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Uplift mechanism and calculation method of constrained grouting pile under
disturbed conditions

WANG Chang-hong, CAI De-yong, HU Zi-xuan, YANG Tian-xiao
(Department of Civil Engineering, School of Mechanics and Engineering Sciences, Shanghai University, Shanghai 200444, China)

Abstract: With the development of underground space and uplift resistance issues arising during urbanization, the application of
uplift pile technology in high water table clay areas, such as the southeast coastal regions, has become increasingly prevalent.
However, conventional drilling techniques face significant challenges, including difficulty in achieving the required side resistance
due to the mud cake effect and challenges in expanding the bottom hole. To address these challenges, a novel calculation method for
the uplift bearing capacity of constrained grouting pile groups, accounting for disturbance effects, has been proposed. Taking the ®)
layer of grey clay in Shanghai as a case study, a clay and sand elastic-plastic-disturbed state concept(CASM-DSC) model was
developed to accurately simulate the mechanical behavior of the soil around the pile. Numerical simulations were performed using a
user-defined material constitutive (UMAT) subroutine to analyze the disturbance effects of the foundation soil around the pile and the
influence of expansion size. The simplified calculation method for the uplift resistance of grouted and expanded steel pipe piles, as
proposed in previous research, was revised. The results indicate that drilling excavation significantly reduces the side resistance of
clay soils and influences the mechanical performance of the pile-soil interface. The disturbance coefficient and range exhibit a
quadratic relationship with stress state and a linear reduction trend, respectively, in the foundation soil. At varying expansion lengths,
the ultimate uplift bearing capacity of the model pile exhibits a “V” shape characteristic as length increases. Additionally, the
expansion process alters the distribution of side force and axial force along the pile. Field tests at the Xuhui Binjiang site in Shanghai
confirmed the effectiveness and applicability of the simplified calculation method, with a calculation error controlled within 15%.
This provides reliable theoretical support and a practical calculation method for pile foundation engineering design.
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Table 3 Scaled model test conditions
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3.4.1 PLBHFERL N

X Eh & ¥ 73 AIEAE N 0.4+ 0.6 F10.8. 79~
KPE 1910 em, 5 RZECH | FFRENIME 41,
ANEH 5 6500 dis A HUIE 1 o 18 5 T30 4
5, WK S Fin. G5 “A0DS” FR R ¥la
704, HILBHTEEO N5 i di-

x5 AEMRIRS o FHEEED TR
Table 5 Numerical simulation conditions with different
disturbance coefficients

G EURTIES Wk o
A04D5 04 5dy
A06DS5 0.6 5dy
A08DS 0.8 5di

EAFRIMIE R ™, Wil E
KR o 54k, bt e I FLAN. . 10 24
THY B s S Ik o k. BT u
IEE] 8 mm I, HFLBRKEJIWEEG BN SRR,
B TRE . MEa RN, 559751 o B
Ko Ea /3N 0.8, 0.6 f10.4 KM, ocHEP
FHUGTHTY 3.33 kPa, IEKFBH G 13.34, 13.58,
13.80 kPa, [HAEMILIR/KEIIHEE, o4& MR
5.08. 5.61. 6.44 kPa. Frd BLMI A0y f 2436 K
BN, AN 153, 1.68. 1.93 i,

- A0SD5
& A06D5
& - A04D5
v 4T e Kikay i b
5 heEEN o
% ‘9!
~
ool ‘ L.
2 g R B
0 000 6000
|HT“EU/S 1 1 ]

(fO 0.1 0.2 0.3 0.4 0.5 0.6
H— A CH uid,

B 10 AFEMSIERaTHIKFRIIoZMN
Fig.10 Variations of horizontal stress o with disturbance
coefficient o

X EEANFEIL AN Z B o T KNI KAE o,

SREWENKT R KA o,,, B 11 ST a

FRISAN 2R E ks IR R AT B 0 2k b 4

k1=6“ =a,a’ +b, (15)

