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ABSTRACT

This report documents the results of a serics of static aznd dy-
namic uniaxisl strain tests conducted on a sawdust-sand mixture devei-
oped by Gulf Radiation Technology (GRT). The mixture was developed by
GRT in ar attempt to determine the response of tuff at extremely high
stress levels (megobar range) by laboratory testing a material at a
low-pressure range {0 to 70.vars). The purpose of the tests documented
in this report was to determine the uniaxial strain loading and unload-

ing response over the 0- to 70-har stress range.




PREFACE

The material property investigation described in this report was
performed for the Defense Nuclear Agency (DNA; zs part cf Subtask
SB209, "Propagation of Ground Shock Turough Earth Media." The sawdust-
sand mixtur-~ used for the testing program was furnishec to WES by
Dr. Howard Kratz of Gulf Radiation Technology (GRT): Dr. Kratz also
provided helpful comments and advice during the course of the study.

The investigation was conducted during the period April through
October 1971 by personnel of the Soils and Pavements Laboratory (S&PL),
. S. Army Engineer Waterways Experiment Station (WES). Mr. B. F.
Wright, Soil Dynamics Division (SDD), S&PL, performed the laboratory
tests under the direction of Mr. J. Q. Ehrgott, SDD., Messrs. Wright and
Fhrgott prepared this report.

The work was accomplished under the general supervision of Dr. J. G.
Jackson, Jr., and J. P. Sale, Chiefs of SDD and S&PL, respectively.

Director of the WES wze COL Ernest D. Peixotto, CE; Technical Di-

rector was Mr. F. R. Brown.
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1.1  PURPOSE
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| CHAPIER 1
Fra il - TNTRODUCTION
The Defense Nnclear Agency (DNA) requested that the Us S. Army
Englneer Waterways Experiment Statlon (WFS) determine the urdaxiagl
fﬁtrain respense of a special eawdust-sand mlxture developed by Gulf .
Badiatlon Tpchnology (GRT) Thzs mixture Had been aeveloped at GRT

it
&

*‘unde* a DNA céiﬁﬁact in an attempt to model the responsp of tuff at

extremely high stress levels (megabar range) in labcratory tests 8’ a F

i

The purpose of the WES study was to conduct controlled laboratory
tests on the sawdust~sand mixture to determine its uniaxial strain Joai-

ing and unloading response over the 0- to 70-bar stress range.

1.2 SCOPE
=/

Th1s report documents the results of 16 uniaxial strain tests con~
ducted on two batches of the sawdust-sand mixture. The test series in-
cluded six static tests (2 minutes to peak stress) and ten dynamic tests
(50 msec to peak stress). In addition, several additional static tests
were conducted on material in which the mixturé proportions were parg-

metrically varied.
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MATERIQL DESCBIPTION

The material, as descrlbed by GRT, is composed of redwood sawdust
and plaster sand combined at a ‘welght retio of 35.. h grams of slightly

‘molst sawduwt to 1,460 grams of slightly moist pldster sand. When
p;operly mlxed, The material can be placed into a contairer and 11ghtly

pzessed down by hand until a silight but definite resistance %o purther

movemcnt is detected. At Liwt point, accordlng to information furnished

to WES by GRT, ‘the density should be 0.8 gm./n "y which is the desired |
1n1t1al test ‘condition. b :

2.1 DESCRIPTION Of FIRST BATCH

WES received four bags of the materlal

each bag containing approx-
imately 1.8 kg of premixed material.

Water convent measurements of the
material were taken as the bags were opened and the average water con-

R N 1 SN RO

tert (w) of the mixturc was 1.9 percent. Although the contents of each

1
bag were thoroughly mized and portions of the mixture were carefully

placed into the uniaxial strain device sofl container according to the

warections furnished by GRT, the minimum density attainable was

(.85 gm/cms. IY was observed, however, that by removing smsll quan-

tities ol sand the density could be varied. Densitiesc as low as

4
0.69 gm/ch were attained by ' he removal of approximately 30 grams of

sand (out of & total specimen weight of 200 grams). The sawdusb-csand

weight ratic for this material was not determined, sinen there was no

apparent means of completely separating the premixed material.

