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Preliminary Report on Confined Tension Testing of
900-24

by

Richard A. Harlow
Richard V., Browning
Analysis and Testing WX 11

ANSTRRACT

A specially designed confining pressure vessel is deseribed that al-
lows tensile samples to be tested under a superimposed confining hy-
drostatic pressure. Tests on samples of well characterize | materials
such as aluminuin were used to verify the operation of the system,
calibration of the internad load cell, and data reduction methods. The
results of a series of exploratory tests done on the inert material 900-21
are described,

I. INTRODUCTION

Evidence of cracking in high-explosive (11E) charges dering early tests on FIPAWV
systems coupled with failures observed in previous programs prompted Paul Smith,
WX 11, to instigate a small research program to study the failure behavior of
HE materials and their mert simulator wnder a superimposed hydrostatic state
of loading,. llridgm;ull"z and other |wu|»|a-"’ priformed compression tests under
hydrostatic loading on many brittde materals and fonnd a significant change in
their apparent dictility. Bridgman’s work was well known to many peaple but
the application of his results was limited 1o intaitive explanations of differences

hetween numericad results and observations frem svstem tests,

Unfortunately the complexity of dome fracture op failnee apented tests has
nhibited work on HE matenals except for the standard tension test which is vy
poor for evaluating fracture sensitivity:. A complete study of the fracture hehavior
ol HE, not including hydiostatic pressure ellects, conld e very expensve and

tune consuning as weill. The compact fracture toughness specimen wsuallv used
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Figure 1: The specimen geometry used is similar to an ASTA F-8 sample.

for evaluating metallic materials is a complex design, diflicult 1o machine and
requires cvelic loading to develop o natural fatigue erack before perforniing the
actual test. Furthermore. we do not have appropriate machines for this type of

testing on HE.

At Smith’s suggestion we finally decided 1o begin with Bridgman style hydro-
statically confined compression tests, including the capability of doing tension tests
as well through the use of a neck~d down specimen. One author (RAIN designed
the confining pressure vessel, developed the associated control and data acquisition
techniques and performed the actuad tests. The other author (RVB) checked the

data reduction methods and devised some of the interpretations of the the results.

II. DESIGN OF CONFINING PRESSURE VESSEL

In designing the conlining pressure vessel several factors were considered. A
standard sized evlindrical necked tonsion specimen geometry was solected, son Fig,
. This, along with the need to accommodate strain measuring instrumentation
on the sample, dictated the mternal dunensions of the vessel, see Fig, 20 Anotlier
major factor was the maximum internal or confining pressuce at which to test, We
decided that a maximum confining pressare of 10,000 psi wao required, The vessel
also had to have a means for applyving an external axial foree to the sample throngh
a sealed plunger as well as incorporating a multi-conductor electrical feedthrough
for internal instrumentation. The teding was to he performed as an attepded
operation, that is with personnel present. so the vessel had to be designed with a

reasonable salety factor,

In the vessel design the maximum stresses ocear e the tangential or lioop

direction. AUthe 10,000 psmastmum workime pressre the calenlated hoop srress



was about 28.000 psi. At a 25,000 psi internal proof test pressure the stress becomes
about (9,500 psi. The material chosen for the confining pressure vessel was 1310
steel with a vield strength of about 70,000 psi in an anncaled vondition. With
this material at the 10,000 psi pressare the hoop stress is about 40% of the yield
strength. At the 25,000 psi prool pressure the hoop stress is nearly equal to the
vield strength. No heat treatment was specified for the vessel.

