-1/2 mm dish

parallel to weld. 65 mm
dish perpendicuier to weld,

No failure, 67 mm dish par-
allel to weld., 70 mm dish
perpendicular to weld,

No failure. 65mm dish pare
allel to weld. . 67 mm dish
perpendicular to weld,

Broke in 5§ pieées.

Broke in 4 pleces.
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TABLE II (cont!d)
Test Specimen Totel Charge Grams per No. of
0. Iumber W, in CGrems Increment Incremepts Regulia
NS=196 PL2C spec. 2 240 120 2 Broke in 5 pieces,
NS=198 PL4C spec, 1 250 125 2 Broke in 4 pieces.
NS=195 PL2C spec. 1 250 125 2 Broke in , pieces,

CHARGE NOT ON WELD
NS=202 PL4LC spec., 3 230 115 2 No failure,

. .. oe . . S . .-

NS-203 PL4C spece 4 240 " 120 2 Broke in 2 pleces.
Consideraple petalling.

All PL1C and PL3C plates were as-welded and all PL2C and PL.C plates
were flame stress relieved,

It can be seen in Table II that all chrrges of 205 grams or more caused
failure in the as-welded plates, whereas all charges of 200 grams or less did not
cause failure in the as-welded plates. The as-welded plates are considered to have
a breaking strength range of from 200 to 210 grams which has been eonaistontly es-
tabliched with a double check both at 200 grams and at 210 grems,

A1l charges of 232=1/2 grams or more caused failure in the stress re=
lieved plates, whereas all chrrges 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.
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It 1s interesting to note thot stress rolieved plate Pi,AC, apecimen 3
which was tested with a 230 gran charge did not fail, end that atreaa relieved
plate PLLC, apecimon 4 which was tuted with a 240 gram cbnrge 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, specimen 4) were tested while the apooimoo was supporied on the four sets of
bars placed in a pinewheel fashion with each set of parallel bars being 10" (insteed
of 16") apar'o.. The spacimen wes placed on the srvpoort bars so th&t. -each aide of one
corner of the specimen was supported by a 1" portion of each of the two support
bars, over vhich it rested, The other two aupports were completely oovorod by the
apecimen, The explosive charge was centered on that portion of the plate aupportod
by the bars, and therefore, its center was 6" from each edge of the corner above
mentioned, and conaequently was not over or touching the weld,

Notes Some of the specimens exhibited a slight amount of warping due to welding
and therefore did not rest a'bsolu'qely flat on the suoport bars;‘ |

" The specimens discussed in this sedtion are not comperable 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
sige is also different.

A group of eighteen 12" x 12" x 3/4" butt-welded specimens were tested
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 .elieved by passing a
multiple tip torch progressively over the weld bsad on one side of the plate only
(side on vhich weld reinforcement had been‘mchiﬁed off). The weld metal reachod

a temperature of 900°F on the side opposite to the flame and this temperature was
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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 analysiss

TABLE 111
Carbon - Manganege Ehosphoroug  Sulfur Silicon  Copper
0.18 0.55 ' 0.015 0.028 0.23 0,20

Each specimen was prepared by welding two 6% x 12" x 3/4" plates together
using Type E 6010 electrodes in the downhand position with a double=V, 60° included
angle, butt weld consisting of eight pmsses, after which the weld feinfomment
was removed on one side of the plaﬁ, and that pert of the weld reinforcement
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 to the weld axis.

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

The powder charge consisted of 1'SeD explosive (Lot 556 B, the 'aamel ax=
plosive used to test the twenty upéc.imem discussed in the preceding section of
this report), and was packed by means of a Standard Density Apperatus in 75
dismeter 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 vsual manner,
The weight of charge was the only controllable factor varied for each plate,

The results of the tests follow:

ZARLE IV
Test Specimea Total Charge Grams per
No,  Nugber  Ft. inGrepe Inorement Regulte
AS WELDED - - ,
NS=207 1l 180 20 47 mm dish parallel to the weld, 53mm

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



Test

NS=210

1S-216

KS=204

N5-213

15=209
rS-212

NS-218

NS=206

1'S-215

NS-205

Specimen

17

16

13

18

1]l =
TABLE IV (cont'd)

Total Charge Grams per
Mo, _Iumber  Ft. JnGrapg Increment

190

200

200

180

190

190

200

200

200

AS WELDED (cont!
95

95

100

100

Results
d)

50 mm dish parallel to weld, 53
mm dish pe vendicular to weld,
Plate 5/6" longer perpendicular to
weld than parallel to it, No
failure. .

