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Investigation of vertical load transfer mechanism for PHC steel composite pile
HU Jurwen', ZOU Yur guang’, TANG Lei', WANG Haijun', GUAN Fu hai'
(1. Nanjing Hydraulic Research I nstitute, Nanjing 210024, China;
2. H arbor Construction Project of Zhenjiang, Zhenjiang 212004, China)

Abstract: PH G steel composite pile, with corrosion resistance and good penetration properties, has been popularized in higlr pile
wharf. However, there are always some difference of their diameter, modulus of elasticity and density between PHC pipe pile in
the upper part and steel pipe pile in the lower part, and the load transfer of composite pile was significantly different in its upper
and low er part. T he traditional method can not be applied directly to calculate the vertical bearing capacity, thus the load transfer
mechanisms were not investigated. Therefore, the design of composite pile lacked mechanism basis. Based on geological condt
tions of the Yangtze River region of Zhenjiang Y angzhong, and considering softening of soil, the contact characteristics of pile
soil and great settlement deformation, simulation test of vertical static loading of PH G steel composite pile was conducted by
sing FLAC3D softw are, then the effect of “depth of joint” ,“ area of joint” on ultimate bearing capacity and the axial force and
pile lateral friction resistance were analyzed. The results indicated that the PH G steel composite pile which driven in Yangtze
River region of Zhenjiang Y angzhong is end bearing friction pile; the area and depth of joint affects the ultimate bearing capacity
and settlement value of unstable pile;the greater attenuation of axial force occurs in the joint; the pile lateral friction resistance
changes intricately with increasing depth;the ultimate pile lateral friction resistance occurs in the joint.
Key words: PH G steel composite pile; FLAC; vertical static loading test; depth of joint; area of joint; axial force; pile lat eral

friction resistance
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Fig. 1 The components of PH G steel composite pile
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Tab.1 Cleologicalparameters
JEI% & R BID) N R
TEAKR R B R OBE BM N
/m /(kg*m3) K/MPa G/MPa ®(°) c/kPa

Jo Nl

o WAVRIE B -6 1847 2.29 0.76 3.5 18
o MR LI -9 1857 4.82 3.31 5.4 22
o1 MEFEL - 14 2051 3.44 1.15 11.8 45
oo BN LIRS - 16 2020 476 3.11 10.7 37
A e -28 1980 6.18 4.76 21.5 12
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Fig.2 Three dimensional model of pile soil
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Fig.3 Larger picture of joint
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Tab.2 Friction angle of soil in plastic stage )
’ eV
TR AR
0 5% 50% 100%
WAVR TR DA 1 3.5 2.0 1.5 1.5
B R L ek i 5.4 3.0 2.4 2.4
B+ 11.8 6.0 4.0 4.0
biglie e R i 10.7 7.0 4.0 4.0
w4 b 21.5 15.0 12.2 12.2
4l b 31.4 28.0 22. 4 22.4
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Tab.3 Cohesion of sail in plastic stage k Pa
SR M AR
T 24
0 5% 50% 100%
WAE AR A 1 18 5 1.8 1.8
K R ek b 22 7 2.2 2.2
K AL 45 15 4.5 4.5
B R L ek i 37 12 3.7 3.7
K 4 ih 12 4 1.2 1.2
M 5 1.5 0.5 0.5
4% PHC & HERVNE BENE(AS 4.
4
Tab.4 Material parameters of piles
R I R K BYIRRE ¢ BEE
o /(kg* m?) /GPa / GPa /mm
PH C % B 2 400 21 15. 83 130
N R 7580 137.33 82. 4 16
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Waim D5 ) b R X E e RSF; Az £ PH C 4
PERAHCQ 2 m, 7EAN B HE RS 40 L Q 02 m, 7E3E AE
oA GHREC 1 m. B W 5.

Tab. 5 Parsameters of contact surfaces MPa/m
ikt
RIS e st HEbE DAL BEbE 0
MK 9m B 13 m MR 17 m
1 132 132 132
2 370 370 370
3 92 199 199
4 2 490 50 356
5 4 454 2490 501
6 6 266 4454 125
7 125 6266 6266
8 - 125 125
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Fig.4 Loadsettlement curves at different depth of joint
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Fig.5 Loadsettlement curves at different area of joint
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Fig. 6 Plastic zone distribution at ultimate bearing capacity

BT 0T MBI S Ni= oA 5, Ko N
R AR (KN, 0; S G HEER @ 4 e Y. 7,
A ARG IR m®) .

PP 7 T, AR A B 1)l T B R R T 1)
T, B AT . BE S R E KT SR
71, BRI A — 8B ). —HRAL-E0E it A
PH C EHE F Ak 3 B —35, 70 bt A ik 1)
HAIR A B K il o FE AR AR 9 m13 m AT 17
m 2 A BE B AR MR 4 9T 346 8 kN
385. 6 kN F1536 9 kN . #ili JjH B 9 — Jy1il /2 A
M EERH 3 B AFAE, — 5 T2 TR AL 8+
AR S 7R AL, 2 g A0 2 e B AT 8 A7 ) 5 A A7
IS AR T S B YR O m
13 m (WL A BT A A il g 3 ik A2 i 2 A 35 7
JITA YRS TRTEE T 355 01, E 3 79 R 4125 2 AT 3 o7
AT54k ¥ A — 1 22, B DA 0 e e s 2 A BRI if 25
TR LA AL A A T AR VR B TR LAY TR A1)
KA ab 2, DAL il o kL e T wiTE PIAR 415 AT
b FA YA O m 13 m F1 17 m (0414 BEAE R 11
Wy Wk 248. 8 kN 241 1 kN F1168 6 kN, 1] L
B il AT B A Ak 1) ek A 2% L R B IS
LN



R X« PH G R % 4608 % ) #7 H AL B AL AT R

7
Fig. 7 Axial force distribution at different depth of joint
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Tab.6 The percentages of the total load borne by soil layer (%)
TEA

Al b SR IR BEEE B BEERE OBEEE . haw B

R E + JeR Bl (HEBEFRBAL) Jekn b PR () (HEJ)

PN A7 BEA 9 m 13.7 6.7 29.0 22.1 9.2 16.1 - 3.2
BEHE A A 13 m 12.4 7.0 30.5 15.7 7.9 14. 4 - 12.1
BEWE A IR 17 m 11.6 7.0 20. 1 - 11.2 26. 1 9.2 14.8

3.3 EFLH H5HT D7 ) BTN o AN A R AR K, L R A K
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A A ) PREREL 3 00 5 2 U2 M AT Fr) e 7 o
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PN AR SR, A E S 9 m (WAL G
APEFR) A B s 7 B 9 R JSE 7 1) S8 9 4K, 00 JEE L ) 3%
WG K, EL AR R, 12 B AR (67 Ak H B KA
(I, ph A A PP s e AR /D, b A SR 13
m [RIZLE WO RS BEL D A6 8 ot b i (1 )=
AN e TR 2R, SRR IR 17 m 4G BE PHC
ERER A, BTA- 6 m Fl- 13 m (R0 B BH J) {8
WIS, SR JE AESE LR AR AR AT A K, B
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Fig. 8 lateral friction resistance distrbution at different depth of joint
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