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Abstract: The cement-soil mixing columns are used to improve the surrounding soils of drilled cast-in-place piles in a typical
saturated silt site in Suqian City. The full-scale horizontal cyclic loading tests on the cast-in-place piles on site are conducted.
The hysteresis characteristics, bending moment, stiffness degradation, displacement ductility, horizontal bearing capacity and
residual deformation capacity of test piles in improved soil (TPI) and those in unimproved soil (TPU) under horizontal cyclic
loading are explored. The test results show that the bending moment of TPI piles decreases by 47% and the yield displacement
decreases by 41% compared to those of TPU piles. The horizontal bearing capacity of TPI piles increases by 150%, the
effective stiffness increases by 240%, and the equivalent viscous damping ratio increases by 233%. The cracking load of the
piles increases by 150%, and the residual deformation capacity of the piles during the yield load stage decreases by 17%. The
cement-soil mixing method can limit the liquefaction of silt at pile side, increase the energy consumption and displacement
ductility of pile foundation, and significantly reduce the development of horizontal displacement and bending moment of pile
head. From the perspective of seismic performance, strengthening the existing pile foundations with cement-soil mixing piles can
effectively suppress the stiffness attenuation of the foundation soils within the reinforcement range. The cement-soil-reinforced
piles enhance the total energy consumption, equivalent viscous damping coefficient and deformation recovery capability of the
pile-soil structure. Therefore, the seismic performance of pile foundations during large deformation is improved.
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Table 1 Mechanical parameters of steel bars

WRIGHI 2 JE R/ FabERiE, AR PTRIE
WALz bl MPa GPa J£/MPa
HRB400 456.7 206.6 661.5

1.2 iRI& 17 i R 5% 4

IR ML Tt EAR AR LB, RSB
WETILBUG AR, b RS 0. TR
ML LT 40 m¥EHEIN 2 tE NS 1% S 86 R .
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Table 2 Physical properties and mechanical parameters of soils

=8 - TREE  fKkE P IR WMETREL FRT WEEER R4EIREC MIRRIES
BEhim  w% y/(KN-m3) I I c/kPa /(") C: Cs
1-1 FIH+ 2.5 28.6 18.7 17.2 0.4 10.7 114 0.29 0.015
1-2 H+ 3.5 23.4 183 16.2 0.3 9.9 123 0.23 0.012
2-1 ¥t 8.9 25.4 19.2 8.5 0.2 10.0 19.4 0.16 0.007
222 mERMmEAELE 48 22.0 19.8 8.5 0.4 9.6 24.1 0.13 0.009
2-3 H+ 7.5 26.9 19.1 21.6 0.2 45.0 11.1 0.25 0.013
2-4 4t b 17.7 18.1 19.4 — — 2.8 26.7 0.11 0.008
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Fig. 1 Schematic diagram of cement-soil reinforcement
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Fig. 2 Horizontal cyclic loading full-scale tests
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Fig. 3 Horizontal cyclic loading curves
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Fig. 4 Schematic diagram of loading of TPU and TPI piles
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Fig. 5 Load-displacement curves under first cyclic loading
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Fig. 6 Variation curves of peak excess pore pressure ratio
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Fig. 7 Curves of bending moment of TPU and TPI piles
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Fig. 8 Hysteresis curves of TPU and TPI piles
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Table 3 Characteristic points of loading and ductility coefficient of displacement
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YA 1st 640 970 1030 876 9.85 29.6 76 157.4 5.30
1E 7] Ist 960 1280 1390 1130 6.80 17.4 68 149.5 8.60
(TPI) J A 1st 940 1250 1360 1156 6.90 17.2 66 143.3 8.30
YA 1st 950 1265 1375 1143 6.85 17.3 67 146.4 8.45
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Fig. 13 Degradation curves of stiffness of test piles
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