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PREFACE

The study reported herein was suggested by the Army Mobility Research . %& '
Center Board of Consultants, and was authorized under Corps of Engineers ﬁ% ;
Subproject 8-70-05-400, Trafficability of Soils as Related to the Mobility ’% {4
of Military Vehicles. The study was planned and conducted by the Army
Mobility Research Center, Soils Division, Waterways Experiment Station.

The actual testing was done by personnel of the Soils Test Section, Erbanlk-
ment and Foundation Branch, Soils Division.

Mr. A. J. Green, Jr., directed the study under the general super-
vision of Messrs. W. J. Turnbull, C. R. Foster, and S. J. Knight, and pre-
pared this report. Mr. J. B. Green assisted in the analysis of the data.

Directors of the Waterways Experiment Station during the conduct of

this study and preparation of this report were Col. A. P. Rollinsg, Jr,, CE,
. 3
and Col. Edmund H. Iang, CE. Mr. J. B. Tiffeny was Technical Director. v
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W Squeeze Tests £
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e i i
8 = 1/2 specimen” height, 1in. g
: k. i o
& = 1/2 original thickness, in. E E iy
g |- i =
B = width of .specimen, in. 4 '{3_ i
] ¢ = shear strength, psi i i
' g
e = strain, per cent o 1 SRR
f L = 1/2 specimen length, in.
n_= lateral stress, psi i i
" n = normel stress, psi '5 i
P = load, 1b or kg i il
~  § = shear stress ]
x = distance along X-exis ' TR
X = horizontal axis f ;é .14
1
z = distance along Z-axis 3 23
] i
2 g
Z = vertical axis S
B = angle between a line tangent to the plane of maximum shear and the S5 I
verticel axis -2 % E
74 = 9xy density, 1b per cu ft : ‘;§
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Triaxiel Compression Test

Ty S i

.= initial cross-sectional area of test specimen, sq in.
e = strain, per cent

h'= height of specimen, in.

‘“:"E:;"ﬂ!“

d = digmeter of specimen, in.

s

n

L

P ','applied normal load, b

¢ = ghear strength, psi

»7d = dry density, 1b per cu f*

0 = us° - angle of shear

dl = major prinéipal stress = normal stress at Failure plus chamber
bressure, psi ' _

5 O, = intermediate principel siress, psi

03-5n minor principal stress, psi

- B -i;'fé.hgié_of internal friction, deg
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SUMMARY

S il

The Jurgenson squeeze test was studied to evaluate its possible use-
; fulness in vehicle-mobility research. The study included a& comparison of-
{ ;‘ the strength measurements obtained on two fat clays by means of the squeeze
| % test, the unconsolidated-undrained triaxial compression test, and the cone
penetration test. The average unconfined compression test shear strengths
of 15 soils, taken from another study, are included for comparative pur-
' poses only. The squeeze test was easy to perform and did not require ex-
‘ pensive equipment. Its results correlated well with the results of the
other strength tests including cone penetrometer measurements. Data com-
| piled in this study support the theory that the squeeze test determines
? the average strength of the soil, whereas the triaxisl test measures the
3
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strength along the weakest plane. It is concluded that the squeeze test

is suitable for initial inclusion in lsboratory vehicle-mocbility reseerch
programs. It is recommended the* additional tests be performed in order to .
! . provide more data for correlacion of squeeze test shear strength with cone i
! . index, and that the squeeze tust be incorporated in & contemplated ’
{ . laboratory-scale vehicle testing program as an ald to the eetablishment .
of soil-vehicle interrelations. ' -k
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T .. PIIOT STUDY TO EVALUATE THE SQUEEZE TEST FOR USE IN
" =~ . VEHICIE-MOBILITY RESEARCH

PART I: INTRODUCTION

1. In the field of vehicle-mobility research, wet, soft soils are of
maJor interest since they provide the greatest difficulty for off-the-road
5 traffic. Consequently, a test that will determine with reasonable accuracy

! ' ﬁﬁe everage strength and deformation characteristics of wet, soft soils is

needed in the vehicle-mobility research program.

‘2. The Jurgenson squeeze test was selected for investigation of its
suitability for this purpose because it will determine the average strength
,of soils so soft and wet that they flow under comparatively small loads.

