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Numerical analysis of influence of soil strength of piletip on

bearing capacity of overlong pile

WANG Si, ZHANG Yong-jie, CHENG Xin, HUANG Yong-gang, LI Zi-feng
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: In order to investigate the influence of soil strength at end of pile on bearing capacity of
super-long piles, three kinds of super-long piles with different lengths were established. By changing the
strength of soil at end of pile, the transfer of axial force along the pile body, the influence of pile lateral
friction resistance and the deformation of pile were studied. The influence of soil strength on the lateral
friction of the upper and lower sections of super-long piles was analyzed. The results show that, the
ultimate bearing capacity of super-long pile is improved from 7.06% to 22.49%, when the soil strength
of pile tip is increased by 1 to 2 times. When the 80 m foundation pile with five different length to
diameter ratios, the ultimate bearing capacity increases from 35.06% to 63.21%, when the length
increases from 25% to 50%. Under the same load, the lateral friction of pile with strong soil at end of
pile is less than that of pile with weak soil. End-resistance strengthening effect also exists in the weak
soil layer. The strengthening effect will increase with the decreasing of length to diameter ratio. The
numerical simulation results can provide reference for the design and bearing capacity estimation of
super-long diameter pile foundation.
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Table1l Parameters of soil

EAS H/m C/kPa ¢/(°) EMPa v  p/kN+m>)
JHE L 2.6 - - — — 19.2
Ky 60.0 2 33 35 030 18.0
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Fig. 1 Schematic diagram of finite element model

(b) HE

HE T ERT I S P TR B O—UTRE S
LRUNPE 2 FToR . CABERF BRN 22 B B B 55 3T r iff s 3
B PR 7R 2 7 o BSUE T 55 1) B A BR AR 38 0
16 033 kN B, FERUHEAE TR 13045y 32.9 mm, SE
fH4 16 500 kN, HETI B PTF% N 30 mm. A5
5 SR PO FRT 3R A 25 467 KN, BETRYTFAAH 2 2.9
mm, PIE R, A BRG] AR B — i ) s
PrRifin. RO AL o 5 003k TR A kL 24
e KSR 3 o S B

AT A7 4/ MN
0 3 6 9 12 15 18 21 24

_10 -
_20 L
_30 -
_40 -
_50 -
_60 -
“70k
_80 -
-90  ~ BUEIH
—jooL ~* =W

BETR YT/ mm

B2 #AAH 5 ERME Q-S tkatik
Fig.2 The O-S curve of measured value and numerical

calculation



70 Ft

4

5 1 %=

2 FRKERHHELERI N

R ASEFOUAE i - A 5 FEE o K A R M i 1 R
Wi, @IS 80 my 100 my 120 m 3 K FEE L ()
KA, FERRERCS B 3 FhASE BLAR D, 40515 1.0 my
1.5 m. 2.0 m. AR, g—RBEENE LR
AL FEAT AR, A ik R SR AR R E SN Es, AR
TR R AIF FCER A 8, TR G T4 1) ) 5 e A 1) R e
BAKE, 3 RIBEE A 35 MPa. 70 MPa. 105 MPa. Hf
FUAE ity 558 X R KA AE A AR R 1 BB I 52
THEARBIAL R RS S A i e 5 3 U A AL AR ] o
21 FHERUTREIZ

ZERE RS o TR E AR S, — R YE b
TR LB A B ANPUPE R BUREE , B — TR AR B (1)
Tr B R 7K E T, AR R AR I8 5 B 40~ 60 mm BX
WEAR I 3%~6%. [ItL, ZrHrilRARZ JIn, #2
FESLAENE TSR 50 mm BTG B R 2K, %5 A AR PR
FRIIIWNR 2. HT AR N O-S #i 2R
FHIE, L 80 m A9, fr it Zean & 3 Fros .

