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Abstract: In densely populated urban areas, large rectangular pipe jacking projects are becoming increasingly popular. One of
the most difficult aspects of the pipe jacking construction is to control the deformation of the surrounding rock. The impacts of
four major construction parameters such as earth chamber pressure, pipe-soil friction, grouting pressure and equivalent layer on
three-dimensional formation deformation are explored using the numerical simulation and field monitoring on a large section
rectangular pipe jacking project in Tianjin. The findings demonstrate that: (1) The earth chamber pressure and grouting pressure
are the primary causes for the uplift of the surrounding rock mass, and the gap-filling degree between the pipe section and the
surrounding soil is the primary cause for the settlement of the surrounding rock mass. (2) The major causes for the axial
horizontal displacement of the surrounding rock soil are the pipe-soil friction and earth chamber pressure. The surrounding rock
soil is exposed to the same shear and extrusion as the jacking direction due to the pipe-soil friction and earth chamber pressure.
(3) The surrounding rock mass moves to the outside of the tunnel due to the grouting pressure and pipe-soil friction, resulting in
transverse and horizontal displacements. The surrounding rock mass moves to the inside of the tunnel due to the gap-filling
degree between the pipe section and the surrounding soil, resulting in transverse horizontal displacement. The findings of this
study have significant implications for the formation deformation control of large-section rectangular pipe jacking construction.

Key words: rectangular pipe jacking; construction parameter; deformation of surrounding rock; settlement displacement;
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0 35l = . Mk e A T R S R, TR
ARk, BT I T HL T 5 A e R R, - —
SR TR U G T T e T . 22 5 . b f

EeWH: ExRERBFEEHH (51608442); Bty @ MRR Fi
£ H (2019JLM-56)
s EE: 2022 - 09 - 23



248 "+ T OB % M

2022 4E

EPRIERS, T F2EIE R R B I A AR K
Pesh, BAENIPRESRAESE, 1R R, FEXt
JE L M FHAT S 20 R0 4RI g S A s i B4, TR i
HIF 8 TS It 1 5 | 5 AR AR FE ML S AR T 42l B
AR R A R T T 3 T R A A R K R
5K Rk E EEHESER .

N AR ARG e o TR W N Tk SEh A= 41 OF)
W S HUE RIS, YOI i THLsh AR 1)
SN LA 2 s R T T TR T o 0 R 5 Mg Tot A 4
B FE P P HER AT 2 AT I B B BT B
it Tyt BB BR0 fE B [ S50 R B, AR 2 AR
SE YR I BG4 St AR K5 ie . iR
BRI R I% 5 AR KA R 46 5 THTE A2 T KW
T AR TR TR e T J) BRI F s i), R T 4t 5
T 2R R R I 0P A TS 07 ARt
B o T e S SR it Tk wp e b J2 A5 7 1) S
REEESR, T i THAR, FEINSREE
R . (CECS 246—2008 25 7/KHEK TRETAE HoA M
F2) UGBS BAE T, RALTEE R iEH S5,
A3 E AR TR o AR RN - fe & 2 51
P mEpER ) R EE R, PTG AR,
LI INZA B B R SR AR A . BN
WM TRIHEDE, TSNk
IR R S A LA AR B (1 77325 . v UG
FHORSCHRA TR il T 512 Bl s KPR (i
A D AT HLEE At 2 AR s i it i T K=
FIRE T 58, E IR RGBT 0 it T 51 A b
JZ 25 0] = 4R AR FEARAIE 2 S it T2 50kt e ok Le g

B o TR S B it T 2 B0t b J2 4 ) = 228 F 82 i
), IR EERBmERE TR, KA
FLAC™ HUE A, B 7 IE b Tk fe, xf ot
T BUE AU D7 I 2 2 0] = AN AR, 5
WE T BUEAU VR A i, R b, BT
REHEJI. TR TT. B LR DL R SRR R S S it
TS H05| E i 223 W] = 4R AL .