O,

a0

Kt a, M b, BRI R E o 0 1) &3 E R
o WEHZmE 11 Prox, Wa R2 %8 a, Mb, 777

HU{E N—0.764 F1 1.0,

1.0
m Fy A A
S — i
o
X 08 |
=
*Tg 06 T
D_: L]
0.4 1 1 1 1 J
0.0 0.2 0.4 0.6 0.8 1.0
LRI EY 0

B 11 ARSI RS e KRR
Fig.11 Reduction effect on different disturbance
coefficients o

3.4.2 BN

BRI AN SRS T O IR RN, 4 il A A
JOF R REOAAE, BEHMHT BKER
10 cm, HHHEH 15 di, KB REa=0.6, HEH
HEE T PBEE K dm, Wik 6 B,

F 6 FRMTEE O FISEER R+ TR
Table 6 Numerical simulation of foundation soil condition
in different disturbance ranges 6

s Ao etk e
A06DI1 0.6 ld;
A06D5 0.6 5d,
A06D10 0.6 10d;

HE 12770, 045008 1. 5 F 10 fEE M EAE
dy I, BRY B S S &b /KE R S o B 3.33 kPa 3
% 13.91. 13.58. 12.97 kPa, 7EHFLBR/KIE /74
J&, 09637, 5.61. 453kPa. 43 LN 1 1% di-
M RZ%a N 0.6 B, B B oRFABERN 1.91.
1.68. 1.36 fi.

5 ~
—o— A06DI
—=— A06D5 -
< —— A06D10 -
& 4
BN -4
R g1 ALK
2 L I
&
1., 1
0005000 7000 T HZKIERTEL
40006000 v
IER
1 1 1 1
0.0 02 0.4 0.6

A= E % w/d,

B 12 AFERSTEE 6 HKFRLA o B
Fig.12 Variations of horizontal stress with
disturbance range @
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H T LS A 5853 R, AENIRENEE
Bl mszm, Sy EMARREEN T, Fi Bt
RS JEBIK R ) o (AT A — A Ab B . 750 5350
NGS5 fERN 10 fE5HEAR o) B, U —A40 8 T EE 43 1)
9095, 0.71 #1037, KAEAFRBIOTAT, ¥
LR 7R P2 AR AN AR BE R, an &l 13 o

1.0

LI/ At 5% 16
— ik

o
%0
T

HA— AR AT o 0,
o

04 |
by=—0.064
R2=0.99
0.2 1 1 1 ]
0 3d, 6d, 9d, 12d,
HahiiH o

B 13 NEYSHTEE 6 TR
Fig.13 Reduction effects on different disturbance
ranges &

& 13 TR, PEahve O X555 R AT
N, RERMERUNMIES . b ZoRONI R, H
KA G IKREE:

by =20 =a,+b,0 (16)

Oy,

0

KA a, F b, 53 WG 0 52 i) th & & &
B EAFOT, o, AET JEMMAKENME, T
Oy FARIEOBUE N 0 B, BIEREIBNTENL T IR
o WA RE a, F1b, 73 HUEN 1.0 F1-0.064.
3.5 WREMBY RTRma R A

BT FIRMBE R, SO B LA
FHIE, BIGEYKRE 1 AGe 5%, A RSP
LIRE IR G A A E AR R 52
3.5.1 Hy KA

WEA K L =30 cm, FEHH BAINERE (H
WEWAIME) di =16 mm, FFY BH#E ds =32 mm,
BPEeH 14 e =1, H59 BURHEE B HE53IA S om.
EARTHH, SBHY BWKE [ & ok
Rt KD, Wk 7 s

TEARFTY KB TR, B 14 R TR
fi#k U ST S R R4 . 241 73708 6. 8.
10, 12 cm W), WBRGTIHE A 175508 183, 15.14
16.5. 17.2 N. 7E 4 HBHL T i F, LOSRS KILH i
REEE S, M1 6~8 em I, PEE 11K, U

