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Creep characteristics and model of salinized silt

PAN Chao-fan!, ZHANG Chen!, ZHANG Xing-xing?>, CAI Zheng-yin!, WANG Xu-dong?

(1. Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing, Jiangsu 210029, China;
2. College of Transportation Engineering, Nanjing Tech. University, Nanjing, Jiangsu 211816, China)

Abstract: A widely distributed salinized silt in Northwest China exhibits the physical characteristics of both low-liquid-limit silt and
saline soil, yet its long-term deformation behavior remains insufficiently understood. A series of uniaxial creep tests were conducted
to investigate its creep properties under varying conditions of salt content, dry density, moisture content, and overburden stress. Test
results indicate that, compared to salt-free soil, the creep rate of salinized silt accelerates significantly with increasing salt content,
demonstrating more pronounced nonlinear creep characteristics. The final strain of the salt-washed soil was 10%, which increased to
14% at a salt content of 6.4%. To more accurately characterize the soil’s creep behavior, the classical creep models were modified,
leading to the proposal of two new models: an integer-order model and a fractional-order model. Comparative analysis between the
experimental data and the improved models shows that both proposed models describe the actual deformation characteristics more
accurately than the classical creep model. However, the integer-order model lacks refinement in describing the decay creep stage,
whereas the fractional-order model demonstrates superior accuracy in capturing the detailed features of all creep stages and is
therefore recommended for effectively predicting the creep behavior of salinized silt.
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Fig.1 Sampling photos of reservoirs in northern Xinjiang plain
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Fig.2 Electron microscope scanning results of salinized silt
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Table 1 Basic physical parameters of soil samples
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Table 2 Uniaxial creep test condition of salinized silt
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S5 32 1.70 10.80
S6 6.4 1.70 10.80
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S8 32 1.70 400, 700 13.80
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Fig.5 Strain-time curves for each operating condition
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Fig.12 Fitting curves of the fractional-order creep model for salinized silt
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Table 3 Comparison of the creep process between integer-order and fractional-order constitutive models with

p=1.70 g/cm?®, C=3.2%

}j/—ikjlza E,/kPa m/ (kPa - min) E,/kPa 1./ (kPa « min) &/ (kPa » min)“* o
50 299.043 1 311.0399 346.260 4 2 804.182 162.4819 0.005 62
100 129.570 6 121.049 9 265.202 7 1703.184 40.3777 0.010 22
200 445414 5 6822.093 0 124.847 1 110.044 56.3320 0.022 47
400 164.920 6 168.974 0 411.603 1 9 806.325 92.006 0 0.031 26
700 487.621 4 14 660.900 0 211.209 8 234.188 129.348 0 0.034 86
1000 284.490 2 347.346 0 539.7210 17265.54 169.984 0 0.041 64

R4 pe=1.70 glem?, C=6.4%F} 73 B hBALK LIREARMBERIN G S8
Table 4 Fitting parameters of the fractional-order creep constitutive model for salinized silt
with pi=1.70 g/em?®, C=6.4%

)%kjlza E,/kPa 1/ (kPa » min) E,/kPa 7./ (kPa « min) &/ (kPa » min)“* o
50 213.4927 609.613 690.207 1.835 87.164 0.007 11
100 1 871.958 0 2.183 242.742 1 097.883 26.939 0.015 47
200 284.386 12 142.860 212.413 451.559 44.309 0.020 88
400 314.797 11 856.76 230.701 814.564 71.417 0.029 15
700 2.224 0.000 188 3.034 0.003 725 9.801 0.031 26

1000 343.395 768.617 338.234 15 558.160 149.229 0.034 47
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Table 5 Summary of the accuracy of several model

descriptions
. R 7)/ kPa
TR R
50 100 200 400 1000
Burgers 1% 0.9693 09212 09104 0.8746 0.8217
Merchant 574 0.9585 0.9012 0.8651 0.8271 0.780 1

TR TLCER 09634 09301 0.9201 0.9123 0.8472
B T £ AL 0.9943 0.9919 0.9832 0.9729 0.9523
SE R AL 0.9999 0.9997 0.9993 0.9992 0.999 1

pa=1.65 g/lem?®, C=3.2%
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