“The iest_is based on a theory that appeers reasonable and valid, and recog-
ﬁiies the plesticity of the material. . Vehicles usually become 1mmdbile'
;only when the soil fiows from under them, causing them to sink considerably. j fi
'Compfessiéh;or consolidetion unaccompanied by piastic flow seldom results

in sinkage great enough to cause immobilizetion of a vehicle. Since the
>?atrength meaaured by the squeeze test may be applicable in theories of
vehicle-soil relations, the test appears to be particularly sultable for
uee in vehicle-mobility research.

st

“337 This report describes a preliminary study of the Jurgenson i
(a) familiarize personnel with the Jurgenson test,
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i PART II: 6SOILS TESTED AND TEST PROCEDURES j%‘i
} %) g
Soils ]
t ; 3
| =
; 5. The two solls tested in this study were fat clays, both classed f' 3
L a8 CH according tc the Unified Soil Classification System. One of the 3 j
. . o cleys was found near Mound, Louisiena, and the other near Vicksburg, 4 q
ﬁ i 0 Mississippi. Gradation and classification data for the two solls ere f i
: : J ghown in fig. 1. Fach soll was tested at moisture contents of approxi- ‘5 ]
221 T a !
{ mately 29, 31, and 35%. i
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]|| Sample Preparation .;
i i 4
6. A sufficient quantity of each soil to fill two molds 6 in. in ~ éA,j
diemeter and 9 in. high (including a 2-in. collar) was thoroughly mixed | % f
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&
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3

s :th_e. m-edetm'mined ‘Quantity of water to provide a set of two molds o
i éach so:ll at esx:h wvater content.

One of the molds of each set wvas used to
gnppiy test specimens for the squeeze test and triaxiel compression test;
the bthe.‘r mld vas ulea in the cone penetration test.

\

’73 Th'- sail in the molds was compacted by dropping & 5.5-1b hemmer
v!.th a a-m.-diam atr:!.king fece from a height of 12 in. on each of five
eg\nl lifts. e compacted coil specimen was approximately 8 in. high.
m aoila vith a moieture content of 29% were subjected to 22 blows of the
hemerper layer, those with a 31¢ moisture content were subjected to kO
'blom,_ and thode with a 35¢% moisture content, 45 blows. The number of
blom 'Gms variea :ln order to achieve three arbitrary levels of cone index:
130, “90,' and 50. Previous compaction data from a soil similar to those in
thia Meutigation gerved as & guide in selecting the mumber of blows.

Bdaueeze Test

' ﬂx@ esqueeze tes’h was devised by L. Jwrgenson, about 1934, to de-
"the average strength of the material end not its strength along
pil.e.m!-"2 The eq_uation for shear strength a8 usad in this test

?a .
2 EA
B (1 . 12 1.) :

at. the' ) eghming or the test when the plastic state has not yet been
‘V(ﬂee Appendix A for derive.t:lon of the eQua.tion.) Eowever, since

si ‘not of enough :anortance to negate its significance.
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Test.specimen
9. _In the preparetion of specimens of each soil at

tent for the squeeze test,
the soil was trimmed f£lush with the top of the cylinder.

extruded from the mold and a circular section 1
from the top. A rectengle gpproximately 4 in.
the 1-in.-thick circular section.
to the squeeze teste

Description of test
10. The squeeze test apparatus is shown in fig.

2.

is placed between Two rigid plates;
with a testing mechine and the specimen is compresse

The teeth in the upper and lower plates are of 0.2-mm B8pr

Q-mm spacing; they prp,ject 1.5 mm into the sample

A DR TR R T, P TSNS R i
2 i LR Grihd

each water con-

the 2-in. coller vas removed from the mold and

The soil wes then
in. thick was cut

by 3 in. was then cut from
This rectangular specimen wes oubjected

The test specimen

pressure is applied to the upper plate
4 between the plates.

ing bronze with &

in order to develop the
the failure plane deeper into

shear strength -of the meterial and to force

the soil. Av.erage duraetion of the squeeze test

in this study was less than

This short durstion was intended to elimirate the possibility

b minutes.
of the

of consolidation which would retard or eliminate the occurrence

Semple failure ig determined by the outward
(two sides are gealed). Deforma-
= at time intervals

~md
QUL

plastic stete in the
. flow on two opposite sides of the plates

tion is determined by measuring the specimen thicknes

throughout the test. Tn this study, 1oad-deformation relations were aseer-

teined by means of a ‘continuously recording mechaniem.

