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Abstract

Tri-axial cement-mixing pile (TCMP) is usually used for soil improvement at the place of bored
pile (BP) driving in order to avoid caving. But it is known to all that TCMP shall lead to rather large
movement of surrounding soil because of the high grouting pressure and profound disturbance
when TCMP driving; the BP driving shall lead to soil movement as well. As such, all these move-
ments must be controlled under allowable level lest it should exert adverse effect on adjacent
subway tunnel, if any. As a case history, this paper presents a comparison analysis between three
dimensional finite element (3D-FEM) simulation and in-situ test, which is focused on the effect of
consecutive driving of TCMP and BP on adjacent soil and existing shield tunnel. This paper also
presents some knowledge drawn from above comparison about the behavior of surrounding soil
due to TCMP driving, and gives some constructive suggestions from the view of tunnel safety.
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Figure 1. Layout of subway tunnel and pile foundation of bridge
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Figure 2. Profile of subway tunnel and pile foundation of bridge

2. A SRAEE N SR BEE A H E [

Table 1. Table of main mechanical properties of each soil

F 1. FLENEFENFEF—ER

I pR b HEAE 237 Z50(10°° cm/sec)
LRFERAR EEm) AL (N/m’)

C (kPa) 9() Kv Kh

O #+ 0.9 10.0 11.0 18.0 / /
@ WmERiL 1.7 19.0 19.0 18.5 2.74 3.69
® m“%ffﬁ?)ﬁ 5.1 14.0 18.0 17.8 15.4 21.0
@ JehprH L 4.1 14.0 18.0 18.3 15.4 21.0
@ YA FURE t 6.7 11.0 8.5 16.8 0.158 0.44
® 1 #it 9.0 18.0 18.0 18.9 2.19 2.95
® 3-1 Bkt 23.5 19.0 22.0 18.6 423 5.34

4. ZHFRTHBERMITE
4.1. ABAQUS BRIt iR &

AR ABAQUS =4EAT IR TG /0 M A HEAT AR R B E A S AN 7 #
ABAQUS 7& SIMULIA 2 "] 4EG AT HT AR AT BR T o dr Bk (6], #E Dk F AR 55

DOI: 10.12677/hjce.2020.99090 856 T ARTHE


https://doi.org/10.12677/hjce.2020.99090

R %

BT ZMNHE, ZHRAAEARR ARG I RE ) B

ABAQUS A — 3R AR K 2 B LM AN ARG 0] /1 73 il : ABAQUS/Standard, AR SC B R FH 4%
YoRig. s LLaT AL B ABAQUS/Pre FlJE AP ABAQUS/Post /MBI, 43 il e A 70 78 37 4
SO BT HEAT A AL T AE

A L TREMKNE, ABAQUS A& F & MAMBE R A (kP . H B BER R,
Drucker-Prager 154!, Cam-Clay f2(1& IESIMFBANEE, W] DU K 2 8RR BONHERR I H A . BRIt
ABAQUS #AF33] T TAEFAEAR T2 S AIA T .

42, —HBRTEE

K = 445 R T AR A i T A, FLA it TSR3 4 7 28 AR 3 X IRV & FO S 43 B, SR B 7 ]
IRAE PR oL, 76 ABAQUS # 4 Py B 1 T A il TRk FE . gk 4 th AR RS B L R & 14
PR AF A SEBR AT AR o ASUR 1Y) S BT T G AT A FUL 0 B A (0 it T 0ok R A A DA R e ARl
FLIEVE (¥t Tt A2
4.2.1. TEFXAER

AR SCE IHRAE TR T, SRR AR P9 B B R - PEARAE AL AT A4

JBEIR - B HEN IR -

T=c+o-tang M

H, —— KT E (kPa); v o—— AR 1 (kPa)FI N BEHE £ (°); o——1E N J1(kPa).
BEIR — JEARASRY i AR D bR H N -

F =%11 -sin¢)+(c0590 —gsinﬁg -singoJ'\/Z—c-cosgo:0 (2)

KA, h——RNIKER AZE, Hh—— RN KESR ATE, 6,——%EA.

