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[ Abstract] The stiffly-expanded composite pile is a new type of composite pile formed by sinking rigid pile in cement soil mixing
pile. In order to study its bearing characteristics in complex soft soil-sandy soil foundation, a numerical analysis model of rigid
composite pile was established based on finite element software ABAQUS, with the effect of core pile length and diameter, soil-cement
pile length, diameter and elastic modulus, as well as soil-cement and pre-stressed high-strength concrete (PHC) pile interface and soil-
soil interface shear strength on the bearing performance was analyzed. The results show that the bearing capacity and economic advanta-
ges of the stiffened composite pile are obvious. The bearing capacity of composite pile increases with the increase of research parame-
ters, but the improvement is limited by changing the research parameters beyond a certain range. With the increase of load, the slope
of axial force distribution curve of composite pile increases, and the load proportion of PHC core pile is about 93.32% ~95.40% .
When the load exceeds 4 000 kN, the axial force of soil-cement pile increases sharply within the depth range of 10 ~16 m, and the axi-
al stress ratio of core pile/soil-cement pile changes significantly near the depth of about 10 m. The research outcomes could provide ref-
erences for the engineering design and application of the stiffly-expanded composite piles.
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Table 1 Physical and mechanical parameters of soils

HEy/ FhE S NEEEESM FR&SE ANt REJIRHMIEE [iE7N=AiiUN
25 T2 JZJE/m . . ] X i
(kN-m~?) ¢/kPa @/(°) E_/MPa v fu/kPa BH 345,/ MPa
1 IR+ 2.4 18.0 16.8 10.5 3.2 0.35 70 1.101
2 IR i+ 5.8 17.8 13.8 6.3 3.1 0.42 60 0.524
3 L LI ab 1.6 18.1 19.1 12.3 3.5 0.40 80 1.438
4 WabJe K iz 1 1.5 18.4 6.1 27.6 7.5 0.40 130 4.579
5-a M L Je ks g+ 1.7 18.2 13.5 20.3 6.5 0.40 110 3.386
5 Wb It + 4.2 18.5 4.5 30.5 10.5 0.40 170 7.234
6 B 8.4 18.2 3.1 32.5 13.5 0.30 200 10.076
7 Kramab 11.3 18.2 1.5 35.2 14.0 0.30 210 10.727
8 Braneb Aili 7 18.3 1.4 36.8 16.0 0.30 220 15.053
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Fig. 1  Finite element model of composite pile
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Table 2 Material parameters of models
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Fig.2 Common contact analysis procedure and existing problems of column and soil
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Fig. 5 Effect of core pile diameter and length on the
bearing capacity of composite pile
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Table 3 Analysis working case and ultimate bearing capacity

T PHC #EH 1% PHC #E ke K Ue 1A KL, KRE-EER T, KRE-REEL R A
(BEJE) /mm KJE/m HA%/mm KJE/m MPa kPa K J1/kPa X J1/kN

1 500(125) 18 900 18 500 40 200 4914
2 — — 900 18 500 40 200 1735
3 500(125) 18 — — — 40 200 2 256
4 800(130) 18 — — — 40 200 3 669
5 1 .000(130) 18 — — — 40 200 4 601
6 500(125) 28 — — — 40 200 3289
7 500(125) 38 — — — 40 200 4249
8 300(70) 18 900 18 500 40 200 4048
9 400(95) 18 900 18 500 40 200 4509
10 600(130) 18 900 18 500 40 200 5 228
11 700(130) 18 900 18 500 40 200 5420
12 800(130) 18 900 18 500 40 200 5 609
13 500(125) 12 900 18 500 40 200 3506
14 500(125) 14 900 18 500 40 200 4 006
15 500(125) 16 900 18 500 40 200 4 528
16 500(125) 20 900 18 500 40 200 5224
17 500(125) 22 900 18 500 40 200 5 379
18 500(125) 24 900 18 500 40 200 5577
19 500(125) 18 600 18 500 40 200 3710
20 500(125) 18 700 18 500 40 200 4145
21 500(125) 18 800 18 500 40 200 4 547
22 500(125) 18 1 000 18 500 40 200 5210
23 500(125) 18 1100 18 500 40 200 5543
24 500(125) 18 900 12 500 40 200 4 245
25 500(125) 18 900 14 500 40 200 4 401
26 500(125) 18 900 16 500 40 200 4773
27 500(125) 18 900 20 500 40 200 5023
28 500(125) 18 900 22 500 40 200 5070
29 500(125) 18 900 24 500 40 200 5 080
30 500(125) 18 900 18 300 40 200 4777
31 500(125) 18 900 18 400 40 200 4 836
32 500(125) 18 900 18 600 40 200 4 957
33 500(125) 18 900 18 700 40 200 5 000
34 500(125) 18 900 18 500 0 200 3412
35 500(125) 18 900 18 500 10 200 3997
36 500(125) 18 900 18 500 20 200 4512
37 500(125) 18 900 18 500 30 200 4723
38 500(125) 18 900 18 500 50 200 5111
39 500(125) 18 900 18 500 60 200 5295
40 500(125) 18 900 18 500 40 50 4 440
41 500(125) 18 900 18 500 40 100 4542
42 500(125) 18 900 18 500 40 300 5072
43 500(125) 18 900 18 500 40 400 5147
44 500(125) 18 900 18 500 40 500 5192

W RE TR AR RS T 20 kPa J5 B —BRTIER N B SRR B R RA KR,
TIPSR GRS PRI RN R . 1eoh, 3.2 TaEtRmalHI S

P& HAE-PHC B2 fih 17 55 S5 365 52 5 WEAR BR 7K 28 ) k2 W S PR 52 6 52 07 2 A P e 8
WA RE W, SRR IET 100 kPa WX E  MABALH], AL (3 T 1) A6, Ik S
JIBIRENEAC N W 5 T 25 %658 i 200 kPa J&, BE - B o0 Ger 48 LA il 15 g R SN
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Fig. 6 Effect of cement soil pile parameters on the

bearing capacity of composite pile
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Fig. 7  Effect of contact strength on the bearing

capacity of composite pile
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Table 4 Load taking ratio of PHC pile and cement-soil pile

Fott BT (KN) S /%
500 1 000 1 500 2 000 2500 3 000 3500 4 000 4500 5 000
PHC 94.32 94.32 94. 66 94.93 95.11 95.23 95.32 95.35 95.37 95.40
K L 5.68 5.68 5.34 5.07 4.89 4.77 4.68 4.65 4.63 4.60
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