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Numerical study on ground settlement and grouting pressure of double-
line parallel pipe jacking in silty soil stratum
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Abstract: Based on a large-diameter double-line parallel pipe jacking construction project in Hangzhou, the software
Plaxis 2D was used to conduct two-dimensional finite element analysis on ground settlement induced by double-line pipe
jacking construction. The rationality of parameter selection was verified by comparing the calculation results of left-line
pipe jacking construction with the field-measure data. On this basis, the influence of grouting pressure and preceding pipe
jacking on ground disturbance was further analyzed. The results show that the silty sand layer in the area where pipe
jacking crosses is reinforced by Metro Jet System (MJS) method, and the soil properties are further strengthened. The soil
adjacent to the excavated tunnel can fully exert its bearing capacity. The stability of the soil around the pipe can be
guaranteed by applying only small grouting pressure. It is recommended to control the grouting pressure no less than 0.8
times of pipe top water pressure or 0.4 times of pipe top soil pressure. The soil around the pipe is disturbed by the
preceding pipe jacking and the disturbance increases ground settlement with the close distance of subsequent pipe
jacking. Its influence can be simulated by weakening the soil around the pipe jacking. The double-line parallel pipe
jacking project can appropriately increase the grouting pressure of the thixotropic mud to reduce ground settlement for the

subsequent pipe jacking.
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Fig. 1 Plan of pipe jacking and MJS reinforcement area
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Table 1 Soil parameters
B2 Y(KNM))  c/kPa  ¢UC°) Ry  E.gJMPa EsyMPa E,MPa GyMPa 707/(x107)
Ozt 18.0 50 150 0.64 8.0 8.0 24.0 40.0 32 0.3
@ Fpik L 18.7 9.0 250 0.64 6.0 8.3 413 34.7 32 0.3
@, pik L 18.9 75 285  0.64 10.5 14.1 43.1 55.5 3.6 0.3
Oy a- 19.1 7.1 284  0.64 11.1 14.9 443 55.5 3.6 0.3
@b pk -+ 19.1 87 275 0.64 10.8 14.4 42.8 55.5 3.6 0.3
@k e+ 183 109 265 0.64 6.6 9.0 45.0 37.8 32 0.3
T £ 19.0 80.0  30.0 0.51 20.0 20.0 80.0 50.0 32 0.3
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Fig. 4 Grouting pressure distribution

3 TiFIGE

R T W IR T i T ok R R A ) R T
B, £ MIS B0 & X A T8 Bl 26 5 A i 7 />
F TR WM B TRl (DBC-1—DBC-7), &AW [ ¥
B oA, HkumE S s,

JF,_#_

LT AT

DBC-1-1 12 13 |14 |15 16 17 18 19
v

DBC-7-1 7-2 73 |74 | 75

v v v Y \v4 % v V.
. g
=
DBC-2-1 22 23 |24 25 %6 27 28 29
\Y% v v N4 v v \Y4 V. \
DBC3-1 32 33 |34|3s| 36| 37 38 39 E
v 4 \ Y \ v \ v .
DBC4-1 42 43 |ah|4s| 46| 47 48 49 E
v v v N4 v v \ \% \
DBC-5-1 52 53 |54 55|56 57 58 so E
v v v A v v v v L
DBC-6-1 62 63 |64 | 65 ;;6 67 68 69 =&
\4 \ v N4 \ v \ A\ .

5 HFAREENSTFEmER

Fig. 5 Layout plan of ground settlement monitoring points
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Fig. 6 Comparison of calculated values of different shrinkage
ratios and measured values after completion of left line
pipe jacking

BE— X LA R BRI W4 R (1.5%~4%)
(B v B 5 5 % Wi S DU B, 0 T PR 2R T
Bk -5 BB i K8, BT DBC-4. DBC-7 5K
M KA S BEE L FN 1.5% W45 RO
I, AR 4 AW S B A S AT AE PE TE AR 2
2.0%~2.5% TH R 25 R 2 8o SEhR Pl i 72 o R
FHBEE 45 RN 2.0%~2.5% # A& G FE

4 HESEUERDH

4.1 ELMERL

HY % T SR 20 2.0% DL LTS 3R 2E AL S 4
TERZEIE R SRR, R LR T K % ik
175 HT.

