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MEMORANDUM : AUG 2 1'59 INVa
TO: Distribution
FRONM; W. Goldamith

SUBJECT: Preliminary Proposal for Dynamie Stress and Strain Measurements
during the RAINIER (Underground) Shot.

INTRODUCTION

Serious thought is being given to the production of a large
number of underground nmiclear explosions wvhiech are to be comtained in a
cavity of relatively high-grade rock. In order 4o determine whether the
strength of such rock is sufficient to withstamd the shock pressures created,
it 18 necessary to obtain additiomal information on the statiec and dynamic
stress and strain properties of the rock. Informatiom of this type can be
readily obtained under precisely controlled laboratory comditions by scaling
the expected detonation pressures with high explosives. The projected under-
ground shot (Rainier) seems to offer an asdditional opportunity to gain val-
uable information on this subject with a minimum of expemse. The present
memorandum presents a preliminary proposal for the neémremant of these prop-
ertiesa.

The immediate and obvious advantages of an underground shot as
opposed to an air shot for this type of experimemt lie in the relative ease
of installation of the test specimens and measuring equipment. Focussing
effects due to the interaction of ground and air will not be present and,
further, the shock arrives through a medium whose properties are more nearly
those of the test specimen than air. At least some of the‘test specimens in
the contemplated experiment have a reasonable chance of being recovered.
While scaling with high explosives would provide informatien over a wider
range of pressures, one of the unique features of muclear explosicms, namely

the mich longer decay cemstant of the pressure se, can not be go readil
y CLASSIFICATION CANGELLED OR ’ 7
simidated.
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If suitable recording equipment can be made available, the total
cost of instrumentstion exclusive of labor should not exceed a fev thoussmd
dollars. The instrumentation comasists solely of pressurs-measuring
accelerometers, strain gages, wire and cables 1in additiom to the fabricated
samples of rock. The rock, which will have to be procured repidly imn view
of the imminence of the underground shot, would comsist of good grede pranite
or basalt, characteristic of the type of material cemtemplated as the oom-
tainer for the previocusly memtioned cavity.

TYPE OF TESTS
The tests described are intended to similate standard emgineering

performance tests under dynamic comditioms. It is believed that the usual
uniaxial tension, wniaxial compression and shear tests ordinarily exscuted
under static econditions cam be reproduced dynamically using the shoek wave

from the muclear source as the driving agent. In view of the short time aviil-
able for plamning, it may be necessary to limit both thetype and muder of tests
in order to properly install the specimens and check the circuitry. In any
event, a large muber of additiomal specimens should be retained for subsequent
static and dynamis tests of strength under laberatory sonditicas.

The Tension Test:

It is proposed to utilize the Hopkinsom bar technique in oxdsr to
achieve tensile fallure in a specimen. The success of the method is predicsied
an the assumed large difference in compressive strength as opposed to temsile
strength of the sumples. This difference is known to exist under static com-
ditions, where the ratio of these stremgths is of the oxder of 10 or 20 to 1.

" The proposed shape of the specimen, shown in Figure 1, comsists of
Sy AT surpore two cylindrical sections with
A < ¥
? support / vave Gismeters 4 and D, respectively.
/ =~ The enlarged sectiem will have
"7 provisions for firm attachment
. wer to the side of the tummel, parhaps
7 by means of bolts or studs; the
/ mounting bolts being sc loeated as

v L S t0 leave an unobstxucted plane

spall plate

olte path with respect to ths actual
Figure 1 test sectien, vhose diameter is
d and vhose length is L. A fine, brittle wvire {a to be wound helically around
the test section and bonded to its surface.