Triaxial .Co@@mgssion Test

The triexial compression test ig a conventional test in which the
It is performed on

¥nown and controllied.

11.

three principal stresses are
cylindrical specimens to determine stress-deformation and strength charac-

teristics of the soil when subjected to lateral pressure. The major prin-

cipal stress, 0Oy, is equel to the sum of the applied axial loed and chamber
, and the minor principel

The intermediate principal stress, 0,
the chamber

preBBureo
consié,ered to be identicel and are equal to

gtress, 0 are
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penetrometer
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Test specimen
12. After the soil to be used in the

squeeze test was removed from the mold, &
cylinder of soil ebout 6 in. high end 6 in. in
diameter remained. Three specimens approxi-
metely 3 in. high and 1.4 in. in dismeter were
removed from the top of this cylinder for hse
in the triexial test.

Description of test

‘ 13. The triexial test performed in this

study was the gtanderd unconsolidated-

undrained compression tesgt and is described in
reference 8. Chember pressures of 0.5, 1.5,
and 3.0 tons per sq ft (6.94, 20.83, and 41.67
psi, respectively) were used. Duretions of
the test ranged from T to 8 minutes.

Cone Penetration Test

14, The cone penetration test 18 an em=
pirica.l method of determining the strength of
a soil, which has been used successfully in
vehicle mobility and trafficability studies.
Before the test was begun, the collar was re-
moved from the remaining mold of ‘each soil at
each water content, and the soil was trimmed
flush with the cylinder. Five penetrations
were then mede in each mold with a cone pene-
trometer having a right circular 30-deg cone
with an end aree of 1/2 sq in. (see fig. 3)s
The resistence of the soil to penetration.of
the cone in & slow downward movement wes read
et the surface of the molded sample, and at
each inch of depth to I in. ‘The readings,
called cone inriex, were in pounds of force per
square inch of end area of the cone,
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'PABT III: DATA OBTAINED

Compaction Data

‘I‘a’ble l ehowm ‘the compac'hion data, wet and dry densities, and
jmcisture contents of each of the 12 molds prepared.

Wet density was de-

‘16. _ Pertinentﬁsq_ueeze ’cest data are shown in table 2.

\'NUM! POINT
20 Lo, £00 STRALM

WWA"W (L3

equeéﬁe test, -mold. 1=B, Mound
cle.y at 28 7% noisture content

Moisture con-.
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were measured in the.same manner as in the squeeze test. The load is shown
for incremental strains from zero to beyond the failure point. Since defi-
nite peak stresses were not'obtained, 20% strain®* was arbitrarily chosen as
the failure point. A typical recording of the load-deformastion chart is

shown in fig. 5. Note that each curve begins at its own origin rather than

aa
| | —
FAILURE POINT /
40 LB 0400 1IN,
Z0N STRAIM B
. MO ATURE L
CONTENT, _— =
80 27,8, ] : :::-‘___,..'-l!"

Ty=0.04 P31 —_— _.,-"""’-#

a0 — ] ’(" MOISTURE

= \ CONTENT,

20,15

/ = Ty=2003 Pal
7 A
" MOISTURE
COMTENT,
2o .0
~ﬂ"=ll.ﬂ1‘ P

HORMAL LOAD, LB

20
MOTE: EACH CUWYE BEGINS
AT 0 LD, 0N,
1o v
o i

0,10 "H--] |
DEFORMATION, IN.

Fig. 5. Typical recording of the load-deformation chart

at s common origin. The soil is the Vicksburg clay at moisture contents of
27.5, 28.1, and 28% for samples under chamber pressures of 6.94, 20.83,

and 41,67 psi, respectively. Mohr stress envelopes plotted for each series
of triaxial compression tests are shown in plate 1. The angle of internal
friction was not defined explicitly in each of these tests and the angles
shown in the plate, which range from 1.0° to 3530 were placed by eye to
best fit tﬁe tangents to the circles. The plots in plate 1 indicate that
the two clays, at these moisture cbntents, have practically zero angle of

5

# T, W. Lembe” suggests 15%; WES uses 20% in.most cases.
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-;mternal fric’c:lonn F'or this cese the shear strength, which could be
Table 3 shows the shear strength

£ ‘a.t each inch of depth to 4 in. is shown for each mold,
along v:lth :i.tg moisture content ‘and dens:l.ty, in table h,

udy ‘ ,The curve, a visual average of data from many

in-'thi Btudy were compa.red vrlth s.verages of cone index
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a PART IV: ANALYSIS OF DATA

¢

21. The%data were analyzed by comparing plots of stress ve strain
for the equeezg;teét and triexial test; plotting the triaxial test shear
streeces at faiiure ageinet compareble velues from the squeeze test; and
plotting she&r.sﬁfesaes at failure from the squeeze, trila:ial; and uncone-

fined compression teste egainst cone index.