1 IEBMRASHESRE

FHh R i A TR T R T
WA 104 m, "N 7.55 m, BT 1.5 m,
J£0.7 m, BEARILE 1. BANTEBEELK 93 m, H 62
WEFHK. TEETTHELEEL N8 m. ik
i R 7 il R AR T T 8 0 A VR 5, R R
FELE N C50, PLiBZEN P12, HIAE T E 20 1R
DN50 SR B . &2 MR &GN F 2EkiE
oo BHHRMEE T Z2NiIKIER, AL TISMI
P AR 1482 TN IR 505 7KAS 1 P 1D B 7K A R R

)2 = e AR R B R, 2 SR AR & s RN
Zerp, ECRAIEBARG, LR BEIERSTR S, B
BEIE# A% T,

GISOBERET  DNGPR - BRERE REA : mm
g
HidEERELIR g
(?I !625!750I !500!750 I750i75 !750!500I !750!525! &) 0
% mEE | 4> ®
s e A
— i
I T =187
5l 1z St
% i % g
¢i62'i750i I500i 750i750|750i750 ?OC! ‘750i625‘q2°0 =
L T[] gl
700, 4500 4500 700,

b 10430 =

E 1 EETEEIEITH AT
Fig. 1 Details of cross section design of pipe section
THUAET It T 37 b 22 0 5 390 1D e b 22 R O3 A O 3E
to Fik B RELE D WERE L. BRE L.
b Bt BEmEEIL WK 2 (@) Pros. EE

o
_5f E////t/// j

WEEm
B85
BWIE

IO 7%+ s - B
(a) Hb 530 i Pl

10 25 40 17 19 21 0.10.40.7 4 12 20 5 20 35 1.52.0 2.5
L fr

it o u o
-5 ) ] e} £3 K 3
AR L 1 [u] ° [] o + o *

[] < -
L] < *
| ] o *
L] o *

o- R, wp(%) —EEykN-m?) o—[EERMa, o WR, w(%)
— BB S1c(kPa)o- NEEBEM 0(° ) o—RAFES, o-Ti

(b) A—AFIT %2 1 I W HL 24485

& 2 ipthsi

Fig. 2 Site conditions
Kl 2 (b) #5IR T 37 Hh g1 78 Wi -2 L B ) 2
PERR . U2 B EDE R a, N 0.09~0.71, JAYEFE
L 58 PR T 48 2% m 8 071, 0.51, ¥R
F0.50, BT mEgatt . 7RIS T2 Xk
TELEME L. BEE LT WRRF L. B
T REE S BT 20, BTFRREHL. ZXIK



H T 1

IV, G BRI LSBT IOV R 3E B A T ) 0 249

TARBER 1 ¢ N 11.3~16.1 kPa, N EEHE M 9 N 8.4° ~
14.4° o TUEE W TRIERE RS L EWN, IR
FEFLBREEy 113, WHEIRECN 1.28, 48 RECH
0.71, REFFEHN 2.4, FFKII N 11.3 kPa, WEEEMHN
8.4° , BT KILKR. WMaRA. mEAME. bR
o IR R LA, BIRECR, BUBY SR K
B, YR A

2 FERIERESEF R TIENSERE
2.1 BERBSDHAE

PRFTR I FE I I TV Jt T 589, 3 id FLACP
BUE TSR = 4 LT, i 3 . A
JR~FA 80 mX 60 mX 52 m (XX YXZ) o Sk H e
B E Lk SAUR S EE . JTE k. etk
FITBIUIRHENL, ANy 6 m. B SHEE L
A AR P A 1B T AL, MR B 1 P O R
FENL = YRR SAUR RN 0.12 mlPl, AV
KN 1.5 m.

= Eﬁliﬁi %ﬁ% ]ﬁl’g’ ﬂ‘i‘lz‘ij:ﬁi

Wl T TTTRTTTTOTT T T T

) 6

B3 i
Fig. 3 Numerical model

Hiy 2 R AR A A5 B SR FH JRE 7K A B AR 5 28 A5
AL, fdE = PRI EE (B 2 (b)), AR Z B
BESHnzk 1 R S 3ENLR FH 7 A4 5 e 1) SRR A
JEREE N 0.7 m, N 78 KN/m?, 3 AR &N 206 GPa.
TR AE LB SR FH Sk B e (M 2R B AR ISR, JERE R 0.7
m, HEN 25 kN/m’, SRPERIECH 34.5 GPa. H T H
L2754 ik SR FH Ao ) B0 7 PR B VR AR AR AL SR A A i L 57
T AR 3 30 o o ] DX F s 4 A Ay 120 MPal®l,