Before using the pressure vessel for attended testing a proof test was performed.
The vessel was instrumented with strain gages on the outside surface in two lo-
cations. One biaxial gage was placed on the center of the length of the vesscl
body measuring strain in both hoop and axial directions. The other gage. again
a biaxial gage measuring both hoop and axial strain, was placed on the outside
surface over the end scal area where the vessel wall thickness is at a minimum.
The vessel was then placed in a cotlin, for containment in the event of a lailure,
and internal pressure applied. The hydraulic media for the proof test was Dow
Corning DC200 fluid, a 20 centistoke silicone oil. The isternal pressure was raised
to 25.000 psi while monitoring the strain gage response. The pressure was held
at about 25,000 psi for a period of about 5 minutes. The gages showed a small
amount of plasticity on the external surface indicating even greater vielding oa the
internal surface where the stresses are theoretically higher, The plastic strain was
small, however, and the vessel did not fail or leak, indicating that 10,000 psi (0%

of the proof pressure) was a safe maximum working pressure.

III. CALIBRATION AND VERIFICATION TESTS

In conducting the confined tensile resting three measurements were required,
the internad confining pressure, the axial strain on the surface of the sample and the
reacting force applied to the sample to maiatain hydrostatic stress. The measure-
ment of the confining pressure was done with a strain gaged diaphragn pressure
transducer commercially available o conjunction with the recommended Signal
conditioning. This was by far the easiest of the three messurements to make, The
measurement of the axial strain was performed with a strain gage extensometer,
again commercially available, The calibration and verification of the extensometer
was nore complex than that of the pressure transducer, In addition 1o a simple
calibration of output voltage versus displacement at 0 psig., verification tests were

conducted to determine the extensometer Fesponse Lo prossire,

In order to determine this response two tests wore conducted I the i tea
the extensometer was pinhed. or mechanically restramed. to atlow no displivcement

and then hvdrostatic pressure applicd A linear it of the extensometer iesponse to



Figure 2: The basic pressure vessel consists of the evlinder. two end
plugs and their retaining rings. O-Rings are used in the plugs to provide
the pressure <eal. Flectrical feedthroughs for the extensometer wiring are
in one plug, while the other has a through hole to receive the plunger.

pressure was made for possible use as a correction factor in subsequent tests. In the
next test the extensometer was attached to an aluminum sample with a smaller
diameter gage section than the 900-24 samples. A smaller diameter was used
to compensate for the diflerence in strength and stiflness between the aluminum
and the 900-24. The instrumented aluminum sample was placed in the vessel and
hydrostatic pressure applied. A reacting force was applied to the end of the sample
during pressurization in order to maintain a hydrostatic stress state. The force
was applied through a plunger in the end of the vessel by an Instron Corp. clectro-
mechanical load frame and measured externally using the Instron load cell. The
reacting force was applied as a function of the conlining pressure by a compnter
~ontrolled elosed loop system. Upon reaching 10,000 psi the reacting axial foree
was reduced to develop an axial tensile strain. Standard three dimensional jinear
olastic stress-strain equations were used to compute theoretical strain from the
recorded load ard pressure values, An attempt was made to correet for changes
in extensometer ontput due to pressure that were discovered in the first test. t
was apparent from this correction that the correspondence to theoretical valnes
was substantially worsened.  We helieve that in the first test the extensometor
was not actuadly confined to zero displacement by the retaining pin, as originally
assumed, and the clhiange in extensometer ontput was Jdue to displacement within
the conlfining mechamsm, The correspondence to theoretical values of the daty

{from the test with the extensometer attached ta the alominum sample withon



the correction was very good and it was felt that at pressures up to 10.000 psi the

extensometer would be accurate enough to use for subsequent tests.

After confirming that strain measurements using the extensometer could be
made in the high pressure environment of the vessel. preliminary tests with 900-24
began. Fig. 1 shows the nominal dimensions of the specimens. It was origi-
nally thought that the friction of the plunger, applying the reacting force, moving
through the plunger seal would be insignificant. After conducting several confined
tensile tests with the 900-24 material. and obtaining unexpected results, it was
evident that the seal friction was much greater than expected. Tests were con-
ducted to determine scal friction as a function of internal pressure. The results of
the<e tests indicated that at 10,000 psi the [rictional force required to move the
plunger through the scal was about twice that required to break the samples of
900-24 in tension with no confining pressure. As the force measurement used to
calculate the axial stress in the sample was external to the vessel, the measure-
ment included the seal friction component. The repeatabilicy of the seal friction
was not consistent enough to allow for mathematical correction. An alternative to
mathematical correction of the seal friction induced crror was to make the reacting
force measurement on the other side of the scal, that is inside the pressure vessel.
In this way the reacting force applied to the sample couid measured without the

sea] friction coniponent.