Stress vs Strain

22. Shear stress-strain curves obtained from the squeeze test and
the triaxial test (using three chamber pressuces) on soil from the same
' mold are plotted in plates 2 and 3. Molds 1-B thoough 3-B (plate 2) con~
tained Mound cley; molds L4-B through 6-B (plate 3) contained Vicksburg
clay. Although the differencés in the two tests were recognized, 1t was
felt that the stress-strain relations from the tests would be of general
interest. For the drier soils (molds 1-B and L4-B), the squeeze test shows
’“\\nger shear strengths than the trisxial test below sbout 8% strain and
higher Btrengths above 1C% strain. ' The two types of curves are more simi-
lar to each other for the 1ntermediate1y wet soils (molds 2-B and 5-B),
and again the squeeze test strength is lower at low strains and higher at
high strains. When the soils are very wet (molds 3-B and 6-B), the two
t&pes of stress-strain curves are #ery similer throughout the entire strain
‘rauge with the squeeze test strength still slightly higher at the higher

trains.

Shear Stresses at Failure

"23. Plate It is a plot of sheer stresses at failure for the Mound and
Vicksburg solls determined by the squeeze test vs corresponding values as
determined by the triaxiasl test on the same scil at the same condiﬁion. :
Failure is assumed to have occurred at 20#% strein in all cases. A straight

" 1ine through the origin with a slope of 0.625 (drawn by eye) fits the
points fairly well. The equeiion for the mathematical straight line of

best £it for the points shown is 2 = 0.663x + 1.61; the correlatiqn4'”
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 costficlent 18 0.565, significant to the 1 Jeve‘l,"and' the standard errov
‘;mof estimate is 0.99: On the basie of the small amount of data obtained, it
Mh@npeara reasonable to conclude that the two curveéyéorrelate well with each
cther and tha.t shearing strength determined in the ‘triakial test is prob-
ehly from 66 to 82% of that determined by meens of the sqneeze test. The

higher values dbtainav from the squeeze test support the tneory that this

“,test determines tbe average strength whereag the triaxial test measuree the
: ’tf ngth along the weakest plane. There is 3dme. éligﬁt evidence that soil

7?1

.'.. Pl

Shearing Strength vg Cone Indﬂx

e "\ i 1

The average values

th proper dimensions, was used for the sqneeze test.

and h-ln~*depths were used in
The six

;of cone" indexes read at the 1-, 2-, 3-;
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the l% level; and the standard error of estimate is 0.774. The correlation

between tria:inl shear strength and cone index is slightly better than that
between squeeze test shear strength and cone index. However, a line drawn
by eye through the origin and the plotited points for both soils would be
very close to the computed line of best fit.

Unconfined, compréssion data

27. Cone index vs unconfined compressive strength is plotted in

plate 5 using the data tabulated in paragraph 20. A straight line, de¢ter-

mined by & linear regression enalysis of the data, fits well through all
the points. The equation of this line is 2 = 1.107% - 1.123.

Discunsion

28. Soils that have a cone index greater than 100 in the remolded

state are usually trafficeble for any military vehicle. In vehicle-

mobility research, therefore, the primary interest is in soils witﬁ lesser
strengths, and in contemplated laboratory,scaled vehicle testing, soils
having cone indexes below '10C will be of pfimary interest.

' 29. The squeeze test, though fairly easy to perform in a leboratory,
would ot be practicable as a trafficeblility test in the field where the
character of the soil may vary widely in a given test area and a large
pumber of ‘tests would be necessary to determine the average soil strength
of the area. Also, the squeeze test examines only one vertical inch of
‘soil per test, whereas éxamination of at least 6 in. of soil is necessary
in the field. To obtein this information with the squeeze test, it would
be necessary to test six samples, which is not considered practical.
Therefore, it 1s not likely that the squeeze test will supplant the cone
penetration test as a trafficabllity field test, since the cone penetrom-
eter is easy to use at any pertinent depth and provides a good, quick in-
dication of soil strength without the necessity of obtaining a sample.