~

2.2 DESCRIPIION CF SECCSD BATCH

GRT was contacted and advised of the dif
premixed meterial to the 0.8 gm/cm density.

ity in remolding the
Tt was decided that GRT

the sawdust and ot the sand in pre- \

would send WES separate bags of

welghed proportions.

WES received eight baogs, four of sawdust and four

.

ol osand,

<h wire then mixed into four scparste portions.

Water con-

hont measurements of vhe mixed portions wewre tuken Limediately, and the

IR VIR . | : . 3 hr - B < T T > J
e - o FE e -~ > - =
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: water content of the mixture was 3.2 percent. It was fbund that den—

sities of 0.8 gm/cm were easily obtained u51ng placement vrocedures
previously recommended by GRT.

2.3 COMPOSITION OF MIXTURE

The specimens molded from the mixture to a density of 0.8 gm/cm3
were combingtions ¢f solide, air, and watde. Four as swnptions hed e
be mede in order to determine the percent by volume that each component
occupled in the mixture. OSpecific volumes of alr voids have been found
to correlate well with certain aspects of UX s%ress-strain curves for
sands. Hence, it was desirable to determine if similar correlations
existed for this mixture. To do this, the volume of air voids had to
‘be obtained. This was done as follows:

1. First it was assumed that all the water present in the mixture
was in or on the sawdust particles.

2. Then the actual proportion, by volume, of sawdust in the mix-
ture could be calculated by assuming the sawdust consistad of solid
particles having a specific gravity (grain density) equal to the dry
bulk density of wood, which is the weight rf a dry wood chip divided
by the total volume of the dry chip.

3. Next it was assumed that the actual percentages cf solid wood ,
air, and water in a sawdust chip could be calculated szparately and then
proportioned t¢ thc percentage of sawdust in the total mixture.

L. The last assumption made was that handbook values of specific
gravity and tulk density for wood of L.56 and 0.42 gm/cmB, respectively,
also apply to redwood sawdust. The specific gravity of sand is taken
to be 2.65 gm/cm3‘

First, considering only the sawdust, if the average water content
of the mixture is 3.2 perceni, then based on the actual weight propor-
ticns of the mixture and “he assumption that all water is cortained in
the sawdust, the water content of the sawdust ic 20 percent. Jsing the
dry bulk density of & sawdust chip as the specific gravity of wood of

1456 gm/cm3 and the water content of 20 pevcent, then the calculated

10
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‘percentage voiumes of solids (V } water ‘V ), and air (V ) in the sav-

o 5 = 5 s+

B T

<3
L}

Pzt, uslng awight rﬂtio nf‘ to 5. Y, g dry ten sity of i‘r B gn}'cm -

»
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‘ot 26 9 percent woci, 8.h percent water, and 64.7 percent air; there-

‘fore, based on the same assumptions, the totul mixture is actually com-

‘}:olsed of the following:
sand volume = 25,5% ? |
wood volume = 8.09
water volume = 2.5%
air volume = 64%,0%
Because of the necessity of using the four assumptions to cbtain these
4 {; percentages, they represent approximate volumes. Nevertheless, they do 1
% irdicate that there is 2 relatively large volume of air in the mixture. 3
ij The mixture could undergo about 64 percent volumetric strain before all
% the air void: in the mixture are closed. The compressed density, or
§ locked density, at &4 percent volumetric strain would be approximately
g &.22 g,rn,/cm3, repressnting a density increese of epproxima’ely 2.7 times

3
ity

the initial density of 0.8 ;;m/cmz'.
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CHAFIER 3

RESPONSE OF MATERTAL AT INITIAL DENSITY e

1 TESTPI‘(I)EDURE B LA e B

The unlaxlal straln tests documenied in thzs report were conducted
in the WES 12 5-cmrdlameter, dynamic uniaxial strain test devzce, which
e operates in congunctlon with a 267-kilonewton—capac1ty dynamlc ram
'A.loader (Dynapak) Dboad from the ram lcader is applied to the test de-

: .v1ce through a plston ass embly, whlch loads & “luid over the top or a
;'specimen. {n turn, the flu;d tranam‘tc a unlfblripressure to the top

surface of tbe »pecimen. Transducers mounted 1n the test devzce moni—_

tcr=bcth axlal stress and spec1men top surface deflectton contlnuously

:‘;Ethroughout the’ test. The speczmen is restrained from radlal expansion { E
'j'by 8 r;gid steel boundary in the 3011 ‘container. The unlaxlal strain ' ¢ : ~%
device soil specimen container used for these tests was 2.54 em high :

fﬁhd 12.7 em in diameter. The specimen volume was approximately 321 cm3.