A new plunger was designed that incorporates a relatively small cross sectional
area with an enlarged diameter vent passage, sce Fig. 3. The intent was to
maximize, within safe limits, axial stress in the plunger for greater strain sensitivity
and still be able to reasonably install strain gages on the inside surface of the vent
passage. Placing the strain gages on the inside surface of the vent passage isolates
the gages from the high pressure environment as well as simplifying assembly and

disassembly of the vessel for installing new test samples.

After instrumenting the redesigned plunger a program of calibration and ver-
ification was initiated. The first step in this program was to perform a simple
output voltage versus axial force calibration to determine the sensitivity of the in-
strumented plunger to force and determine lincarity and repeatability. Axial force
was applied to the plunger using the Instron load frame and measured with the
Instron lnad cell. The plunger output response as well as the Instron load cell were
recorded for determination of the plunger sensitivity, linearity and repeatability.
After confirming the linearity and repeatability of the plunger and cale--"ating the
sensitivity to axial force verfication at high pressure began. The method used 1o

verifv the usefulness of the plunger for high pressure testing was much the same
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Figure 3: Design of the instrumented axial load plunger. Strair. gages
internally mounted in the reduced section of the plnnger avoid the seal
friction forces and measure actual specimen axial loads.

as used to qualify the extensometer. An aluminum sample was used, this time of
the same geometry as the 900-2 samples. The sample was instrumanted with the
extensometer, placed in the vessel and the vessel assembled with the instrumented
plunger. The pressure was increased to 10,000 psi while applying the reacting
load with the Instron as a function of pressure to maintain a hydrostatic stress
state. The internal pressure, the extensometer response, the plunger output and
the external force were all recorded in this test. Results showed that the plunger
output response was much lower than expected based on the other measurements
and the same three dimensicnal linear elastic stress-strain equations. After further
analysis of the system it was determined that correction for hydrostatic pressure
acting on the instrumented plunger must be made. The pressure acting on the
plunger caused hoop stress in the instrumented section of the plunger and through
the Poisson effect caused a tensile strain in the section. This tensile strain was
subtracting from the compressive strain induced by the axial compressive force.
Another component aflecting the plunger was the internal pressure acting on the
area differential of the plunger. This also caused tensile strain in the plunger
subtracting from the dusired compressive strain used to measure the reacting axial
force inside the vessel. After mathematically correcting for both of these conditions
the correspondence of the plunger response to theoretical values of the aluminum
response was very good. The diflference between measured internal and external

forces also agreed very well with seal friction values measured earlier. [n the origi-



nal verification of the extensometer using the aluminum sample the forces required
to induce an equivalent strain were much higher than required for the 900-21 ma-
terial. Because of this the seal [riction component was a much smaller percentage
of the total force and could be neglected. The final verification test indicated thac
both the extensometer and the instrumented plunger would be accurate encugh
to continue testing with the 900-2-1 material.

IV. EXPLORATORY TESTS ON 900-24

As of this writing a total of thirteen tests have been conducted on 900-2:1 inert
material. Two of these tests were invalidated because of hardware problems, such
as leaks, or operator error. All tests have been conducted using DC200 fluid, the
same media as used in the proof test of the vessel. The first four tests conducted
(one of these was invalid) were done using the 900-24 material in an untreated
condition as they were received. These tests indicated that the material was failing
when the axial stress and the axial strain were still very much compressive. Upon
examination of the broken samples the failure surfaces appeared the same as if the
samples had failed in tension.