30. The squeeze test appears to have promise for vehlcle-mobility

research in the laboratory. It is relatively easy to perform and does nct

require expensive equipment. It correlates fairly well with the triaxial
test and with cone index. Although the amount of deta obtained in this
study is probably too small to be conclusive, it appears that the squeezé
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PART V: CONCILUSIONS AND RECOMMENNDATIONS
Conclusions

34, Based upon the limited amount of testing performed in this study,
the following conclusions appeay warranced:

" 2. The squeeze test affords a relisble measurement of soil
strength and appears to be a sulteble test for use in
leboratory vehicle-mobility research.

4 ‘ b. Squeeze test values of shear strength at failure are
slightly higher. than corresponding triaxial compression test
values because the shear strength determined in the squeeze

, test is representative of the average strength of the sample,
i vhereas the triaxial test determines only the strength of
the weakest plane.

c. The correlation between squeeze test shear strength and cone
index was not significantly different from the correlation
between triaxial test shear strength or the unconfined com-

" pression test shear strength and cone index.

Recommendations

35. In view of the promising results obtained in this study, it is
recommended that tests be performed to provide additional desita for correla=-
tion of Bqueeze test uhear strength with cone index, and to investigate the
d=formation of soils under verious conditions. The tests should include:

» Use of soll types varying from low-plasticity 8ilts to
highly plastic clays.

A limited number of triaxial tests.

Use of a consistent speed of sheaf approximating that in-
duced by vehicles.

[

lo [¢

36." It is also recommended that the squeeze test be incorporated in
the contemplated laboratory scaled vehicle testing progrem, on the premise
that the squeezr test will afford an opportunity to relate vehicle perform-

ancé to strength-deformation characteristics of soils.

[l
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| ' Compaction Data S 1
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!_ - Blows Wet Dry Moisture -
g Mold Per ' Density Density Content . ]
5 No. layer | . Ib/cu ft lb[cu £t ﬁ i !
‘ Mound Clay L ‘g
1-A% - 107.6 83.6 28,7 5=
f 1-Bi¢ 22 107.3 83.h4 28.6 ? |
. ' .
DA% 1o 113.7 87.0 | 30.7 ‘ ;
2-Bitt ko 113.6 86.7 31.1 ' ;
3oA% bs 111.9 83.1 3.7 b !
3Bt hs 112.0 83.9 - 34.5 -
S Vicksburg Clay - g i
: 3
_:  hepw 20 " 109.5 85.6 28.1 ]
:. LBt 22 108.h 8.2 28,7 P
; e
| S A 10 115.6 8.5 30.7 .. S
| 5Bt 40 115.4 83.1 31.0 Lo
¢ {1
G-pi* L5 112.7 83.3 35.3 ; B
; . f Sk 14
! L i i
¥ {' :
i 7 ;
| :
*- : 19
: 4
§ g
1} E ) ;
|}
i\ 3
i :
1 i |
TH i
.
el e
Note: Weight of hammer:y 5.5 1b Hammer drop: 12 in. %
Diameter of hammer fsce: 2 in. , Kumber of lay-rs: S i i e
* Used for cone index measurementa. ! ; 1
#% Used for squeeze and triaxial test specimens. }‘ : .
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Table b4

Cone Index Dzte

Z i DeY. - ~Cone
i _Densif.y- Depth . In- Average Conz Index
C1bfeu £t _in., dex* Bfc & 1 in. 2 to b im. 1 to k in.
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SHEAR STRESS VS STRAIN
TRIAXIAL AND SQUEEZE TESTS
MOUND CLAY
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A2
B L
P= f : f n_dxdy
(6] =Y,
B +L
P -f f [2 (L = x) 4 _0_9_1
') () el . 2
from which
- 2
cBL an
and
| ¢ 2 = axn
i . 4 BL ( 4 T)
: vhere

¢ = shearing strength in terms of load per urit area.

As the thickness, 2a, changes during the test, the following form is
convenients .

Pa_ (L ~ e)
C = - .
BL (1 + Eﬂl_"__el) | .
vhers 5 ' i
2e.° = initial thickness, and

e = change in thiclkness divided by 2&0.
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