51 mm dish parappel to weld. 55
mu dish perpendicular to weld,
Plate 1" longer perpendicular to
weld than parallel to it, No
fallure,

Plate fai’>d by tresnsverse crack=
ing. FPlute remained in one piece,
Light co.j* “e seen through
places of ' lure,

Plate failed by transverse cracke-
ing. Plate remained in one piece,
Light could be seen *hrough
places of failure,

TORCH STRESS RELIEVED

90

95

95

100

100

50 mm dish parallel to weld, 52
mm dish perpendicular to weld,
No failure,

52 mm dish parallel to weld. 51
mm dish perpendicular to weld.
No failure,

50 mm dish parallel to weld. 55
mm dish perpendicular to weld.
Plate 3/4" longer perpendicular
to weld than perallel to it.

No failure, '

Broke in"-B‘Ipieces with failure
transverse to weld.

Broke in 2 pieces with failure
tranaverse to weld,

FURNACE STRESS RELILVED

100

51 mm dish parallel to weld, 57 mm
dish perpendicular to weld. Plate
7/8" longer peprpendicular to weld
than parallel to it, No failure,
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TABLE IV_(cont'd)
Test Specimen Total Charge Grams per

FURNACE STRESS RELIEVED (ocont'd) )
NS=208 9 220 110 57 mm dish parallel to weld 58 mm
dish perpendicular to weld.
No failure.
NS=211 10 230 115 56 mm dish parallel to weld, 60 mm
" dish perpendicular to weld
No failure.
NS-21, 11 - 240 120 58 mm dish parallel to weld, 58 mm
dish perpendicular to weld.
No failure,
FS«217 12 250 125 57 mm dish parallsl to weld, 61 mm
o dish perpendicular to weld, Plate
1" lorger perpendicular to weld than
parallel to it, No. failure,
1S=219 8 260 130 55 mm dish parallel to weld, 62 mm
dish perpendicular to weld, Plate
1-1/4" longer perpendicular to

weld than parallel to it., No.
failure,

It can be seen in Table IV that the breaking strength renge 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 obta:lning
similar 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 chai-ge. |

The breaking‘etrength 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 results,

Tests made on silicon killed, normalized steel, Heat 20340, utilizing
a different lot of NS-D explosive gives & rough compsrison of the difference bee

tween prime (unwelded) plate and the various welded specimens which were prepared
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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 the maximmobtained
without accompanying plate fallure,

Figure 7 (Photograph B-53) is included to show a 1" welded plate with a
typical transverse faflure. The tests on this series are covered in OSRD Report
No. 6382, Serial No. M-622, dated 5 December, 19/5. This specimen was made from
high tensile steel welded witkh E 6010 electrodes,

Notes The differences noted between the measurements of the depth of the dish
parallel to the weld and perpendicular to the weld as stated in the results column
1s due largely to the fact that the plates were not square, and that 1in addition,
the specimens 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 analysing the results
qualitatively.

C.

