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Anisotropic Deformation and Strength Properties of Wet-Tamped Sand
in Plane Strain Compression at Low Pressures (Part II)
—Deformation Characteristics at Extremely Small Strain Level—
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1. INTRODUCTION

The response analyses of soil structures subjected
to monotonic and cyclic loadings demand a proper
evaluation of the soil stiffness. However, unlike the
anisotropy of strength, that of the stiffness at small
strain levels is almost unknown. In the present study,
the stiffness of wet-tamped loose Onahama sand was
investigated for a wide strain range from 107¢ to 1072.
From the test results, a degree of anisotropy of the
stiffness was found.

2. SMALL STRAIN MEASUREMENT

A pair of four-gauge type “local deformation trans-
ducer” (LDT) shown in Fig. 1 was used to measure
local axial deformation of plane strain specimen. The
overall resolution of the LDT is £0.6xm or £0.06
um depending on the different degrees of amplifica-
tion of the strain amplifier, which equaled axial
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Fig. 1 Local deformtion transducer (LDT) used in
this study
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strains of 7X107% and 7X 1077, respectively. A more
detailed description of this instrument is given
elsewhere~?.

3. TEST RESULTS

3.1 Stress-Strain Relations at Small Strains

Figs. 2 and 3 show the typical relationships between
the deviator stress q and the axial strain & for
different angles & at local axial strains less than 5X
107% (0.005%) at o;=0.2 and 0.4kgf/cm?, respective-
ly (see also Figs.4 (b) and (¢) of Dong et al.?). It
may be seen that the initial relations are virtually
linear at axial strains less than about 1X107%, irre-
spective of the different angles &. In this study, the
slope in this region is defined as the initial Young’s
modulus, Epax. Fig. 3 (b) shows the result of a test in
which a small cycle of unloading and reloading with
a double amplitude axial strain of about 0.0039% was
applied. It may be seen that the behavior during the
cyclic loading is rather elastic and further, the peak
-to-peak stiffness E',.x for the cycle is very similar to
the initial stiffness Enax defined for the very begin-
ning of virgin loading. This means that E,.x as shown
in Figs. 2 and 3 can be considered as the elastic
moduli as obtained from dynamic tests.

Despite some degree of scatter in water content and
void ratio among the specimens shown in Figs. 2 and
3, it may be seen that E,.x is clearly a function of
angle ¢. Fig. 4 shows the stress-strain relations at
axial strains less than 1072 (0.19%) for those shown in
Fig. 2. It may be seen that the stress-strain curves for
axial strains greater than 0.01~0.029 are also a
function of ¢ as Enax. As has already been shown in
the previous papers®®, for both wet-tamped Ona-
hama sand and air-pluviated silver Leighton Buzzard
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sand, the peak strength from similar PSC tests was or both.

considerably anisotropic. However, the initial stiff- On the other hand, Stokoe et al”. has shown that
ness Enax of air-pluviated silver Leighton Buzzard the initial shear modulus of air-pluviated sand mea-
sand was found rather isotropic for &=0~90 sured by a seismic method in a large cubic specimen
degrees®. It seems therefore that the degree of the was found not isotropic. Namely, the shear modulus
anisotropy of the initial stiffness depends on the Gyu obtained by applying dynamic shear stresses
method of specimen preparation or the type of sand A7znax In the vertical direction on vertical planes and
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in the horizontal direction on horizontal planes was
about 20% smaller than Guy obtained by applying
Azmax In the orthogonal horizontal directions on verti-
cal planes. The shear modulus at ¢=45 degrees
obtained in the present study corresponds to the
smaller one, Gyuy. A further study will be needed to
obtain a general framework for this point.
3.2 Empirical Equations of Initial Stiffness
Before clarifying the effect of ¢ on E.y, the depen-
dency of Enax on void ratio eq.s, confining pressure o3
and water content w was first examined. Based on the
previous study®, it was assumed that the effect of eo.os
and o3 on Enax at §=90° can be evaluated using the
followig equation;

(2 . 17—80,05) 2

Eonax (6=90°) =A{ e

. o‘;’“+a,w+azwz}
(1)
where Epax and o3 are in kgf/cm?, w is in percent.
The term for the effect of w in Eq. 1is in the same
form with that for the cohesion intercept ¢ (see Eq. 4
of Dong et al.®). The coefficients A, m, a, and a,
were determined by using the nonlinear least square
method as used for determining the empirical equa-
tions for the strength® by using twenty three sets of
measured data. These values thus determined are A=
3462.71, m=0.69, a,=4.33%10"* (kgf/cm? and a,=
5.30%107° (kgf/cm?) .
Then, the effect of ¢ on En.x was assumed to be
expressed by the following uncoupled equation:
Ennax (6) =Enax (6=90°) Xg(4) (2)
For each data at ¢+90°, the value of g (8) was
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Fig. 4 Relationships between q and e, for different
d atlocal axial strains less than 0.1% at oz =
0.2kgf/cm? (see Fig. 2)

obtained by dividing the measure value of Eyax (8) by

the value of Epa.x (§=90°) obtained by substituting

the measured values of ey05, 05 and w into Eq. (1).