This behavior was not expected and so the next tests were conducted on 900-
24 samples that had been coated with various materials. The reason for coating
the samples was that we believed the silicone oil was intruding into the material.
The inert material is basically a mixture of relatively high modulus crystals bonded
together with a relatively low modulus plastic binder. The hypothesis was that the
silicone oil under pressure was displacing the softer binder and changing, locally,
the surface of the material by opening a small crack. Once the crack, or opening
between crystals, was initiated it would expose progressively more surface arca to
the pressurized silicone oil, causing a very localized stress concentration which,
once started, would become a sell supporting fracture. This type of failure would
appear to be, and actually would be. a tensile failure.

Upon testing the samples that had been coated with various materials it was
observed tiat a significant change in strain at [ailure occurred. Table 1 presents
a summary of these initial test results. For example, compare the results for tests
900ct! and 900ct3, both for uncoated material, with results from 900ct10, a Kry-
lon coated specimen tested at the same nominal pressure. The greater difference
between pressure and failure stress indicates much improved performience. The
complete stress-strain curves are displayed in Appendix B. A typical resalt curve,

with the extraneous data points following fracture removed. is shown in Fig. 1.
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lowing fracture removed. The initial hydrostatic loading curve is rough
because of the confining pressure is ramped up using a hand pump. Pos-
itive stress is compressive in this graph,



Table 1: Test summary. The total strain at failure is given by ¢; and the
corresponding stress is ;. Note that the relative strength of the sample
is given by the difference (actually the sum using the sign convention
of the table) between the pressure and the failure stress in this loading
situation. Positive pressure is compressive. Positive failure stress, oy, is

tensile.

Test Coating Pressure (psi) | ¢ (%) | oy (psi) l
900ctl | none 10000 | -0.170 -6800
900ct2 [ bad test

900ct3 | none 10000 | -0.225 -7700
900ct4 | none 5200 | -0.0-15 -2900
900ct5 Krylon 6500 | +9.290 =250
900ctG | M-Ccat D 6500 | +0.120 -2200
900ct7 M-Coat A G500 | +0.030 -3500
900ct8 { Tens-Lac under. 7000 | -0.010 -3000
900ct9 Vinyl tape R000 | -0.170 -5000
900ct10 | Krylen 10000 | -0.130 -5200
900ct1l | bad test

900ct12 | Tens-Lac utov. 7250 | -0.040 -2900
900ct13 | none 725 | +0.075 +150

The scnsitivity to confining pressure level seems to support the original hy-
pothesis of oil intrusion onto the material.

More test samples of 900-24 material are currently being produced and a pro-
gram of testing both uncoated and coated samples at diflerent levels of confining
pressure will be initiated to better chara~terize the material behavior in a hydro-
statically stressed onvironment.

V. COMMENTS ON RESUITS

Test results to date indicate that samples coated with a rigid material, like the
acrylic Krylon, are apparently much more resistant to fracture than uncoated spee-
imens. Rough estimates can be made by ealeulating equivalent nniaxial strosses
and strains from the test data, Table 2 shows these caleulated nnmbers ordered
by equivalent stress together with a very rongh estimate of the shear moduolas
of the coating. We have no direct method of measuring wmodulus of a thin Glm.
We are basically trying to distinguish between soft. rubbery materials like RTV
silicones and st materials like polyearbonate and PMMAL Nso note the consid

erable samiple to-sample vanation and confining pressuge eflccts observahle in the



Table 2: Test results ordered by equivalent stress at failure calculated as
Teq = p+ ay. The relaiive stilfness is onr estimate of the shear modulus
of the coating. high= 10>--10" psi. low= 0 10" psi. The equivalent uni-
axial strain. Ac is calculated as the difference between the extensometer
reading at failure and the reading before starting the uniaxial unloading.

Test Coating Orq (psi) | A () | Rel. Stiflness
900ct10 | Krylon 1800 0.0 | high

900ct12 [ Tens-Lac u+ov. 4350 0.3:4 | high

900ct6 | M-Coat D 4300 0.576 | high

900ct5 | Krylon 1250 0.671 ] high

900ct8 | Tens-Lac under. 1000 0364 )7

900ctl | none 3200 0211 | low

200ct? | M-Coat A 3000 0.252 | iow

900ct9 | Vinyl tape 3000 0311 | low

900ct3 | none 2300 0161 | low

900ct- none 2300 0.151 | low

900ct1d | none NTH 0.133 | low |

results for uncoated specimens and the two Krylon coated specimens.