BN 2 1R 8~12 em I, [ K, U
R DN

R£7 AEHFTKE 1 SESED TH
Table 7 Numerical simulation conditions for different
extrusion lengths /

s W% dy/mm PR 4 e P K l/em
LO6RS 16 1 6
LOSRS 16 1 8
L10RS8 16 1 10
L12R8 16 1 12

10 ‘)

—— LO6RO8 S0
.......... LOSROS Y

8 ---LIOROS sy
§ -.- LI12RO08 Ay
S 6 r /,/,
2 iy
= 5
= 4

2+

165N 172N
151N
183N
0 ===" 1 \ \ /A/ )
0 5 10 15 20

PETOfF 3K U/N

B 14 ARG KE TR V- 6 fLk
Fig.14 Curves of pile load U to top displacement & for
different extrusion lengths /

EARFEMEY KE 1T, NTET Sk
ARSI AR, K L1ORS of J82 R T gy 2 4%
JIU MG R LAE A& 728 15 1,
B 13K, UL REILE V7 R Y
I=6cmitf, U/UBEKIME, 71.109; % 1=8cm
B, U/U, BU/ME, 8 0.915; 241 7F 8~12 cm I,
a3, H— BRI R U /U, AR IR,
HIEIREaS g R 1, #E—t 5 18] )
FEAE TR R, 559 Boal S A r MRE 7034 hm,

—u— G

PA— AR BRAE T fir 2% U7 U

0.2 0.3 0.4 0.5
ALy KR 1L
B 15 By KE I RARIEW
Fig.15 Effect of extrusion length / on bearing capability
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RERE U

MEHZ T, B KEI=6cmi, BRKER
AN, AHREBEARI I B IR R, R, TERAE RS
TR RIS, b - 0 BT ) T A7 76 5 R BT DI ),
BTk, 7EBE 15 A1, LO6RS FIVA—Ab A Thifaf 4 K o
TESPoRE I, ARIBEBMIFE 7 & A
TS B MK — & XN, FEST #m
B2 Mgy s BUW BT 0D, RN B
YUk D¥EIE R, WaPiik f N F, 7ESERR
THEH, EHERE L
3.5.2 BRI E R

N1 EY 5 sz, REFFHAMS A
A, B ROEK L % B8 30 cm, HE4E d) = 16 mm,
P B 1 = 8 em, FFY BRS04 i 1 N
5cmo ARG TN ¢ 5 XS5 03K 8 Fios.

8 AR B WA TR
Table 8 Numerical simulation conditions of different
extrusion multiples 7

T BEAR dy/mm BRI FI K lem
LO8R4 16 0.50 8
LO8R6 16 0.75 8
LOSRS 16 1.00 8

EFANFRIB 5% e, fE5Y w5, K164
Bl T HY B AL S KR ) J o k. B ¢ 1)
¥, o FIEAER K. 75 ¢ 43518 0.50. 0.75 A1 1.00
FAMEfE dy 26T, o BB FFER AT 3.33 kPa,
RAREATELE 544, 5.61. 6.37kPa, oKL A
1.63. 1.68. 1.91 f.

4 -
FLBR K 730 H b B
l l o LOSR4
g 3F Xg v iV o LOSR6
@y Vi
BN o1 i v LOSRS
E o%lo! 1B g,
2 Yo B
N g g =
r‘rr ﬂ“ Rd]
= 1 g HET R
0 1 1 1 J
0.0 0.2 0.4 0.6 0.8

IH—ALALH uld,

B 16 ARFY G FIKFR I o
Fig.16 Variations of horizontal stress o at different
extrusion times ¢