: The material, which was received from GRT in sep .cate preweighed
proportions, was thoroughly mixed. A portion was r .moved, weighed,
and then carefully placed in the soil contsiner. The material was
pressed lightly until it offered som: resistance to further compaction.
A sharp straightedge was then used to level the top surface, and care

- was teon not to further disturd the specimen. The excess materiel was

weighed, and density for the in-place specimen was then computed. Water
content measurements were alco made from the excess material.

The mixture had a tendency to segregate during placement, and
several preliminary tests were conducted in order to improve placement
techniques. Also, the specimen settled somewhat during the assembly
procedure. The probable cause of this settlement is explained as
follows. A disk attached to & rubber membrane that separates the fluid
chember from the specimen container is used to measure specimen deflece- \
tion on the top surface of the specimen., It is, therefore, necessary
for the disk to be properly seated on the specimen at the beginning of

the test. The vrocedure used to insure seating of the footing wes to

12
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apply a slight vacuum through t@o soil. conta1ner and partiallv evacuate
air that was trapped under thp membrans. It was durang the evacuation

Ti;procedure that the epecimen settled This settlement vas monltored
*1;treated as an increase in inltlal test densif,, and is reflected in the
: data presented. However, one static test wus conducted in which the

';ff evacuatlon procedure ‘was not uqed to provide a check on the tést re~

ts obtained from specimens that were evacvated. No dlfférences-weré_

Fu'obuerved that were greater than the data scatter in the Xests started

_from.the gartia*ly evacuated rond,tlon. A

3 2 TE%T PFOGRAM

- Five tests, two static arnd three dynamlc. were conducted on the:
second batch of material received from GRT The test spealmens pre-

: pared from that batoh were place& into the 5011 contalner at- an avers -

~ density of 0.8 gm/cm As mentloned previously, settlement of the

upe01meng was noted durlng the as saMbly pn:cedurv due £o the evacuation
techniaue used. Therefore, tiue actual average initial test density was
0.84 gm/cm3. However, one of the static tests, GRT-16, was conducted
without evacuating the air trapped under the membrane and ite initial
density was 0.81 gm/cm3. The initial dénsity, specimen settlement dur-
ing chasber cvacusticn, tect density, water content, and dry denusity
for cach of the five tests are listed in Table 3.1.

-~

STATIC TEST RESULTS 5

[
(¥ 3]

Two static tests (2 minutes to pesk stress) were conducted, and the
test results are shown in Figure 3.1 as o plot of axiel stress versus
axial strain. Both specimens were loaded to approximately 56 bars end
then unloaded. The results indicate that the stiffness of the material
increases with increasing stress, i.e., there is a conbinuing stiffen-
ing up to an axial stress of 5% bars. The unloading response of the
materizl appears to be extremely stiff when compared with the loading
response. At very low pressures during the wnlcoading, the test data
irsticate significent strain recovery of the meterial. It should be

noted that the rubber membrance over the specimezn was stretched due Lo

Fer i ML%“-‘M'
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the greétgammunt of deformation and it is likely that during unloading

at low pressures the membrane could 1lift off the specimen surface.
éince the axial deflection mehsuremenb é&étem is attached’throuéh the
membrane, the data could be in crror in a dlrectlon that wouldd indice+~
more recovery than that which actually occurred in the material

- The two statlcally teosted upeczmens (Figure 3. 1) had sllghtly dif-
férent densities. HOWever, the deuser specimen, GRT—12 compressed

- more during loadlng than the 1ower den31ty specimen, GRT-16. It is

thought that some small bpeclmen preparation variation occurred and that
the rraults of tbe two test§’ can be averaged to produce a typical re-
sponoe for comparative purpoqes. The dashed c¢urve shown in Figure 3.1

. §

sgch an averagc.j
3.& DYNAMIC TEST RESULTS
Fiécre 3.2 is a comparative plot c¢f the results of the three dynamic

vests. In addition to axial stress-axial strain curves for these tests,

applied axial stress versus time curves are alco shown. The densities

“coft these spoeime "s-’GRT-13, -1, and -15) varied from 0.83 to 0.85 gm/cm

A e R o RS S T 2 8 - R e et LR
B

Results of twe of the tests, GRT-1k4 and -13, generally agree, but
Specimen GRT-13 appeas2d stiffér than the other two, i.e., it had less
strain at any given stress., The time to neak stress for Tests GRT-1k
and ~15 was approximately 50 msec. Test GRT=13 hed a faster loading
rate time to peak stress (10 msec) and a hold time of 60 msec.