In an HE system. potted in a typical silicone rubber, and then subjected to
nigh acceleration levels the stress state around the HF surface of the charges will
be close tn that encountered in our hydrostatic tests in the sense that the shear
stresses are low compared with the pressures involved. Typical silicone rubber
potting materials have a very low shear modulus compared to the HHE and could
intrude into the IIF surface in precisely the same fashion as the silicone oil in our
experiments.

We recommend coating charges with a selectod material in a future Davis sun
test to evaluate this theory. A brittle stress coating was applied in one early Davas
pun tests and in that test no coacking of the inert was observed. Tn oup tests the
brittle stress coatings were not quite as eflective as Krevlon but did enhanee the

apparent ductility of the the samples.

Additional tests on other coatings are planned for the near futuree. We do
believe that improvements in the apparent strain to failure, or ductility, of HE like
materials could be realized. Dramatic improvemwents in the stress at Gnlure s not
likely because this is basically controlled by vhe shear strength of the B and not

substantially ehanged by the coatings.

10
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Appendix A. DETAILS OF DATA REDUCTION METHODS

When auniform pressure is applied 1o the sides bt nor the ends, of e neeied

tensile specimen the axial stress in the reduced diameter section of the <ample s

Tp = (A, - -‘In)l'/-"l!'

where

a, = Pressure Induced Axial Stress,
Ala

Ay = Sample Large Diameter Area,

Sample Small Diameter Area,

I' = Applied Pressure,

When a reacting force 1s applied to the free end of the sample a hvdrostiatie

stress state mav be maintained, The total stress is
= (A — 00 A, - FLAY,

where

F = Applied Foree,

After achieving a confining pressure of interest the reacting foree may b e

duced to create axial tensile stress in the sample at oy level of confining press re,

The axial force is determined by measuring the strain in the plunger aad apply-
ing corrections to compensate for pressure elfects, The total axial strain is the sina
of theee terms: one from the axial load on the end of the plunger, a second cansed
by the Paoisson effect from the hoop stress geperated by 17 o confining proessare,
and a third term coming from the pressure acting axiallv on the area differential
hetween the end of the planger tmagor dismeter) and the onter diameter of the
reduced section. Lhe second tepm s obtaied from standapi thick walled ovlinder

oquations, see po S0 in Roarkd, Writing ont this cquation we have

3 ! et . RN L
A N L Y B T T A L

Fhen solving lor Toand delimmge b Lol R we e



o= I\'_I' 2ol I
B S W N PR O TER

where

K = Stradn Sensitivity to Axial Torce of Instrumented Plunger
tmeas. = Measured Axial Strain

F = Young's Modulus of lunger

Poisson’s Ratio of Plunger
- Outer Radins of Tnstrumented Section of Plinger
{ Plunger

1=
.
I, -
R.., = Major Ladin- of Plunger

nner Radins of Tustiumented Sedtion



Appendix B. ORIGINAL TEST RESULTS

The figures shown here are nuedited copies of stress strain curves rom e
original test series, including some tests where obvions errors occurred.  Some
figur2s are more difficult to interpret than others. Usuadly the post failure portion
of the curve is clear, but sometimes it hecomes confused with the original loading
curve. in all cases the initial point is at the origin, and from there we trace the
hydrostatic loading curve (usually very rough because of pressure loading with a
hand pump) followed by a relatively smooth uniaxial stress unloading controlled
by the [istron crosshead motion. Faiiure of the specimen is usually indicated by a
sharp change in slope on the unloading curve. followed with several random data

points.