FEARFRIGY e T, 23— AR
N 4AE o, S5 R e E o, ITEUE ks, GlAl

17 fime BRI ¢ BUE R O I, RoRREFH 1EH,
ALy EEBRAEL A 1o 8 T 2 1 R B0, 5 B
FESL ¢ PSRN, ¢ (RS 2R E ks O

by =2t =a +bt a7
O

K a A b, YNE 55 ¢ e h R A R 2L
S A BUE N 1.0 A1 0.892,

225
m Fry i HdE
] At 28
200 A 2k
ey
e
R | k=g by
& 1.75 o
% .
S 150}
lﬂ a,=1.0
1.25 b,=0.892
R2=0.95
100 1 1 1 J
0.00 025 0.50 0.75 1.00
PRy 58 e

B 17 AR &5 KR
Fig.17 Effects of different squeezing times ¢

EAR BB 558 AT, B 18 JaR 1 HETH
i %% U 5HETAI R 6 Rk R4 . 78 ¢ 737308 0.504
0.75 F1 1.00 fEHEAR IR, IR PRGTIR A EL 15501
9103, 13.5. 15.6 N. 7E 3 A ToLH, BEEST
P50 RSN, U BWE K. ¢ 025 fRRAR
0.75 f5 41 1.00 f&I5F, U 0 5l3 T 1 31%H 51%.

o . 1 2 3
1 —— LO8R4
s L 2——LO8R6
3——LOSRS
£
£ 6t
z
=y
=S
2 L
103N 1B5N 156N
O 1 I{ K 1 { J
0 5 10 15 20

BETHAT 8 UN

B 18 ANEHY EH TR 3 U- TR 6 fk
Fig.18 Curves of pile load U to top displacement & for
different squeezing multiples 7
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PR T xR . FEEMERI ST, RIEST
BUWARIR S LB A B IR, S BHT
PR ) RIS ARA R . e RN,
BT BRI, REHT A 25, IR E
TEVHEAR IR PUIR AR T, i RS .
1E FIARIIRTIH R, SRR KB WEN, R
DA RIGW 7T, Kb it S5 i R
4.1 BT MIHRE T

BT HUERIL 75, O T ARG R R &
BN R 1) R S s, AL T HE R R
W 9 Fior.

R MIHERPMKANX

Table 9 Influence formula of disturbance factors

PALLES 4 I MR R YA
k, datP+ ba a ae=-0.78, ba=10
ky ao+hol 0 ap=1.0, bg=-0.064
ks a,+ bt t a,=1.0, b,=0.892

B 3 A R ks ke A ks, BES NERDILED
RHE

¢ =k, (18)

H T FACHL AR I AR 0 BE A BT
WIRARE ) T A5
I'=B+P+B+G

b BOAAERY Bt —E SR AL B 715 B oA
Bey S m B PLi SRR3R 1 BN B BobE—+
YY) SR ALOMIBE s G N E JE M BTHoR iR
KT

B Bt — L S SR AL mIBe 7y P,

g=mn@QgM

A f, B B A ST R,
U fE :

(19

(200

L=<, Q2D

Sl CF<n'Ton
<f2>={

(22)
UTmax’ é/f; 2 U'Tmax

KA [OOSR PR ' A f 5WE
M=K e d AR BTV SR L 7,0 B EUAEL

FERGFLTH2 56 LiE 3 H, ANl fo it A4
o, R a, EESAIE 0~0.6 Z[MEY;
HIEEOTE 3.5 ALY BbibAe oy 72 401 R Er
PAEE AL, KFHAAE 200~300 mmP, [Ft,
PR 550 ¢ 7F 0.2~0.5 208 7EIE) R ¥a.

PBHEH oG (5K HBEX TN, 7505 E 3
MKV, TFRESHUIUERE T, FITR 10,

£10 ARKPTHT IR RMEBRE
Table 10 Values of disturbance factors of extrusion under
different levels

K a 0 t
1 0.0 0.5d, 0.20
2 0.2 2.0d, 0.35
3 0.4 3.5d, 0.50

MRAE EA i it R B, SR 3 IR 3 KT IR
TR Lo(3%) (e, 9 FoRIF RN IREL 3 3%
N ANRERRK L R 3 FoRREREHD. i
BRBINGH S R CE, Wk 11 P, H,
Gn'T 1~3 RoRFUM A R KT 95, 3765 TP A
DNAZIKP R L TR 3R AR R AR EUE

