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Response of Non-Saturated Soil to Cyclic Loading

R. C. Chaney, Associate Professor
H. Y. Fang, Professor

Civil Engineering Department, Lehigh University, Bethlehem, Pennsylvania

SYNOPSIS The response of partially saturated and dry sand materials under cyclic loading is

controlled by the compressibility of the pore fluid.

.

volumctric strain occurs within 5
number of cycles of cyclic stress,

For dry sand the limiting axial and

to 15 cycles of load application and 1is a function of the
relative density,

and effective consolidation pressure. In

addition the axial strain is shown to be independent of the consolidation stress ratio for
loose sand and decrcases with increasing consolidation stress ratio for dense sand under a

constant cyclic stress.

INTRODUCTION

The responsc of partially saturated and dry soil
specimens under cyclic loading is different from
that exhibited by saturated specimens. The
difference is due to the high compressibility

of the pore fluid (water and/or gas) of non-
saturated soils as comparcd with fully

saturated soils in an undrained state.

LABORATORY PROGRAM

A scerics of cyclic triaxial tests were conducted
on saturated, partially saturated and dry sand
material. The cyclic loading was imposcd on the
specimens by a varying both the axial and later-
al stresses 180° out of phasce with cach other.
(Axial-Latcral Cyclic Triaxial Test). Test
results utilizing this experimental technique
have been shown to agree with the standard
cyclic triaxial test for saturated specimens

{Chancy, 1978). Tecst specimens were preparcd
from clean Monterey No. 20-30 sand at two rcla-
tive densities (Dr = 53.3% and 93.5%) using dry

vibratory mcthods.
lindrical in shapce with a diamcter of
and & heiloht of 87.6 mm.

RESULTS

Each test speccimen was cy-
35.6 mm

EXPERTMENTAL

Results from tests on dry sand will only be dis-—
cussed duce to space limitations (Chancy, 1978).
The behavior of saturated and partially saturated

sand swvecimens has been discussed previously by

Chancy (1978). The axial (. 7) and volumetric
strain (+y) of loosc sand (Dr = 53.3%) as a
function of the number of cycles (N) and constant

cyclic stress (”dp) is one of a readjustment of
particles in a few cycles (N = 5 - 15) to a den-
scor confiaquration as cvidensced by rcaching a
platecau of limiting strain. This behavior is in
aarcement with results presented by Pyke (1973).
The maximum (7 or ., obtainced at this platcau
docreases with incrceasing eoffective confining
pressurce (03g), and relative density (Dr) at a
constant ogg,. In contrast the limiting .y and
»v increcascs with increasing ogp at constant

03c and Dr. This samc behavior is also observed
for dense sand (Dr = 93.5%).

643

The effect of odp and the consolidation stress
ratio (Kc) on the limiting ] is shown in Fig. 1
for loose sand. A review of Fig. 1 shows that
for loose sand the limiting ¢] 1s independent of
Ke. In contrast for dense sand the limiting ¢
at a constant odp decreases with increasing Kc.
The limiting ., at a constant odp for both loose
and densc sand decrcases with increasing Kg.

CONCLUSIONS
(1)

The limiting .7 and ., cxperienced by sand
under a cyclic stress is a function of N,

adp, Dr, and .

(2) The limiting :3] and .,, occur within 5 to 15
cycles of load application.

(3) The limiting ¢j is independent of Kc for

loose sand and dependent on Kc for dense
sand under a constant cyclic stress (odp).
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Fig. 1 - Effect of K Ratio
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