Althougle not shown here, the contining fhuid pressure does drop somewhat

during tue uniaxial unloading. In most cases the drop is less than 20'%.
The complete time histories of load. pressure, sample strain. and other derived

variables are available in QRPLT form for peaple interested in detailed study of

these results.



S0 k251 WL en. il tltae

I Y
3 \
% !
- \
[ #A
| <R \
! R \
! ? \
L] \
! ’ \
H f
1 0.0 ng " ot A | S b . A} « L
]

't batonuz=ptar nr

Figure 5: First Test of an urcoated specimen, Nominal pressure for
uniaxial unloading, 10000 psi.

Q00 24 Tout 2 M My 2y

Calz. St-ess L...-
AIE &R JHX WA O CXEK

SE VS

csswImE ous amms e
Ry
rl

Figure 6: Fxample of a bad test. Uaially we diccand tests ke this one




ftg ol SLr et

S0 206 ST 000 B

S 0 TR

[

A

[ VIR

H)

.5

N LI A [ B A 1]

[P0 Pt B B | RS 1) R L} -4

Patangemal g

Figure 7: Uncoated specimen 2, 10000 psi.

G006 2T Tost 4 0 e i
Wee,
Lo
L Y
.
\\
L% ‘.\'\
~
.
.
=
)
*t
W
s
-

- b
| ) ]
[P R [ R 1

L LTI T NTY i

Figure 8

Uicoated - peciien 352000 pe



L eus

i+ 3 2000 oct

5-

2
9
2
x
-
s

8

3
\
1 '

o N
R
L ‘. « B -4 . b S, H A
Ualoscrotor :

Figure 0: Kivion coated specimen, 6300 psi.

GO0 Tase b Mgk Y

4
i
i

noep o owy L L | L S B A b B R | ™t )

Vet mnt e

Figure 10: M Coat Do stiabn paee coating, material, 67500 -




PEXEY [

a2 . .
e '
H
!
3
S\
. .
k!
LI ‘- -
- .k \\\
a 1] -
A ‘-
I\
- LN
.
o P .\_
: z , - S
\ ! . Y
- -~ -
P ) b
! ~
! .
' “ - el
] 1
L . - __-_—-"
' g
. 2]
. ‘G.5 .4 ! 1z 3t | o 2.3
) B Saenuamotes

Figure 11: M-Coat A, another gage coaling material, 6500 psi.

ST0-24 laau 8 G !lpr 88

ax 2200 XGC 0 E'é;.‘..'ﬂ 0 G000
: e
' ’u.‘b'
ra
W/

- ~
= J ~ . o f
L . - .
H N ) T _/’/
l L \ L
u —
: e T
I e 1= - "._
] { M
i -
| ’ .
' )
' |
[ ] ‘ ‘\
= ) — g
‘ [ I H I [T P P T B I T "R ¥ B T S R ¢ L [ IS . I P
) 'L atghpnmeLne P

Figure 12: ‘Tens-Lac underenating, a brittie lacquer coating material

usedd for whole fielil stress measurement, 7000 psi,



20

e

(
C

700 HGIS A0

LB,
4000 S0 60l

Siress

BxLol

1000 2000 MO

1]

B V]

13500

Axcc. I'-ess  p.s.L.

250 Y SKOu 258 7S @D

1¥%0

Ve
"
.\
‘. - ——
P .
.
.
LN
.\ N ’/-
\ ~. _ -
b \ e
N -
——
1 - \
,-/-‘ \\
i L \
- \,
< .
~
4 N
\.
.. N
-~ N .
cBa -C.7 3.6 o L] B | v 2 i} 7 |
T atenunmater P

Figure 13: Vinyl tape, yellow, 8000 psi.
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Figure 14: Kevlon coated specimen 2, 10000 pi.
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Figure 15: Dad test number 2.
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Figure 10: Tens-Lac undercoal and overeoat, 7201 psi. The overeoat iy

a clear flexible eoating used to protect the andereoat,
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Figure 17: Uncoated specimen 4, 725 psi. This sample is close to the
conditions in a standard tension test with only atmospheric confining
pressure,