4.2.2. ZHEEREAEANES 7L HEME T4

FEHUER A, TG L B BAR R 5 A5 DL FIEE, 100 x 80 x 63.9 m KTk, i 3
fian. LR SRR T C3D8R Hyt, B =48 )\ R AiFA 5 s BRI AR FLAE Y6 1 1) - 2 A
AT DA A2 0 S SEAR BT . PR TE 45 R R S 50, LR SR TE 45 i ek b i s, N T
BT, R b T AR S5 SR T 1A

T A N ELE AR B A AR A AT AR I R i P R A N
FLHETE MR K B BE A . FLrPObE AL M Th] HEZR AL MELE & 1850 KN /EHIAE S m x 6 m YG [l by Fi R ks
T IR E NG S BT AE AL T A, B HL 0.1~0.2 Mpa. 5 REAE W 7 4% OR B T, AUl T HEAE
TASKIAR AL B o & FLAE A3 BE YR 42 B N 12 kN/m® o 5 AL AL S 1 FLBE i 8042 55 /K IR 0 77 3 Ak
M,

PR AN GG FLAE (0 Tl PRl £E ABAQUS 6.14 fRAH, JF R A -5 2045 (Model Change)iX
—IhREB N EAE R . J8Id X —Thae, AT LU E X GHEAT “FE 2B R oA B “EIEE 7 1R
1B, IEFRFER TS TR E . FEBCRAE G Tk R b, K 75 22 50 R4 1 A T 1) DX 38150 B A mT g
RGBT R AE ), WA SE R =R I AE: R TR ARG 7R T R G i TR AR
FEH TG KT8l FLHE A 6 AL I 2 A A0 AR T8 R i

YA BRI E AR U 4 R

DOI: 10.12677/hjce.2020.99090 857 T ARTHE


https://doi.org/10.12677/hjce.2020.99090

R %

g !
T # i
AR i i

@A EJFR T

®uhlit

© < (@
S | IS8

Figure 3. Mesh of property elements
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Figure 4. 3D-FEM grid mesh
E 4. ZHARTITEMIE

4.3. BRTIHHEER

4.3.1. HHHER T SBIPETRKEARE

ZERERERERE 22 m, XTI BETE TR IR 10 mo 5 FLREVEREE ST T Mg Rt b e, B FLAR ho
WETE I St/ RSO 3.35 m, WAL 5 B o 141 5 NP AT T 28 10 RALE R, il R AR KK A% = 1A,
K6 B RERE T2 23 KRALER, L H AR =

DOI: 10.12677/hjce.2020.99090 858 AR


https://doi.org/10.12677/hjce.2020.99090

R %

Ul
+4.406e-02
+3.714e-02
+3.022e-02

+2.331e-02
+1.639%-02
+9.472e-03
+2.555e-03
-4.362e-03
-1.128e-02
-1.820e-02
-2.511e-02
-3.203e-02
-3.895e-02

©DB: dmbiS.0odb  Abaqus/Standard €.14-1  Men Sep 23 13:59:59% GMT+02:00 2019

% mpl0i7

Thrament 0 Step Time = 0,000

E T z «
¥ 2y 7] 141

Figure 5. Horizontal displacement of surrounding soil when TCMP piling to the depth of 10 m, unit: m
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Figure 6. Lateral displacement of surrounding soil due to TCMP piling to the depth of 23 m, unit: m
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Figure 7. Deformation of tunnel due to TCMP piling to the depth of 10 m, unit: m
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Figure 8. Deformation of tunnel due to TCMP piling to the depth of 23 m, unit: m
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Figure 9. Horizontal displacement of surrounding soil due to BP piling, unit: m
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Figure 10. Layout of inclinometer casing
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Figure 11. Site measurement and FEM calculation after TCMP piling
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Figure 12. Site measurement and FEM calculation during BP piling
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