SECRET
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A piezo-elestric type of aseelercmeter is to be mounted om the
specimen. Preferably, this dsvice should be attashed to the actual test
section, but alternstely might be mounted on the enlarged sectiom of the
saxple. Two or more strain gages of the post-yleld type, vwhich funetion
for elangatioms up to 104, should be bonded to the test sectiom at suit-
able stations. In viev of the transient nature of the impulse, the
strain in the sample will not be umiform, and the delinestion of its mag-
aitude at several positioms would be desirshle. The brittle wireofhete be
anergized and eleetrically coupled to the accelerometer circuit, so that
breaking of the vire would be resorded by a distinet sigaal. To preveat
a premature spalling of the emlarged seetion, this portion of the speci-
men might be capped by a steel cylinder. The entire assembly should be mounted
at the ceater of the vertical wall faecing the explosiom, and might de sup-
ported additienally by wires suspended from the eeiling in order to earry
-the weight of the sample. '

The operation of the test would be as follows: The sheek vave
initiated by the muclear explosion would pass through the tuff and eater
the enlarged and subsequently the test section of the specimen esseatially
as & plane vave. The pressure-time (stress-time) history of the pulse would
be measured upon passage by the accelerometer. It will be assumed that the

initial passage of the wave tarough the test sectiom will not produse com-
Pressive failure. Upom resaching the free surface, the shoek vave would be
inverted and return as a temsiom vave, fracturing the specimen vhem the
superposed reflected tensiom and initial compression wvave reach a temsile
stress equal to the critical temsile fracture strength of the material. This
fracture stress would be computed from the measured pressure-time curve, the
measured time lag to fracture, the known specimen length and a known value
of the shoek velocity in the rock which will be assumed constant over the
length of the specimen. It is likely that the sound veloeity in roek will be
sufficiently near to this shock velocity to be used im this calculatiom. The
wave progress through the specimen is illustrated in Figure 2. 1In order to
appraise the magnitude of the lengih dimension L of the specimen, & crude cal-
culation was made to gain sa idea of the order of magnitude of the pressures
required to fracture specimens of reascnable lengths.
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It will be assumed that an exponential pulse of the type p = Py © arrives
at the specimen with time comstants @ of (1) 20/see. and (2) 100/see.,
respectively. The failure strength of the material in temsion will be takem
as (&) 1000 psi and (b) 5000 psi. The sheek velocity = sound veloeity =

6 mn/microsec. Then the specimen failure in inches from the free end is

~ glvem by the follewing table:

Specimen failure, inehes from the free emd

P, Psi (a) (v)
(1) (2) - (1) (2)
1,000, 000 12 2.k 60 12
500, 000 2k 4.8 120 2h
100, 000 €0 24 a1k 123
50, 000 2h0 48 1260 252
10,000 1200 2ko 8k 60 1660

It may be moted that, except for extremely high pressures, the calcwlation
predicts specimen lengths which are sbsurdly large. However, inasmich as

the initial skock pulse undoubtedly carries its owva tensile components rather
than consist of a purely exponemtial decaying pressure pulse, fraecture will
undoubtedly ocewr at some time evem for moderate gage lengths of, say, 24
inchesn Hovever, the interpretation of the frasture streagth from the accel-
erometer measurements would be more complicated in view of the superpositiea

of several reflected waves., However, it would appear important to place
some gages as close to the source as practical.
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If 1t vere net for the guestiom of interpretatiem, it might de
suggested that the bars should either be motehed or, altermately, be
tapered tovard the free ead. .

A2 indicator should be provided to imsure that specimen failure
does not result from srushing as the consequence of cave-ia of the valls.
The bonded wire should be eapable of rupturing vithin a fractiea of a
mierosecond. Prelixisary tests vith high explesives sppear abdbselutely
necessary, both fer the sake of calidbratiom and for feasibility studies.

Even if the specimen does net fracture, correlation of the stress-
sad strain-time records should provide very valuable informatioa en the
dynaxic behavier of the rock in terms of am "engineering” equatioen of state.
THE COMPRESSION TEST:

It is proposed that the compression
test be accomplisked by squashing a
modified form of the tension test
specimen betveen the two walls of the )
tunnel, as & result of the differeatial  gtrain gages
motion between these two surfaces preduced
upon arrival of the gheck wave. The shape
of the proposed specimen is shown in Figure 3,
and 1ts installation is schematically represented in Figure k. The canter
of tunnel wall A, which is exposed to the direct force of the blast, will
exhibit significantly greater surface displacements than the center of wall
B, since the shock vave mist diffract around the corners of the tummel, and
will probably leave a region of low pressure at the center. This differ-
ential motion can them be utilized to compress the test sectiom. Two
accelerometers should nov be employed, one at each end of the gage leagth,
mounted either om the test sectiom itself or on the enlarged cylindrieal
portion. Strain gages mounted on the test section and a bonded, helically
wound vire weuld complete the instrumentation, and the opersticn would be
similar to that described in the previous section, except that teamsile com-
ponents due to reflection at the free surface could not be gemerated.