Using an exial stress of 3.5 bars as a reference, Specimen GRP-13
has an indicated axial strain of 23,6 percent, while Specimens GRT-14
and -15 indicate axial strains of 28.4 and 29.1 perecent, respectively, at
the same axial strest level. Cince Specimen GRT-15 hul approcimately
the same time to reach the reference stress level as did Specimen GRT-13,
it is not believed that loading rate could explain the different re-
sulte for Tests GRP-13, -1k, and ~15. The difference may have been
caused by placement and/or some possible difference in the gradation
of the sand particles of Specimen GRT-13. Another possible explanation
is that the sawdust in Specimen GRT-13 wight have been taken frum pre-

viously tested material rather than from the fresh batch and, therefore,

)
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may have been nrev1ously comnr ssed. Var’dtlons in sawdust, such as
=bemg nrevxouyly loaded and corn pre%seﬁ m;Lht cause a mixture bontal

?1nb such sawdust to- compreqs 1ess than 2, wlxture contalvxng fresh or

repreéentative of the mater1a1 st uhl“ dpnhlty.ﬂ ﬂherefore, tevt results

_ah1ch is shown 1n Flgure.z;a aS a dashed curve. Test GRT=~ 15 ﬁas con—J

oted Lo a rlgher axxal ¢tress hmvel in an aftempt to see 1f the re-

results indicate a contlnuourgy stiffcnd ng qurve up to the»97+bar“

imum etress level achieved. The,unloaa;gg,characteristics*remain

Jib~ 1cally the same as those-observgd at lower stress levels.

'°3.5 COMPARISON OF STATIC AND DYNAMIC TEST RESULTS

The two average curves of axial stress versus axial strdin from
the static and dypamic trqté are shiem in Figure 3.3. The rusulbs
1na1cate that the material tends to be somewhat sensitive to loading
rate ay‘an average density cof 0.83 gm/cmf. Fipure 3.2 indicates a dy-
namic to static axial stress ratic of 1.34 it 8 percent axial strain
and 1.h at 16 percent axial strain. At higher strain levels, the ratic

is approximaetely 1.2. The unloading moduli do not appear to be in-

fluenced by any loading ote effects.

9
s
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und sturbed sawdust. Tt 1§5not belmeved that %pec1men GRT~13 was truly {.

or th1° opeclmen were not used 1n the. Pomputatlon of the average curve;*

ponse characterlstlcs of +he materlal di ?fered at h1v19r stress. levels.
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) '-"'.TABL'E)_'_ 3.1 COMPOSITION PROFERTIES OF THE MIXTURE TESTED ‘AT 0.8 gm/cm3

o

Type . Initial Volumetric Calculated

Test . Density

Due to

- Specimen

Settlement

Water -
Strain . = - Test Density = Content : Density

Dry

© GRI-13

. GRT-14
 GRE-15

- GRT-16

| ';_'@/;;3'

Stgfic - . G.80
ﬁ&ﬁaﬁic "~ 0.80
?ynamic : o.éo
_-rbynamic | 0.79
Static 081

. percent gwfem>

0.8k

|

5.1 0.85

5.4 0.83

o - 0.81

'péfcéht : gm/cmsc

3.8
5.8
Y

3.9

3.2

0.81
'0.82
0.83
0.80

0.78
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._AV'EGAGE\.
sol— CALCULATED GRT-16 fet— ~ GRT-12
TEST  TEST DENSITY
gm/cm?
GRT-12 0.84

“ GRT-6 0.81
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Flgure 3.1 Static uniexial strain test results
(second batch materials),
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AXIAL STRAIN, ¢_, «

Figure 2.2 Dynamic uniaxial strain test results
(second batch materials).
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Figure 3,3 Comparison of average static and dynamic uniexia.
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E.B