T TAR ) R T 2O LA R 1 TERIE T
FRZULETHEAE N EE ). LR R
2 T Jit 0 e TE AR AL o 33 3 P 7R P A B ] T it
I0AZ ) Th AR AU o 7B 15— BBl 1) B e R P AT
AT RS ZEI . B 5 EE M EE TR
FAAERA 1) FF42 Tt i) i) T AR 40 BB AL 53 R
3 35 ORFEIFHZLAREIT, FEFFH2TH e iy 1a) T AR
1~ BOEFER TG, ST AR E . AR
JEA. PEHEHLANE (KERN 6 m, 4 NMEFKE) . @
PHIBRYEBEHLE 4 shell BT 1.5 m, HFE—DEHKE

RV, RIS TR S P AR AT, 2 AR
I 1 58 BT QWIS SR SER LT
AT BT BTSRRI, PRI SR T 1Az
AR PRIRCL LR ER, B A4t it T 45

x1 WEMHESH

Table 1 Parameters of formation materials

ZhEx L B
ik RE ERE ff %i P é%%
IR i 3 A
2 H Hm /(kN'm?3) kP2 o/ ) K/MPa MPa
Bt 15 197 50 342 16.7 56
Bt 21 195 150 110 10.5 49
NN F'T%
BRE 45 188 143 144 12.0 56
+ 1
iyt
G 18 177 113 g4 8.0 3.7
TR B

T 12.0 18.9 16.1 142 345 16.3

B 35 206 82 305 2745 1271
kit 59 202 77 314 2533 1175
il

- 8.2 20.6 15.5 270 132.0 61.7

2.2 WETHFHESHIETESERIEIE

K 4 Syt R A AR L U E B R KT AL RS
M TR P BUE T 5 S B I I LRk, wT LR
B ORI . ORISR v 585 R 5 L7
ZIRBON— B, MRS KRR BRI K
AL RS S i 2R S B T R AR 5L A R
A IR T A TREEERAINEN S B S
Rk, TV T T 51 R AP S A TR 2 5EE T
Behifho

2_
0_
ok
4+
-6

E -8}
'B‘l( _10 -
%—u—
~14}
_16 .
—eo— FIIEMIE
_18 i 1 1 1 1 1 I_Ol_ﬁlﬁﬁljuﬁl
200 8 6 420 2 4 6 810
15 B KL /mm
(a) WrERE AR
3 —
0 .
3L
_6 .
£
B o
% _hl
-15+
181 —e— 3 WL WAE
1 1 1 1 I_O_;ﬁﬁﬁfmﬁ
2T 0 2 4 6 8 10 12
B KA RS /mm

(b) BBk e



2022 4E

250 " + I B ¥ #H
8 -
4
0o+
4L
& 12}
B 16l
' 16
=20} /
i As
sl C —e— B
32 1 1 1 1 1 I_O_I &ﬁﬁ?ﬂﬁl
B -50-40-30-20-10 0 10 20 30 40 50
B 1K B B /m
(¢) HITHE

4 BEHESIAEN BRI
Fig. 4 Comparison between numerical results and field monitoring

data

3 Xt TSHETERENM
3.1 XEmISH

T M TR, 0 BRI A R AR ).
P AIPINE TN il F S SRS e 8
AL AT o 1 5 TSR 7 00 B4
VST B2 b

n=—- )]

O
K, FoNEMET), o, NVIGGRHE ZAE P35 K F
2 77e e ) OB TS it Tl fe b 2 5 R AZ P
FESL, Zn KT 1, TUER AT RIZIRE, 3
n/NT LI, TR I AL TEHZIRES .
TSR ST EE A R R ) 5 7 MR e B
jjz, tt:

l: P ’ (2)
O

K, p NEKIET), o, RETT EEMZERERN ],
HEEN, ABMERT 1.
HEREHEL B2 AR B E 0 5 S B
TEPE A MR B R X B
_IE
ﬁ'_lgl% . 3)
X, ENERZMERE, E NETTRE Lot
. WEEN, pHUENT 1.
T TR A SRR 7, — 8 A1k i fH
71, o AT B T
F=A-F,+F )
K, FORTTD, A NRHVLIER, F A
TZ BN EEE T
F=C Lt+o-f-L , (5)

A G WET BRI L TR « VE

RN IARKIEE N o NETRAKENER; [
N5 BlE LIRS R

t=f-0c , (6)
Xrh, o WETTREEEME ).
f=tans , (7)