Fig. 5 shows the relationship between g (4) and &.

The averaged curve was obtained by the least square

method under the following conditions:

(a) Two different cubic relations are fitted, separat-

ed at 6=30".

(b) The slope at ¢=0" and 90° is zero.

These conditions are similar to those used for the

function f(¢) which defines the strength anisotropy

(see Fig. 5 of Dong et al®). The averaged relation

thus obtained is;

g(8) =1.0—7.51X10"5(6—90%)2—3.93
X1077(6—90)° B0r=6=<907) (3)
g (8)=0.875+6.36X10"562—4.33X10-%5*
0°=6<307)

The function g(é) greatly depends on &, despite some

degree of scatter in the data points. g(8) has a

minimum point at ¢=30° .

Figs. 6(2) and (b) show the correlation between
the measured values of Enax and the ones obtained by
using Egs. (1) and (2) for 6=90° and &=0"~90°
respectively. It may be seen that Egs. (1) and (2) fit
the measured data very well.

The general tendency of g(8) was found very simi-
lar to £(8) . It means that the other parameters being
the same, the ratio Epax/0mex is rather independent of
€05 and ¢. This point may be seen from Fig. 7.
Namely for a constant o3,this ratio is rather indepen-
dent of €05 and & and w, but it is a distinct function
of o3. From the structures of f(¢) and g(s) deter-
mined, the ratio Epax/qmex is a complicated function
of o5. As seen from Fig. 7, for the first approxima-
tion, the ratio Eumax/Qmax is of the order of 1200 to
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Fig. 5 Relationship between g (8) and ¢
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or for a better approximation, Ey.x is propor-

4 . CONCLUSIONS

Based on the experimental results, the following
conclusions can be drawn.
(a) For wet-tamped loose Onahama sand, the initial
stiffness Enax defined for a range of axial strain less
than 10~ was anisotropic.
(b) The anisotropy of Enax and the peak principal
stress ratio Ryax was similar. The ratio Eqax/Qmex Was
rather independent of the void ratio and water con-
tent and was slightly a function of os.

(Manuscript received, August 16, 1990)

REFERENCES

1) Goto, S. (1986):"Strength and deformation charac-
teristics of granular materials in triaxial test,”
Doctor Thesis, Univ. of Tokyo.

2) Abe, F.(1989) : *“Deformation characteristics of
sand in plane strain compression at small strain
level,” Master Thesis, Univ.
Japanese).

3) Goto, S., Tatsuoka, F., Shibuya, S. and Sato, T.
(1990): “A simple gauge for local strain measure-
ments in laboratory,” Soils and Foundations, to be
published.

4) Tatsuoka, F., Goto, S., Shibuya, S., Sato, T. and
Kong, X.J. (1990): “Deformation Characteristics of
Gravels at Small Strain Levels I, SEISAN-KEN-
KYU, Vol. 41 No. 10, pp. 48-51.

5 Dong, J., Tatsuoka, F., Tamura, C. and Sato, T.
(1990): “Anisotropic Deformation and Strength
Properties of Wet-Tamped Sand in Plane Strain at
Low Pressures (Part I),” SEISAN-KENKYU, Vol.

of Tokyo (in

6)

7

8)

2500 T T T T T T T
Onahama Sand, Wet-Tamped
I 0,=0.05~0.5kgf/cm’ 1
< ©005=0.747~0.884
£ | Soos 1 B
° 2000 W=1.46~4.15% 1
- —n%~an®
ex:g;) | 0=0°~90 4
3 Q [}
uj 1500} M) (degree)
o A « 90
g B o 80 ]
@1 ° 45
g 1eoor s+ 30
2 I - 15
+ 0
L L . ) | L L
500 1000 1500 2000 2500
Calculated Emay (kgf/cm®)
(b) for different &
] I S B N T
40 Onahama Sand, Wet-Tamped |
™ 0,=0.1~0.5kgf/cm’ CE, ~ g0

€,0s=0.747~0.884
30 w=1.46~4.15%

20t Emes ~ Qs —

Initial Young's Modulus, E,,,.x 100 (kgf/cm?)

10 -
L -
Ny .
I~ o,=0.1 s 18
— A 0 -
5 L1 |
03 0.5 1 2 3

Croox=(0 1= 3)mg (kg/CM?)

Fig. 7 Relationship between Enax and q mex

42 No. 11, pp. 33-36.

Park C-S., Tatsuoka, F. and Shibuya, S. (1990):
“Anisotropy in Strength and Deformation of Dense
Silver Leighton Buzzard Sand in Plane Strain Com-
pression,” SEISAN-KENKYU, Vol. 42 No. 10, pp.
16-19.

Stokoe, K.H,II, Lee, S, H. H,, and Knox, D. P.
(1985): Shear moduli measurements under true
triaxial stresses, Advances in the Art of Testing
Soils Under Cyclic Conditions, ASCE, pp. 166-185.

Iwasaki, T., Tatsuoka, F. and Takagi, Y. (1978)
“Shear moduli of sands under cyclic torsional shear
loading,” Soils and Foundations, Vol. 18,No. 1, pp
39-56

Ty e i i a i nnnm

18





