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Influence of cyclic stress ratio and effective confining pressure
on dynamic characteristics of Beibu Gulf sea sand
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Abstract: As the filling material in reclamation engineering, it is particularly important to study the
dynamic characteristics of sea sand under cyclic loading. In order to reveal the dynamic characteristics
of the Beibu Gulf sea sand, the GDS dynamic triaxial test system was used to carry out the saturated
undrained cyclic loading triaxial test of the Beibu Gulf sea sand under different cyclic stress ratios and
effective confining pressures. The relationship between the dynamic strength and the failure vibration
number of the sea sand was explored, and the development law of the axial cumulative strain,
resilience modulus and dynamic pore pressure was analyzed. The results show that there is a good
linear relationship between the dynamic strength and the failure vibration times, and the dynamic
strength decreases with the increase of the cyclic vibration times. The axial accumulative strain of sea
sand presents the development mode of “stable development-instable failure-incremental failure”, and
the fitting curve of axial accumulative strain and vibration number can be described by power function.
The change curve of resilient modulus with the axial cumulative strain presents the development trend
of “sudden drop-slow decrease-basic stability”. Under the same vibration level, the resilient modulus
increases with the increase of the cyclic stress ratio and the effective confining pressure. When the
high cyclic stress ratio is 2. 0, the relationship curve of resilient modulus with strain mainly presents
the development law of “sudden increase-gradually decrease-stability”. The development modes of
pore pressure are “sudden increase-stable-linear growth” and “sudden increase-stepwise growth”, and
the two modes are converted to each other. The research results can provide some reference for the
uneven settlement and seismic liquefaction of reclamation foundation in Beibu Gulf area.
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Fig. 1 Test coal sample
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Fig. 2 Schematic diagram of test process
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Fig. 4 Surface crack propagation of coal samples before and after different cold loading cycles
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Tab. 4 Crack propagation width of coal samples in different cold loading periods
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N-1 297.99  288.96  261.87  282.94 325,08  388.29  316.05  343.14 60. 20
N-2 207.69  198.66  225.75  210.70  270.90  279.93  316.05  288.96 78. 26
N-3 162.54  225.75  279.93 222,74  234.78  270.90  415.38  307.02 84. 28
N-4 514.71  261.87  153.51  310.03  577.92  370.23  243.81  397.32 87. 29
N-5 316.05  307.02  243.81  288.96  559.86  433.44  316.05  436.45  147.49
N-6 388.29  361.20  460.53  403.34 722,40  713.37  523.74  653.17  249.83

N-7 198. 66 225.75 126. 42 183. 61 460.53 469. 56 433. 44 454.51 270. 90
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Tab.5 Wave velocity attenuation rate of coal samples in different cold loading periods
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N-1 1 49.93 100. 58 0.330161
N-2 2 49,92 101. 20 0.360291
N-3 3 49. 86 101. 30 0. 381675
N-4 4 49. 90 99.75 0.462374
N-5 5 49. 86 100. 56 0.509239
N-6 6 49. 95 101. 20 0.520790
N-7 7 49. 90 99.78 0.589822
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Fig. 9 Results of uniaxial compression test
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Fig. 11 Schematic diagram of influencing factors of cracking coal samples by liquid nitrogen cold loading
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Study on permeability characteristics of coal samples
under liquid nitrogen cold loading

SUN Siyang, LI Hewan, WANG Laigui, LIU Jian, ZHANG Ziheng

(Department of Mechanics and Science Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China)

Abstract: To study the influence of liquid nitrogen cold loading on the permeability characteristics of
coal samples, the research method combining experimental research and theoretical analysis was used
to study the change law of pore and fracture structure damage and damage, physical and mechanical
properties, and permeability characteristics of coal samples under different cold loading cycles. The
development of coal samples’ cracks before and after different cold loading cycles were obtained by
scanning electron microscope, wave velocity test, permeability test, uniaxial compression test, change
of wave velocity attenuation rate, pore volume, compressive strength, and permeability. The test
results show that (1) cold loading with liquid nitrogen can effectively promote the initiation and
development of coal sample fractures, effectively connect relatively independent fracture structures,
form interwoven fracture networks, increase the gas flow of coal samples, and thus improve the
permeability of coal samples; (2) The combined effect of temperature difference effect and water ice
phase change also has a strong promoting effect on the permeability of coal samples; (3) With the
cycle of cold loading cycle, the crack expansion width and expansion rate of coal samples gradually
increase, the mechanical properties are weakened., the compressive strength is getting worse and
worse, the overall damage degree of coal samples is serious, and the permeability increases
exponentially, increasing by 16. 76 times.

Keywords: liquid nitrogen cold loading; coal sample damage; the attenuation rate of wave velocity;

porosity; permeability