X, o AESEE LA N EEM. BEEN, o
B 1 J R A P R A IR — 2, Ry /204161,
3.2 (@IS ETH N
TE U B KRB AR, Sy s KA KA 7
SRR L, So i Kl KA S ik
S ATV vl = = 1T N RS N 2 by s AT
M B 5 Fros.
0>ﬂﬁ' M SR B T
7 | |
_mmm¥ﬁ@mmﬁmi iﬁﬁm¥ﬁﬁ%ﬂﬁﬁ
j2m 2m,

5 b Z I NI T

Fig. 5 Monitoring sections for deformation of strata

+AeE ST EUE S BN 0.8, 1.0, 1.1, 1.2, 1.6,
2.0, FEIIEIILA 1.0, BEERECN 0, FREHE
teo 1.0 B 6 AR A6 & 77 E i B O p% i) 5
B A 7K A DA e KA A% LU AR, AR & 7T LU AE 0.8~
2.0 X[ ASAL I, M B K PTRE N -5.9~5.5 mm, K
B KA S N-4.4~15.3 mm, KRR A K FA R K
-1.21~4.35 mm. KN TEIELES), FZH
R N3 IS AL 7 1 e b/ T P i N VA B |
STt mra e, MK g s, -
P 70508 Ml TR A o) 5 el 1) 7K ST R (1) 5 ST 35)
FLEAN 11074 2026, HAEE K TFERIELE S, JF
P2 ARG LN, PR RALRE, Fhim K
NIRRT 7 R &, R R KPS 1) 5 45 A MINES &
K&, BEE LMK IR, = A7 R,
LA AR TR AR e KPS ) e <
BILAE N 12 0.82 0 7. LM S/ TE bR IR,
WBolRE AT, k2, BalEERmAe.

HRIEEBUES SN 1.0, 1.1, 1.2, 1.3, 1.4,
1.5, 1.6, LARE /LN 1.0, BEEERECN 0, SA0ER
N 1.0. B 7 AANFEERIE T TS . Aa)
58 m) A2 # DA R S R AL B A, 33 3R ) HUAE
1.0~1.6 X [AZSALIT, Huf & RPTF N 0.9~6.5 mm,
B KA N-4.2~5.4 mm, FHABEEKFEAr
9 14.5~33.1 mm. W& TAKERT BE L



LR RIS

S5 8 RHE I TS U T TV BE 18 B A TEA% 1 3 251

JZRE 7, BRI E T HR T 1.0 B IR E 77 Lok,
MR B IGK, HALE AR TR Ly BT AL,
BER KPR R, BBl AR S22 5 170 15 /M F%
R . IR IR A R e KA RS
ISy 10 7.8 0.83. {ERIEIKT LB
o= AL S e oy T S 1

5 =
4 -
3 -
2 -
E ol
< O0r
8 4l
k= ok ——n=0.8
g—ﬁ' Sl ——n=1.0
=l ——n=1.1
- ——n=1.2
-5r +—n=1.6
:3 i 1 1 1 1 1 1 r’_2 0 J
-50 -40-30-20-10 O 10 20 30 40 50
A ] 2K BE 5 /m
(a) BmHiEe
0 -
s N
T m
15k
£
=20
% ——n=0.8
=25 ——n=1.0
| — =11
-30 ——n=1.2
—35} ——n=1.6
—40 L I L L L L 1’,:2.()'
-10 -5 0 5 10 15 20 25 30
B 7K AL /mm
(b) B KPR
0 -
5k
_10+
_15+
£
20 F
KJ&—25 -
30}
35}
_40 1 1 1 1 1 1 J
-2 -1 0 1 2 3 4 5
B 7K S /mm
(c) BEFKEALE
1ar —e—3I1
12t So—s2
10
2 4l
i)
2 -
ol
_2 | | | | | | )
03 06 09 12 15 1.8 21 24
TaEIrtkn
(d) BN

6 TRILMENLLHMEERSRAMBILE
Fig. 6 Ground deformations and maximum displacement ratios

under different earth chamber pressure ratios
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Fig. 8 Ground deformations and maximum displacement ratios Fig. 9 Ground deformations and maximum displacement ratios

udner different modulus ratios of equivalent layers under different friction coefficients
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