EFFECT OF VARIATION IN MIX PROPORPIONS

8F As ndght be expected, the me.terial segregate-d readily during han- -
:fd] ing‘a.nd pla.cement. When the desired nixed que.ntity was poured into a

'ba.tner, the sand would generally sepe.rate from the sawdust result:s.ng 3
"é.pparen‘b low mixtnre density at the top of the container (due to
8 sand.) a.nd & higher mixture density ai the bottom (dne to the ad-’

.*:.cm,sag~ sa.nd) It wes the'refore believed that additional tests should
& COnducted on the materlal with slight varla.tions in mix proportlcns

Lestabllsh some bounds on the response. chamcteristics.

. TEST. PROGRAM
The first batch of material received by WES wes used for this

study. A bag of the material was thoroughly mixed and separated into
saveral portions. The portions were then thoroughly mixed prior to

pracement in the soil container. The placement of the material and i

a;sembly of the uniaxial test device have been described in Chapter 3. ; z
T.e conmaction effort was held constant and density was varied by adding ; |

r

o* removing only a slight amount of sand. The maximum amount removed
w:s approximately 30 grams. 1

Eleven uniaxial strain tests were conducted on the material, with 5
idtial test densities rangang from 0.64 to 0.90 g;ﬂ/mnj The tests
consisted of four static tests (2 minutes 4o pesk stress) and seven dy=-
namic tests (50 msec to peek stress). Table k.l presents a list of all
the tests and the densities obtained for each iLest.

Since the weight of sawdust was held constant and the amount of
sand was varied, the percent by volume of the various components also
varied and cowld also be calculated as was done in Chapter 2. For
densities of 0.7 and 0.9 gm/cmB, the volumes of sand, wood, water, and i

gir were:

20
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Component Volume fcr  Volume for

O.7-gm/cm3 O.9—gm/cm$
mixture mixture

o

pct pct

. Band _- 21.7

Wood . . g,
Water 2.
Air”. £ 67

If, however, the weight proportions had reen- held as specified by GRT
for the biven densitles the volumes would have been:

Component Volume for Volume for -

O.7-gm/ém3 O.9-gm/cm3

nixture mixture
peh pet
“ Sand 22.3 28.7
Wood 7.0 9.0
Water 2.2 2.8
Air 68.5 59.5

As can be seen from the tabulations above, slight differences in the

volume percenteges result from alteration of the mix proporticns.

4.2 STATIC TEST RESULTS

Figure 4.1 shows & comparison of the results of the four static

uniaxial strain tests. The membrane in the uniaxisl test device broke

~during the loading portion of Tcst GRT-1l, and the test was terminated

at that point. Test GRT-2 was conducted on a specimen of approximately
the same density as Specimen GRT-1 in an attempt to substantiate the
results of the loading portion c¢f GRT-1 and algo to check the unloading
characteristics at this density. This was accomplished by adding a
small quantity of sand tc an "as is" portion of tle premixed material.
There was good agreement between the results ¢f the two tests.
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Using an axial stress of 3k, 5 bars a8 & reference, ‘the results in-
dicate axial strains of 24.1 and 2h.2 percent for Tests GRT-1 and -2,
2 rnapectively Both tests had a calculated test density of 0.92 gm/cm :
1fﬂsing an exial stress of 3& 5 bars as a reference, these tests indicate
; pproximately 22 percent leas strain than that of the average static’

rve for ﬁ%sts on samples w1th densities of 0.81 and 0.84 gm/cm

:?wj Lest GRT-9 was condurted to- investigate the response of the mate-'
rial at +be estimated lower bound of variatlon in mix proportions This
was accomplished by the random removal of & ;leght amount of sand from
an Yas recelved" portion.- Specimen GRT—9 had a .calculated test den51ty
-of 0 76 gm/cm it en,axzel stress reference of 5l.5 bars, axiul strain

'*of 33.1 percent was recorded. Using the average curve from Figure 3.1
and the same stress reference, result» of Test GRT-9 indicate approxi-
mately 7 pgérent greater strain than thet of the average curve. '

Test GRT-10 was conducted using s portion of the premixed material
"as received" from GRT, and the results indicate an axisl strain of
29.2 percent for a stress of 34.5 bars. Using the average curve from
Figure 3.1 again, Test GRT-10 has spproximately 6 percent less strain.
S7eclimen GRT-10 had a calculated test density of 0.91 gm/cma.

