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Dynamic properties and liquefaction mechanism of fused
quartz sand based on bidirectional cyclic triaxial tests
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(1. Chongqing Expressway Group Co., Ltd, Chongqing 401121, P. R. China; 2.School of Civil Engineering; Key
Laboratory of New Technology for Construction of Cities in Mountain Area, Ministry of Education, Chongqing

University, Chongqing 400045, P. R. China)

Abstract: Transparent soil physical modeling utilizes optically transparent materials to simulate natural soils
and, combined with optical imaging and image-processing techniques, enables nondestructive and full-field
visualization of soil deformation and seepage processes. This technique has become an important approach for
investigating the interaction between underground structures and geomaterials as well as their failure

mechanisms. The reliability of transparent soil modeling highly depends on the similarity of mechanical

Y %5 H #7:2025-08-01
EEWH :[HK A KP#HE4(52278330,52027812)
YEE B A UM (1982- ), 55, IE i T RR I, 3222 S o il 20 % W 5%, E-mail : huxuhui@cege.com.cn.
JAMLCEAEVER) 50, o, 1 42 S0, E-mail :2h4412517@163.com.
Received: 2025-08-01
Foundation items: National Natural Science Foundation of China (Nos. 52278330, 52027812)
Author brief: HU Xuhui (1982- ), senior engineer, mainresearch interest: highway construction, E-mail: huxuhui@cegc.com.cn.

ZHOU Hang (corresponding author) , professor, doctorial supervisor, E-mail: zh4412517@163. com.



2 AR5 x B TEFROP E L) % XX &

properties between the model material and natural soil. However, most existing studies primarily focus on the
static properties of transparent soil materials, while their dynamic response characteristics remain insufficiently
explored. To address this gap, this study employs a laboratory bidirectional dynamic triaxial apparatus to
conduct axial and radial cyclic triaxial tests on fused quartz sand, a typical transparent sandy soil material. The
dynamic behavior of fused quartz sand is systematically investigated, with particular attention to the effects of
cyclic loading direction and cyclic stress ratio (CSR). Test results indicate that the dynamic response
characteristics of the continuously graded sand, including a liquefaction threshold CSR of 0.10 - 0.15, are
highly consistent with those of natural sands. When the CSR exceeds this threshold, the liquefaction
development rate increases significantly with the rising stress amplitude. Under axial cyclic loading, the
liquefaction response mechanism of fused quartz sand closely resembles that of natural sands, and the excess
pore pressure buildup curve transitions from a Type C pattern to a Type A pattern as the cyclic stress amplitude

increases. In addition, noticeable differences in dynamic response are observed for fused quartz sand under

different loading directions.

Keywords: transparent sand ; fused quartz; dynamic characteristics; dynamic triaxial test
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Table 1 Soil physical characteristics of fused quartz
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Fig. 1 Grain size distribution curve of standard sand
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Table 2 Main technical parameters of bidirectional dynamic triaxial test
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Table 3 Void ratio of fused quartz
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Fig.2 Cyclic loading waveforms under different cyclic stress ratios
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Fig.4 Dynamic stress-strain curves
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Figure 9 Development of pore pressure curve in saturated
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