BETR e /KN
0. 10000 20000 30000 40000 50000 60 000

-10} ~ Es=35MPa, D=1.0m
0l - Es=35MPa, D=1.5m
~ Es=35MPa, D=2.0m
-30 - Es=70 MPa, D=1.0m
g 40t — Es=70 MPa, D=1.5m
& = Es=70 MPa, D=2.0m
& S0r
B 60t
_70 -
80r _ Es=105MPa, D=1.0m
-90F -+ Es=105MPa, D=1.5m
-100L ~ Es=105MPa, D=2.0m

B3 80m 4k O-S H
Fig. 3 Q-S curves of the 80 m pile

M3 HrT DU Y, 2 00T e 42 i B B 7 2
JIEE, AR AT TR it 2 — O R R B bk
#8 1m. 80 m FEHE A FEHI N 25%*, AR PR &
WA 6.75%; MEKAEKIEM 50%. 20.9%. 4
AR 1.5 m F12.0 m i, BRI 50%, HZBR&
AR R B KN 8.89%, LR ARBR & # 7
W A AR S i S I e AN B R, R R K
P (008 PR AR A8 0 2 e b T Bl o 549 R OV st
ORI P AT AER SR AT AR T, & R4

K2 BHEMBAREALER
Table2 Summary of ultimate bearing capacity of each pile

e PR J1/KN

Bi/m  BER/m
Es=35 MPa Es=70 MPa Es=105 MPa
80 1.0 16 480 18 220 18 572
80 1.5 26 256 29200 30 700
80 2.0 36116 41 040 43 000
100 1.0 17 592 18 888 19716
100 1.5 26 648 30 700 32 644
100 2.0 37796 42244 45 080
120 1.0 19 924 21332 22 104
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120 2.0 39 160 43 680 47 020
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Fig.4 Ultimate bearing capacity curve of foundation pile

with different pile diameter ratio
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WS 1~2 fEbEm R, HARBR AR A
X AR = U HR T 7.06%~12.69% . 241424 1.5 m
N, PR AZ TR S 15.21%~22.49%, HMiEN 2
m I, WERAZ 3 11.54%~20.07%-

2) SR BB AR SR 7K 3 B 25 & 5 IR K AT
Eeissm . BT A& BL 80 m FEME A AR E 4 il
N 45, 50, 55, 60, 65 HAGHEKIER 25%~50%
I, HARBRAZ 4 = VG FAN 35.06%~63.21%.

3) BEK BEAREOR, o BH R A SN R B . B
KA 80 m, AN 1 miIME, it A 35 MPa~
105 MPa i, 378 75.5 m AN EERH /) L3RR 71 m
MRS T 9.26%~13.4%. HEK N 120 m. HEN
2 m i, fEERH 748 5 130.1%~191.46%.

&% ik (References):

(1] 7 o A VR i L 5 %o A BEL 13 ) 5 el ], 2 SR
2%,2000,16(6):51-54,60.(XI Ning-zhong. A discussion
on influence of soil strength underneath a pile on the pile
shaft resistance[J].Building Science,2000,16(6):51—-54,
60.(in Chinese))

5 AT, TR EZ T AT i L B R R AT 0] BEL 3 e ) BT (D],
#+ TR 2% R, 2010, 32(S2): 59-63. (ZHANG
Zhong-miao, ZHANG Qian-qing. Influences of soil
strength at pile end on friction of lateral surface of
piles[J]. Chinese Journal of Geotechnical Engineering,

2010, 32(S2): 59-63.(in Chinese))

(3]

RIS X R X AN T e S 7 s L VB U A A R X B
5[] & £ LR 5 3% ,2011,33(3):490-495.(LIU Kun,
ZHAO Chun-feng. Model tests on bored piles under
vertical load on different pile-tip soils[J]. Chinese Journal
of Geotechnical Engineering, 2011, 33(3): 490-495. (in
Chinese))

A8 T A O i R R A KA 00 P FBH g i A 55 A RS F T
[J]. Tk £ 31 ,2019,49(1):107-114.(XIONG  Yu-chun.
Research on strength characteristics of sediment and
hardening and softening effect of skin friction[J].
Industrial Construction, 2019, 49(1): 107-114. (in
Chinese))

S R AT B vt SR AP 28 I e T B0 B SR i R 2K 20 A ).
i R 5 TR ,2020,36(2):98-103.(HU  Chao.
Settlement calculation and influencing factor analysis of
pile foundation in Xiangfu viaduct[J].Journal of
Transport Science and Engineering, 2020, 36(2): 98—
103.(in Chinese))