4.3 DYNAMIC TEST RESULTS

Figure 4.2 is a comparative tlot of stress-strain curves for the
seven dynamic uniaxial strain tests showing the effect of varistions
in mix proportions. The average rise time to pesk gtress for these
tests was 50 msec. OSpecimen GRT-3 had a calculated test density of
0.89 gm/bm3 and an axial strain of 27.6 percent at an axial stress of
34,5 bars. Specimen GRT-L had a calculated density of 0.92 gm/me and
an #xial strain of 24,3 percent at a stress of 34,5 bars. Specimen
GRT-6 had a calculated density of 0.69 gm/om> and an axial strain of
30.6 percent at the 39.5-bar stress level. Specimen GRT-7 had a calcu-
lated density of .70 gm/bm3 ard an axial steais of .1 pereent. Oyect-
men GRT- had a calculated density of 0.77 gm/bm and an axial strxln of

23 percent, Specimen GRT-11 had a calculated deusity of 0.91 gm/bm end
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" an axial strein of 25.5 percent at the 3h.5-bar axial stress level.

E b, i COMPARISON OF STATIC AND DYNAMIC TEST RESULTS |

A comparison was made of the results of the. static .and dynamic

Etests to determine if the same rate effects existed as in 'the first

',-test series. Figure L, 3 is a plot of the results of dynamic Test GRT-8

&nd staulc Test GRT-9, which were condncted on specimeis of approxi—

;nwtely the same initial density (0,76 gm/%mS) The comparwqon plot in-

;’dicates a dynamic to static stress ratio as high as 1.8, Eigurelh.h
7 presents a comparison of the results of the statie and dynamic tests
" conducted on the specimens that all hed en approximate den,lty of _—
T'O .91 gm/bm . Tests GRT-k and GRT-11 were dynamic, and Tes.s GRT-2 and

'GRT-lO were Stdtlcfﬁ=R6§u1tS of the two dynawmic tests.agxee favorably

with each other, but those for the two static tests sre considerably

t

‘different. T+ is believed that a positive conclusion regarding the

rate effects on these specimens canmnot be made with the available data.

L.5 COMPA?ISON WITH THE RESULTS OF THE FIRST TEST SERIES

The results of‘both the static and dynemic tests tend to suggest
the same general trénd as was observed with the first test series; the '
stress-strain curve for the material stiffened as axial stress increased.
The unloading characteristics were approximately the same for all den-
éities. In each case, a very stiff unloading curve was observed, with
the greatest portion of the strain recovery occurring at low stresses.
The effect of increasing the percentage of sawdust in the mixture was
to increase the amount of strain during loading at the stress levels
studied. The effect of more sand in the mixture was to decrease the
amount of strain. There was some scatter in all the test results, but
scatter was more prevalent in the tests on the specimens with variations
in mix proportions. It should be noted, however, that the test results
from the second series (in which =iv nroportions were varied) indicate
trends only and were never intended to be quantitive results since the
mix proportions were varied from those spacificd by GRT.

Since for . <h test the change in specimen height was measured, it
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was possible to calculate specimen density at each increment of applied
© stresc. Figures 4.5 and 4.6 show the results of {Sach test plotted as

”axia.l stres:; versus density. ‘Based on the previously presented caleu~’
;’ir»lation of percert air volume, the lowest densities at which the air

uld. be totally compressed would be as follows:

Dens 'ty

-

Initial Minimum Locked

gm/cm gn/cm
) 7t 2.17
0.8 E 2.22
0.9 / 2.26

Tae_results in Figures 4.5 and 4.6 tend to indicate that relatively
high stress levels (i.e. >1h0 bars) would be required to obtain the
calculated locked densities. However, the slopes of the curves do, in
gereral, show little effect of inltial test density at tae stress
levels investigated. This is reasonable considering the great amcunt
of density change -equired to cause lockup. Also, 17 the sawdust iil
some of the mixtures il been previously compressed, the air content

4 would alsc have been less, resulting in a lower lockup density than

that calcuiated.
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DENS_ITIES

'PAEI.E ka CQ&POSITION PROFERTIES OF THE MIXTURE TESTED AT VARIOUS

Due to
Specimen

[ Test - Type  Initial Volumetric Calculated Water
. Number Test Densivy Strain Test Density Content