FERUE R, T8 8 TE K 408 pe=
80 kPa, JKJE JJZIHN p,=25 kPa. % [& EI|H 37 it T
HOBE SR SR HIE 11~ 1.2 & TTUKE S, 209
T HEVERIE S p=0.4 py 0.6 pyr 0.8 pys 1.0 py-
1.2 py~r 0.6 pos 0.8 pos 1.0 pos 1.2 pos 1.4 po HITE
B, AFBIGEE 7 Fros AN RVESR H 77T R 2R TRt
FEE, Gl 8 s AvER 7 5 3 5 KT &
k.

WE 7 fos, BEEERIERIER, HRGTE
BTN, MR IE SRR 0.8 58 K E
I, THEGE S W R R R SR AT — B B T R
RS Ja 2R AR 2 5 AR R R YT 4 A i 2
o REARZHIMRETHKE SN 0.8 fEHE T
KR 750 A2 ASCHETVUE &5 ) TR B e K, Al
W48 I 1R BB T DR FF AR E AT ANGR 2R K AE AR T



64 oo o4 H

202541 H

YUk /mm

—20 —iO 0 10
L5 B S

7 AREIERENTHIMFITE

Fig. 7 Ground settlement under different grouting pressures
_20 -
o/.
2t —
=) ./
£ o4} —
s o”/
E “26F MIJS it LB b R fo K%
o 28}
,30 -
.
732 1 1 1 1 1
0 20 40 60 80 100 120

TEHIE J1/kPa
8 ERENSRXAEXER

Fig. 8 Relationship between grouting pressure and maximum
settlement

W 8 Fran, MEKEII/NT 0.8 FETKE
71 (0 kPa) B, BlEVER K 8 Hh 3R e Kt
R SURIIE K, X 3R BT E i /N ) ] AR AN
fR¥efeE, TIEERBONERMRKE, TE 7
TASEGIRFEETEE T L, SR ARE5EN
B TR K, A A BEBERH 3G K, St T
M IE R 3T MyER K ST KT 0.8 & /KK J)
B, R A TR B I 3G KB kN, 1%
RUERIE IR E— e 2 E FAME RS R, (H
S b oy N TR Y A B o N o NG 7, I

T X S FOIR oA o+, ARG
T R, SRR MIS N g AR 15 353k —
IR, FFPZREIR T AR RERE 78 50 K 3% H B KK
B A1, RT3 e 77 B AT GRAIE R ]
TRRRE e, S BRI A R A R i R
ZHb, TESEhR LR, EEETIN 2~3 TERE
—EfARRKE, BANEWREYSSNN 4 NE
WALo N T AE AR IR I B IA 4 BE %A LR B 58 32 R
WE, RETERIEIN11~12 FETUKE &S
), WRIEE 8 thekfrr, %36 N RER L /16
i S P B 2 HE e R sl N . AR i
PHNERE DA/NT 0.8 58 WK IE 8k 0.4 5%
5 B2 % BT,

42 AEKINERL
(1) A& T3]
T STV AN FE it T B X A 5 e

LR SRR DU, EIRFE LI 4 B X P+
RISV RN o AR SEBRi T T, 70 28
TR ERE BN 12 py. ARTVE ST S
KO /e L TOUE AR [ 248, o ol B BR T A 4 2R
2.0% EFHEIIH 1.2 pyo

R FR B LR TR R PN 9 Fis, B
IR RS 2 B AN P 10 Fio e ] ILE A5 R it T35 3h
Xof A R ARSI, A A 2R B T 5] RS DR
FEJLT—30 R TE 58 A 1 ROl 2 vp /2
LRIV B2l b7 R ARG KT A R T

0 jpB8ggRoono000o,_. 0000 onooDOOOODORRRG0
g —10r
£
&
B 20 RN
TN e BT
RS L
-301 W& R
-20 -10 0 10 20
LU RRIE H 2 B /m

B9 TEEMNNETERITIE
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Fig. 10 Vertical displacement nephogram of double-line

pipe jacking without considering disturbance
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