The Pennaylvanin State College undor NDRC ijoct NRC- 98 and now undor
Navy Contract l0be-31217, has been engaged in developing a thin atoel nhoet for
model atudiea which will exhibit the same behavior as 1/2" ship plate when pub-
Jected to rap:ld biaxial load:lng in an undomter etplos:lon. A nomber of different
types of thin sheet steel were developed, which when tested statically in a hy-
draulic system were found to exhibit several .time.e the ductility of a 5' x 5' x 1/2"
plate tested by detonating a charge of explosive in contact with the ‘geonotrieu‘l
center of the under side of the p;lato which was in the water while the opposite
side was in the air, L | . )

It was thought that the increased ductility obtained might have been the
result of either the size effect, or the great difference in the speed of f.eating.
It was, therefors, desirable to test the thin specimens utilizihg a charge of

explosive in the effort to obtain an answer to that questicn. Consequently,
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preliminary tests were undertaken which are described belows

Circular specimens of the special experimental steel sheet, 3" in di-
ameter x 0.025" thick were centered on the top surface of a cylindrical brass.
support having a 2-1/2" diemeter hole bored concentric with the outer wall of
the support, and were tested using a very small explosive caarge,

The specimen was not clamped to the brass support, but was held in place
by the weight of a plaster of paris disc approximstely 4" in diameter and 1" thick
through the center of which a small hole had been drilled parallel to its axis,
Any one of the standard tesi{ detonators which are prepered with various weights
of charge accurately weighed and contained in a small copper capsule and mnumbered
in steps of one-half from #1/2 to #4, and in steps of one from #4 to #8 would fit
smgly in the hole, The lowest numbered detonator has the smallest charge which
is less than 1/4 granm,

The test was performed by inserting the fuse-type test detonator in the
hole in the plaster of paris disc which was placed on the top of the steel test
specimen so that the detonator rested on the center thereof. The specimen was in
turn centered over the hole in the brass support. No suxiliary charge was used,
since it was found that test detonators between rumbers 1/2 and 2 supplied the
desired degree of explosive force. bu.r:lng the explosion the plaiter of paris
disc provided confinemer.t.

The few tests run indicate that schimons prepared by different heat
treatment methods can be differentiated by this test, One of the apécmens tested
had been marked with a grid on the side opposite that on which the explosive
charge was plsced, and subsequent to testing the deformation of the specimen
(the maximm obtainable without failure) at various points was pléttod. Not as
such duotility is shown when an 0,025" thick specimen is tested with a high rate
of shock loading as whemn it is tested statically in a hydraulic system, indicating
a speed effect, '
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A testing apparetus was designed, the drewing 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 placed in.the center of the large part of the fluid. .
chamber and is entirely surrounded by the fluid. All air: is displaged by the
fluid, After the specimen and the charge are in place, the apparatus is sealed
ard the charge detonated. The shock wave travels through the fluid in the small
channel “to the specimen, one side of which 1s exposed to the fluld., The deformation
obtainable may b» varied by changing the weight of the charge, and by other methods
not investigated. This work was in progress when the contract terminated,

III. Conglusions,
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 method for determining the
relative resistance to failure under conditions of multi-axial shock loading,

2, Using the direct explosion test, it is possible to determine the
effocts of stress relieving, pre-hsating, electrode composition, and other
changes in welding procedure on performence.

3. It has been determined using the direct exploaion 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.

4Le Teats conducted on welded plates furnace stress relieved at
1150°F showed improved shock resistance over corresponding as-welded specimens.
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5« It is possible using a special techknique to explosively test sheet
specimens 0.025" thick. Tests made on specially=treated steel sheet in this
thickness havo exhibited reduced ductility when compared with correspcnding
static bulge test specimens, These resultes indicate that du-tilities exhibited
in bulge tests in this thickness rengs are conwiderebly affected by the speed
of testing, (Strain distribution will be included in a report to be prepared
under Contract NObe-31217).
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Base Plate and Test Set-up

Figure 1.
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Figure 2

75 mm. Standard Density Apparatus Assembled
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Figure 3

75 mm. Standard Density Apparatus Disassembled



-19 -

Initiating Device

Figure 4.
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Figure 7

H.T.S. Plate Showing Typical Transverse Weld Failure



Figure 8

APPARATUS FOR TESTING THIN STEEL SPEC.
MENS IN A HYDRAULIC MEDIUM

Trovan Powoer Gompany
Ressancn Darantrsnr

EXPLOSIVE TESTING APPARATUS

Emprroring A Liquio Meoum
For TrAnsmission OF Pressure

Seace =1

WAS-WHPR 20 Nov. IS
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