Dry
Density

Settl'em'ent

EJ"/‘WB ﬁer@‘enﬁ‘ e
o 3
Coles v
0.3 3.5

0.9 3

Dynamic 0.4 6.5
Dynanic 0.65 6.3 0.70
Dynamic 0.73 5.6 0.77
Static 0.7 6 0.76
Static 0.88 8- 0.91
Dynamic 0.88 3.5 0.91
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CALCULATED -

TEST ~ TEST DENSITY ; i
: gm/cm® GRT-10 :
GRT-1 0.92 )

GRT-2 . 092 :

GRT-9 0.76 :

GRT-10 0.91

16 24 32 40
AXIAL STRAIN, €, %
Figure 4.1 Static uniaxisl strain test results
(first batch materials).
E §
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TYPICAL PULSE FOR
SEVEN TESTS.

30

o, , BARS

|
o . 100 260

TIME, MSEC

CALCULATED

TEST TEST DENSITY .
o l.- : . -
: gn/cm _a— GRT-11
SO GRT-3 0.89 _ ’
GRT-4 0.92
GRT-5 0.93
GRT-6 0.68 it
sy » GRT-7 0.70 GRT-8

GRT-11 0.91 GRT-5 /

st~ GRT-7

AXIAL STRESS, 0, , BARS
& 8
I

t—  [UNLOADING . RELOADING)
NOT SHOWN

) 8 16 24 32 40
AXiAL STRAIN, €, %

Figure 4.2 Dynemic uniaxial strain test results
(first vatch materials)
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TEST TYPE__ DENSITY

_ gn/em® .
GRT-8 DYNAMIC 0.77
50 GRT-9 STATIC = 0.76

:‘“ﬂ.éz

1.

faf

GRT-#

S T B A T R Rk

foake o

AXIAL STRESS, O, , BARS -

e A

L
8

16 24 32 40

AXiAL STRAIN, € %

Figure 4.3 Comparison of results of dynamic Test GRT-8 and
static Test GRT-9.
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AXIAL STRESS, &,, BARS
8

DENSITY

TEST TYPE
gm/cm?
GRT-2  STATIC 0.92 - '
50 }— GRT-&  DYNAMIC 092 « SRT-1I
GRT-10 STATIC 0.91
DYNAMIC 0.91

8

[.]
(=]

10

GRT-11

_o— GRT-10

R S Rk o P e
A 3

16

24 32 40

AXIAL STRAIN, €_, %

Figure h.4 Comparison of results of static and dynamic uniaxial
strain tests of Specimens GRT-2, -k, -10, and -11.
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'CHAPTER 5

SUMMARY

Sixteen uniaxial strain tests were conducted on two. batches of
material received from GRT. Static (2 minutes to peak stress) and dy-

namic (approximately 50 msec to peak stress) loadlngs were applled, with
- peak axial stress levels ranging from 34.5 to 97 bars. The test re-
 sults showed some experimental variations. This is thought to be, at

1east'in large part, due to inevitable variations in the mixture occur-

.fring duringlplacement of the specimens. The material segregated during
3 _.hahdling and placement, and this required that special care be taken in
: specimen preparation.. '

it 1is believed that the first batch of material received by WES

rrwas not of the correct sawdust to sand ratio 51nce the density specified
by GRT (0.8 gm/bm3) was unattainable. The material was used, however,

to indicate the effect of mix variation since the density of the mixture
could be easily varied by addlng or removing small quantities of sand.
Densities from 0.64 to 0.9 gm/cm vere attained in this menner. The
general effect of the variation on the uniaxial strain test response
was to decrease the amount of axial strain, at a given stress level dur-
ing loading, as the amount of sand in the mix was increased. Little
difference in the unioading moduli was noted.

The second batch of the material was of the correct mix proportions.
The test results indicated a continually stiffening loading stress-
strain curve and a stiff unloading stress-strain curve with very little
rebound of the material except at low stress levels (i.e., 1.4 bars).
This material did appear to have some rate-of-loading effects. Dynamic
to static axial stress ratios ranging from 1.34 to 1.4 for strain levels
ranging from 8 to 16 percent were noted. At higher strain levels, the
ratio was approximstely 1.2.
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