Ideally, the rock specimen would extend across the eatire width
of the tunnel, with a test section of perhaps 2-6 inches im length, since
this parameter is no longer a governing quantity as far as breakage is

accelerometers

bonded vire

Figare 3

tannel
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concerned. However, such an arrangement might lead to considerable com-
struction difficulties, and it is believed that a syzmetrical specimem
such as shown in Flgure 3 backed by a suitable structure will be adequate
for the purpose of preventing reflecticms from a free surface.

The backing material should be such that its acoustic impedance
pc  1s the same 28 that of the roek. For example, assuming the velocity
of sound in granite, whose density is 2.5, to be 6 mm/microsec., the
acoustic impedence is 15 g-mm/(cc-mierosec.). Aluminum with & demsity of
2.7 end a sound velocity of 6.2-6.3 mm/microsec. gives an acoustic imped-
ance in the same units of 16.7. Although this is somevhat higher than the
value for rock and would give rise to reflections at the interface, it is
probably the closest available structural material relative to the acoustic
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property of rock and may prove adsquate. If this poimt is deemed important,
better shock matching materials cam be obtaimed, although this vill vastly
increase the cost of the operatiom.

TEn diamster d of the test seetion amd length L sheuld be chosea
to coaform to manufacturing and instrumentation requirements, sines they
are not governed by the nature of the pulse. Perhaps a ratic of D/d of 5
is reascaable.

The specimen will be mounted at a distanse r radially froa the
explosion, and the peak compressive pressure at this point vill be p. The
maximm force cn the cylindrical test sectiom is thus 1/k dzp, Since the 2— r>
static ecompressive streagth of the specimen is im the vicinity of 30,000
psi, it will be necessary to ascertaia sppropriate distances from the ex-
plosion for the most effective spacing of the gages. Pelsor gives the
following values of pressure as a funetion of radius, vhich he believes to
be & very high estimate:

Table 2
Radius Calculated pressure, P,
ft ~ megabar psi
100 1 1, 500, 000
200 02 300, 000
300 .009 130,000
koo -005 75,000

It is probably desirable to place gages in the range of peak pressurss. from
10,000 to 200,000 psi. Sinece the results of the caleulaticms in lele' 2
may be high by as mich a8 g factor of 10, it is seen that the desired range
may be achieved by placing five specimens in the tunnel at intervals of 100
Tt starting lOO'rron the sourcs.

The operation and evalustion of this test is similar to that
described for the temsion test. Again, if some samples do not fail, it
may be possible to derive sn engineering stress strain curve under dynaxie
conditionas. The compression test is not as significent as the temsion iut,
since the actual failure of the specimen is of the shear type and may lead
to some additional difficulties in interpretation. '

P25 000, SECRET |
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THE SHEAR TEST: vire

The shear test is envisioned as \ . rem I
substantially identical to the compressioa - - - == = il
test, except that the shape of the speci- = -
men veuld be as showa in Figure 5. The backing acceleronetery
crossectional area of the specimen should
be such that the shearing stress across X bonded vire -
the section might ramge from 2000 to :
20,000 psi. For example, with aa incident —— | == g
peak stress of 10,000 psi and a square | ‘ I ‘
crossection for each bar of a = 2 inches, x ‘_1—1-1 L q N
the length of the common joint "§" weuld -T—
be 10 inches to produce a shear stress
of 2000 psi. The overhang of each bar section xx Figire 5

should be sufficiently long to prevent
reflections from disturbing the shear fracture. Tvo secelerometers vill

have to be mounted as shown, but stirain gages can be used only as a check
since the induced shear strain cannot be directly measured. The bonded
wire sheuld be placed in spraight lines across the common Joint.
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9/15A R Herbst
10/15A M Mills
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