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An experimental study of the dynamic characteristics of cement
soils subjected to staged cyclic loading
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Abstract: With the change in vehicle loading, the load amplitude will also change. However, most of the existing
studies focused on the dynamic characteristics of cement soil under the constant dynamic loading, and the dynamic
characteristics of cement soil under staged cyclic loading were seldom examined. Using the GDS dynamic triaxial
apparatus, a series of dynamic triaxial tests of cement soil are carried out to investigate the influence of static
deviator stress and confining stress on the dynamic characteristics of cement soil. The results show that the axial
plastic strain of cement soil increases with the increasing confining stress and static deviator stress ratio. The axial
strain of cement soil is in the range of 0.1% ~ 0.5%, and its strain development belongs to a stable type. The staged

loading and unloading have a great influence on the development process of the plastic strain of the cement soil,
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but have little influence on the ultimate strains. The empirical model of plastic strain considering loading and
unloading conditions, confining stress and static deviator stress ratio is established. The correlation coefficient of
staged unloading is greater than 0.95, while that of staged loading is between 0.8 and 0.9. The results show that the
first stage load plays a leading role in the strain development, while the maximum dynamic stress ratio cannot
dominate the strain development when the first stage load is small. Under the condition of staged loading and
unloading, the backbone curve of the cement soil shows two modes: ascending type and descending type, which
can be simplified as a multi-segment straight line. Based on the established cumulative plastic strain calculation
method, a method to determine the dividing point of the multi segment straight line is proposed, and its feasibility

is also verified. The research results lay a foundation for systematic analyses of the dynamic mechanical properties

of cement soil under traffic loading.
Keywords: staged cyclic loading;
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Fig.1 Schematic diagram of staged cyclic loading
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Table 1 Dynamic triaxial test scheme of cement soil

RS [l /kPa gy N 7 H
DI 40 SR 0.00
D2 60 R INE 0.00
D3 80 EsE= 0.00
D4 40 eI 0.00
D5 60 IYOREEL 0.00
D6 80 GIOREEL 0.00
D7 80 GIImEL 0.15
D8 80 Y 0.20
D9 80 SR 0.25
D10 80 S 0.15
D11 80 S, 0.20
DI2 80 Iy 0.25
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Fig.2 Relationship between the plastic strain and cyclic times
under different confining stresses: ( a ) staged loading;
(b ) staged unloading
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Table 2 Cumulative strain under different
confining stresses 1%

Gl

gt BH/kPa 0.25 0.30 0.35 0.40 0.45

0.45 0.40 0.35 0.30 0.25

Jmzk 40 0.174 0192 0207 0216 0228
fEEEY 40 0203 0218 0225 0229 0232
i 60 0.224 0241 0253 0261 0267
I 60 0246 0255 0260 0266 0270
Jnzk 80 0275 0289 0307 0326 0336
I 80 91200 0326 0332 0336 0.340
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Table 3 Cumulative strains under different static
deviator stresses 1%

BN I
= R 025 030 035 040 045
045 040 035 030 025

PJIIE= 0.00 0275 0289 0307 0326 0336
I 0.00 0310 0326 0332 0336  0.340
ik 0.15 0315 0329 0345 0357 0379
fizlE=4 0.15 0348 0364 0374 0379 0383
g 0.20 0347 0356 0367 0391  0.400
I 0.20 0385 0397 0402 0403  0.404
gk 0.25 0361 0378 0399 0419  0.444
HI#, 0.25 0.409 0427 0432 0434 0443
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Table 4 Fitting parameters of the cumulative plastic strain
modes of cement soil

CUJ

i

a a as ay
D1 2.49 N/A 0.41 0.093
D2 2.49 N/A 0.64 0.089
D3 2.49 N/A 0 0.091
D4 2.21 N/A 0.35 0.070
D5 2.21 N/A 0.27 0.068
D6 2.21 N/A 0 0.074
D7 2.49 3.16 0 0.055
D8 2.49 2.70 0 0.057
D9 2.49 1.67 0 0.080
D10 2.21 1.57 0 0.057
D11 221 1.48 0 0.032
D12 2.21 0.68 0 0.038
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