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Numerical Simulation Analysis of Horizontal Bearing Behavior of

Helix Stiffened Cement Mixing Pile

GAOQO Jiyu, ZONG Zhongling, HUANG Yunhan, ZHUANG Xiaoxuan, FAN Yimin
(School of Civil and Harbor Engineering, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: Helix stiffened cement mixing pile (HSCMP) is a rigid composite pile type that com-
bines rigid screw piles and flexible cement-soil piles to form complementary reinforcements. Ai-
ming at the horizontal bearing performance of HSCMP, a numerical analysis model was estab-
lished, and parametric analysis was carried out to study the ratio of cement-soil unconfined com-
pressive strength to the undrained shear strength of soil around the pile (¢,/S.) . the blade diam-
eter to the pile diameter ratio of the screw pile (D/d) effects on the horizontal load—displace-
ment curve, pile displacement, and pile bending moment of HSCMP. The results show that the
pile displacement and bending moment of HSCMP gradually decrease with the increase of ¢,/S,
and D/d ; the horizontal ultimate bearing capacity of HSCMP increases linearly and then tends to
be stable with the increase of ¢g,/S,. It increases approximately linearly with the increase of
D/d ,the HSCMP normalized horizontal ultimate bearing capacity correction calculation formula
is proposed.
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Fig. 1 Mesh division of spiral pile core and cement-soil pile
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Fig. 2 Soil mesh division
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Fig. 3 Physical drawing and specific size of pile core (unit: mm) 500k
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Table 2 Physical mechanical parameters of indoor test soil

2 o/ (kg +m *) H/m S,/Pa E,/Pa 2 v/
e 2 1 800 0.05 4.0x10° 3.00X10° 0. 40 5
wt)zE 1 700 1.45 2.5x10° 1.11x10° 0. 40 0
K+ 1890 0. 60 2.0X10° 1.50%x10° 0.35 30
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Fig. 5 Comparison of numerical simulation and test results
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Table 3 Parameters of horizontal bearing test soil

2 o/ (kg * m ) H/m D,/m S,/Pa E_/Pa P /(%)
Lot 1 800 20 4 2.6x10" 1.3X107 0.3 0

E:D, N EEERE;S, AL WAHKSTET I,
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Table 4 Parameters of spiral pile core in horizontal bearing test

2R o/ (kg +m *) E/Pa P d/m L/m D/m
HP 7 800 2x 10" 0.33 0.089 14 0.26

T E AR s d AR L AR s D i i AR s HP R4 .

3 | 3 | 3 | 3 |2
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Fig. 6 Schematic diagram of blade arrangement (unit: m)
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Table 5 Parameters of cement-soil piles under different q,/S, conditions
iRz o/ (kg *+ m ) E_ /Pa 7 D,/m D/m /(%) S,/Pa q,/Pa q./S,
CS-Q2 7.28X10° 2.60x10" 5.20X10" 2
CS-Q4 1.46%107 5.20x10" 1.04X10° 4
CS-Q6 2.18%107 7.80%10" 1.56X10° 6
CS-Q8 2.91X10" 1.04X10° 2.08X10° 8
. 2 000 ) 0.3 0.312 0.26 30 r .
CS-Q10 3.64X10" 1.30x10° 2.60X10° 10
CS-Q20 7.28%107 2.60X10° 5.20X10° 20
CS-Q40 1. 46X 10° 5.20X10° 1.04x10° 40
CS-Q60 2.18x10° 7.80X10° 1.56x10° 60
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Table 6 Parameters of cement-soil piles under different D/d conditions

p-R= o/ (kg * m ) E./Pa P D./m D/m /(%) S./Pa q,/Pa D/d
CS-DI.5 0.160 2 0.1335 1.5
CS-D2 0.213 6 0.178 0 2.0
CSD2.5 2 000 2.18x10° 0.3 0.267 0 0.2225 30 7.8%10° 1.56x10° 2.5
CSD3 0.320 4 0.267 0 3.0
CS-D3.5 0.373 8 0.3115 3.5
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Fig.7 Effect of q,/S, on HSCMP horizontal ultimate

bearing capacity
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Table 7 Horizontal ultimate bearing capacity at each

q./S. condition
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Fig. 8 Relationship between q,/S, and normalized

horizontal ultimate bearing capacity
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Table 8 Horizontal ultimate bearing capacity at each

D/d condition
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