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Study on strength—deformation behavior of artificial
lightweight geomaterials with sand under monotonic and cyclic
loading conditions
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ABSTRACT

Residual settlement often appears in the soft foundation, which affects the road performance and
impact on the normal operation. One way to reduce the effects of residual settlement is reducing the
weight of the subbase course. Therefore, the objective of this study is to develop a new lightweight
subbase course material to replace the commonly used upper subbase course material. A series of
monotonic and cyclic triaxial tests were conducted to investigate the strength and deformation
characteristics of the materials.

1. Through the monotonic triaxial tests were conducted under the exhaust and drainage conditions
at a constant rate of 0.18 mm/min. The cyclic triaxial tests of specimens were conducted under 10,000
cycles of vertical loading at a frequency of 0.125 Hz, where the vertical stress was changed between
49.4+10 kPa in a sinusoidal wave.

2. Experimental research on the effects of cyclic loading on the strength and deformation under
three confining pressures (29.4, 49.0, and 68.6 kPa) of the specimen are analyzed by monotonic triaxial
test. The test results revealed that the maximum deviator stress gmax and initial Young's modulus Eo of
specimen increase with the increase of confining pressure. After cyclic loading, the strength and
stiffness of specimen becomes greater. It also increases cohesion and decreases friction angle in the
specimen.

3. Experimental research on the effects of moisture on the strength and deformation of the specimen
are analyzed by monotonic triaxial test. From the results of specimens studied with moisture and
without moisture, it was found that maximum deviator stress Qmax, the tangential Young’s modulus
Ewn and the initial Young's modulus Eo of the dry specimen were greater than the case of the wet
specimen.

4. The effects of moisture, confining pressure and number of cyclic loadings on the deformation
characteristics of specimen are analyzed. The results revealed that under three confining pressures
(29.4, 49.0, and 68.6 kPa), it was found that the confining pressure has a greater impact on the
equivalent Young's modulus Eeq of specimen. In addition, the moisture reduces the friction between
the particles and the skeleton structure becomes unstable. The equivalent young's modulus of dry
specimen is greater than the case in the wet specimen. The equivalent Young's modulus maintains
stable with number of loading cycles of the specimens, all specimens belong to range “A” in the
shakedown range boundaries. It was also found that the Poisson's ratio fluctuates with the increase of

loading cycles and the fluctuation range is within 0.05 under the same condition.
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