11 FIMHRPSHTHE
Table 11 Results of extrusion disturbance coefficient £
AIFSES o
ETRE] H s 74
a 4 t
1 1 (0.0) 1 (0.5 1 (0.20) 1.14
2 1 (0.0) 2 (2.00 3 (0.50) 1.26
3 1 (0.0 3 (3.5 2 (0.35) 1.02
4 2 (0.2 1 (0.5 3 (0.50) 1.36
5 2 (0.2 2 (2.0) 2 (0.35) 1.00
6 2 (0.2) 3 (3.5) 1 (0.20) 0.98
7 3 (04) 1 (0.5 2 (0.35) 1.11
8 3 (04) 2 (2.00 1 (0.20) 0.90
9 3 (0.4) 3 (3.5 3 (0.50) 0.98

e 3 (0.4) 3 RREMBERIK TSNS, &5 HEUENIZAKT X
2 PR 2R PR R U

MRPER 11 MgE R, FEARK BT P E it
(it T, B AL A R B T 252
MIBH 559 P ah R ¥ BUETEE AT 0.90~1.36
Z &, w19 . CHUERKR, BifBkiR. T,

1.36
1.30
1.25
1.19
1.13
1.07
1.02
0.96
0.90

e %

B19 By s R mER

Fig.19 Influencing factors of extrusion disturbance
coefficient £
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LG ¢ BN, HMERLP TR LB A R ) B
s, Kk, 7EAFFERESITIR, FESBEER
KBy L2
4.2 THEMNH

WFE W ARIIRIL AR H , R AR
WEME IR . FET R, e A
X (19 BIEHE.
42.1 THEZEHI

P TARALT B i ARIC X BV VL e I B,
VO R SR X 4. FLARAL B W1 20 s .

otxirn | myEmrb)

HRILIX Q
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b
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Fig.20 Location of the west bank city

Dyt SRR A NN R, MBS, 7RI
150 m IREEVE RN, EEEER SN 11 K)ZE, B
d ORI R R, N N e R A
PR 24, VR 21,
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O3 [ e | s
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o
/i1 59)
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|
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Fig.21 Profile of soil layers and trial piles

TERMERERN, & LENEE 2. %
R A @ T L y 51 T35 12,

FLik BE R B4R 0300 mm A0
B, BEBERIAME dy =300 mm, EEE y=14 mm,
ARMEK L=38m; F¥ B EAT dy =600 mm, £
KEI[=10m,

R T IR KB B E BRI B Al LR AR 2 T
BT CRUIEATAT M A BTG (JGI106—2014) B3,
SHRIGHTY -1 ABFY -2, FF PR E AR .

E AN

®12 TEYENFSHEER

Table 12 Physical and mechanical parameters of soil layers

+Z z/m ckPa  @/°) y/(kN <+ cm>)
O s 3.0 - — -

O FFkm+ Tt 21.0 47 28.3 17.9
@RISR TR L 5.0 10.8 14.6 172
@y e F L 8.4 10.6 113 16.7

@) B R 1 4.0 38 283 18.3

®, # L 7.6 143 16.1 17.6

®s bR+ 8.0 147 189 17.6

(ORYy Vit -T=s 2.0 16.1 18.1 17.7

MY HE-1 g BT E U = 2 640 kN B,
ML AS 53K F] 100 mm, RIGH 1L, )W PRAZ
7192 480 kN; UHEHYHE-2 INE BT U =
2800 kN Ff, &=101 mm, R 1k, HE R &
N 2640 kN. [FIEF, RAFMIFEAR, 5IA
Py sh /%S ES iR/ ME 0.90 Ml KA
1.36 BITEHL T, THEARR BTk &SI R RME.
U - &g 22 s