AR R AR O BE 70 584 5546 BOSEARIT FE (D). - AR
2 4 ,2009,31(5):658—662.(DONG Jin-rong. Enhanced
and weakened effect of skin friction of cast-in-situ
piles[J]. Chinese Journal of Geotechnical Engineering,
2009,31(5):658—662.(in Chinese))

TKELTH BRI, A 25 A BE AP A s BELASE A
FEREURR A SR 0] A A 058 5 AR #41%,2013,32(3):
615-624.(ZHANG Qian-qing, LI Shu-cai, LI Li-ping, et
al. Simplified method for settlement prediction of pile
groups considering skin friction softing and end
of Rock
Mechanics and Engineering, 2013, 32(3): 615—624. (in
Chinese))

i R, TR Bt B, X1 2 2, 58 3 TN BEL 77 A 502 11
FENEARF I E A A 155 TR %H,2013,32(S1):
2925-2933. (MENG Ming-hui, XING Hao-feng, LIU

resistance hardening[J]. Chinese Journal

Zhi-kui, et al. Calculation of bearing capacity of rock-
socketed pile based on enhanced effect of skin friction[J].
Chinese Journal of Rock Mechanics and Engineering,
2013,32(S1):2925-2933.(in Chinese))

KT, R AR 2 Ak P g 55 A O BE AR ELAE R F E ().
# + 1 2 2008,29(2):541-544.(ZHANG  Jian-xin,WU

Dong-yun. Research on interaction between resistance at



% I8, F K ARRRAREER Y GHL .

[10]

(1]

[12]

pile and lateral resistance of pile[J]. Rock and Soil
Mechanics, 2008, 29(2): 541-544. (in Chinese))

JEL R L, e 454, 8 5B i AR KT AR B T ST
W A AT (0] 2 18 R A2 5 T2 ,2019,35(3):65-71.
(ZHOU Tianying, ZHOU Yuanheng, LU Zhiyong,
Analysis and discussion of calculation methods for rock
socketed piles under lateral load[J]. Journal of Transport
Science and Engineering, 2019, 35(3): 65— 71.(in
Chinese))

2V i) IE, B b A S e o R R R R A AT
By i 0 BH 7 B 5 A RSB 7T (0] - 1%,2009,30(9):
2609-2615.(JIANG GAO  Guang-yun,
ZHANG Yang-song. Strengthening effect of total pile

Jian-ping,

lateral friction by improving rock or soil strength at pile

tip[J]. Rock and Soil Mechanics, 2009, 30(9): 2609—2615.

(in Chinese))

ZRHI, T R S A S R 5 AN BH 0 9% R A BR ST oy
B (37, 22 0 T2k 2 B 24 91%,2015,22(2):12—14.(L1  Qian,
WANG Lai-yi. Finite element analysis of relationship
between soil characteristics at pile end and resistance of
surface of piles[J]. Journal of Lanzhou Institute of

Technology, 2015, 22(2): 12—14. (in Chinese))

[13]

[15]

TR e o R <0 e G A5 A S DO PR X A 0 BEL 5 5 7 i)
OB 43 7 [J]. 8 & LA 2374 ,2011,33(S2):174-177.(XI
Ning-zhong, LIU Jin-li, XI Jing-yi. Numerical analysis of
influence of stiffness of pile tip soil on shaft resistance[J].
Chinese Journal of Geotechnical Engineering, 2011,
33(S2): 174—177. (in Chinese))

RIWER 2R, 52 1) Mg o 52, 5 R I 18 1) 7R 3 AR AR B
H B oo #F 5[] H A A B ,2019,39(4):1-5.(LIU
Yao-dong, NIE Chuang, MEI Jing-yu, et al. Study on
vertical bearing capacity of super long pile using model
test and finite element[J]. Journal of China & Foreign
Highway, 2019, 39(4): 1-5. (in Chinese))

SRR R TAR M. 2 fi A B 30 Tk i
#1:,2016.(GONG Xiao-nan. Pile and pile foundation
handbook[M].Beijing:China Architecture & Building
Press,2016.(in Chinese))

KRR, K 7 B, = e A A ey B AR A LB A PR T 2 HT[0].
KK 22 HR,2012,45(11):945-952.(ZHENG  Gang,
ZHANG Li-ming, WANG Qi.Finite element analysis on
load transfer mechanism of overlength piles[J].Journal of

Tianjin University,2012,45(11):945-952.(in Chinese))