120 —m— b1 ; :
—o— HrihE-2 i i
100 | : :
- — R -
E 80 Bep b1 FIR :
3 --- BrbE-2 BRR . !
S O60F - bk TR A
= 2lado |
20 2304 | 2805
J 2549 /3080
0 1 1 IK ]
0 700 1400 2100 2800 3500

BETHAT 8 UN

Bl 22 PrigiE AT 8 U TALRE 6 5 R 1 4%
Fig.22 Curves of model pile load U to top
displacment & for trial piles

4.2.2 AT

AR Hh Ik = (19 3 £ S HOR AR B9 N E BE R
b, B Ish RN 1.0, WRIFh N IR BT
BE-1. BX9 082 M mbnihoka ), iHEE RS T
130 SR, TEHIN AR IR B E B Bk
FRARER 17T, BONERR, RZETE 15%LLN .

R 13 ABHHHGHR

Table 13  Statistical results of bearing capacity calculation

S SEIEAN HEAN  BTIEhRSE RE%
BE k-1 2480 2418 1.00 2.6
Bra k-2 2640 2672 1.00 -0.1
BrhE-1 2480 2304 0.90 7.6
BrmE-2 2 640 2559 0.90 32
T HE-1 2480 2825 1.36 -12.2

By pE-2 2 640 3080 1.36 -14.3
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BT ol I T R, A R -1
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Fig.23 Curves of axial force F distribution of
trial piles

Pry R SR 2, T E R B AR
ARETT, BT MR R AL AN REE s RIS
TZHEN TN 32 TR, E 28~38 m [HHYT
BeIXTa], SR HER ) MRS R . RS
BE-1 5502 #hk, TR el sty BUll B iR
FER xR, KR AGRIE LR
G B $YHE-2 BN IE LK

NFIF BRI T HE A, A5 a TRES G
CEFIEAAIMEAITE) B, RTHY 8 R
S XTRREE R EWE, SR 14,

£ 14 ARLEFHT MRS WEUE
Table 14 Values of the extrusion disturbance coefficient
¢4 in different soil formations

+)Z a 0 t I
G mEEt  04~10  05~35 02~05 120~136
Gy BHEEt  02~04  05~35 02~05 1.00~1.20
ORY it 0~0.2 0.5~3.5 02~0.5  0.90~1.00
+ A
5 én 4

BER A F U T R AL R R X, PR AR
Gy HEDTHORENERE LR R R b, KT Ll
PRI SRR H T RRAE S I E A R I
w6 $El V't rik, TR ikRE
TR T RS LSBT

(D) LLE#HEG, ZH AT 5, 51 AIs)

REMEE, $EH 7 HREIRBN RN e i R 2 S = 4
JE AR . ST CASM-DSC B, T 5@ 8 e hsh
et 2t ) e AR, I A AFGT e 2 PR 2]
SEAMPIRAS I A . AT R 4G CASM A1
B, AU —HM R 25, FINR ER -5
HIB 1) IR, BRE T 4 [ M 2 Ay AR i T
WA NI IIFAT A

(2) DABEJE I s A7 8 B 1R R
AR, FFRBUERL, R € &N
VP T7E: BB RS KR $5 i Eo it
Uikt RE R, AEALAES 45 AR H AE Lt LAk
FROE, WnfE—EJaE N, WERPTHRB I IBEHY 4
KERRIE “V” 7RI 5.

(3) FHEMsh AL B EMBT i E 5%
W, PEHPY ) RE, BIERTHRTFE . fE
AT T R IR, $0AE T kit
TERIA RN, THEARZEEHITE 15%0l; T
AR TZ, SHEARLTESRSY s /2500
AWIUE, N TR S A TR AL T S
%,

AW FCIE I A AT B, e B
VRS T HRBNN, (HAEIIZ RIS T, AR SR IR
FEE W B I DN T ¥ o S SRR T 0T 5N BB 25 5
WA B AR RS, MRS N 3784k, BT T
BNIX R )= A8 oy A B, E e A 78 RS FE
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