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Numeric alanalysis of the influence of shield excavation jacking force
on the lower parallel tunnel
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Abstract ; Taking the shield tunnel in the coastal soft soil layer running parallel with the existing tunnel beneath
it as the background, the numerical simulation software was used to finely simulate the dynamic excavation
process, focusing on the influence of the jacking force of the shield tunnel on the surrounding stratum and the in-
ternal tunnel. Results show that during the construction process of the new tunnel, the influence of excavation
disturbance on the stratum and internal structures is mainly concentrated in the area that is —1.0~1.5D from the
excavation surface (D repestents external diameter of the shield tunnel). The disturbance effect spreads outward
in a ring shape around the axis of the new tunnel. When the shield excavation jacking force increases from 0.1
MPa to 0.4 MPa, the surface deformation and the formation pressure within the 1.0D range increase by more than
20%. During the process of new tunnel running parallel above the existing lower tunnel, the deformation of the
tunnel sections changes from lateral drum to vertical tension, and the overall floating phenomenon occurs. After
the jacking force reaches 0.3 MPa, the bulging speed of the tunnel arch bottom and the dome of the existing tun-
nel increases. Based on the arch bottom, when the jacking force increases from 0.1 MPa to 0.4 MPa, the floating
amount of the tunnel increases by 34.2%. In the construction process, in addition to ensuring the regular deform-
ation monitoring, it is necessary to strengthen the monitoring of the vertical deformation of existing tunnel so as
to ensure the parallel construction above it. Structural reinforcement measures and comprehensive adjustment of
construction parameters shall be taken when necessary to reduce the impact of excavation disturbances on sur-

rounding strata and structures.
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Tab.1 Stratum parameters

e FHRIE, EE, BRI NS R4

(H-m™")(g-em™) /kPa fi/(°) E/MPa

Wi 11.7 1.64 10.4 5.8 1.83
#+ 4.5 1.96 29.6 13.2 5.63
WRE+  15.05 1.74 18.0 11.6 3.23

JNACER) 30.00 1.81 17.50 10.10 3.18
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Fig.2 Finite element model of parallel shield tunnels
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Tab.2 Cambridge parameters of soil layers
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T S0 0.1 MPa BB D 5
TR TR A E S ROCRME 4 s,

S/m
0 10 20 30 40 50 60

0 -
5t
-10F
g .15t
g P —a— A
_ 20 B
—a—C
25L —v-D
—+—E
-30L
(@) il =
S/m
00 10 20 30 40 50 60
St
-10+
g .15}
‘\a 15 —a—]
S 20l ek
—h—C
—v—M
25" —+N

(b) AR

B4 0.1 MPa T3t 3RT0BE (L F #h 2%
Fig.4 Surface settlement’s displacement at 0.1 MPa

PRS2 T AL Bh A S N 1R] K | o 1 b R I R
TR THZER o, Horp A DS DL e R ol 27.7
mm, C M A PIEE AT 24.8 mm, E ] 5 A DT
/A% 22.3 mm,

Fl4(b) s, J AN K AT M 47 B8 I 7
W4 B E A, B i & TR 4 2 4 sh i
A2 1) DU ] S22 BAOBR A A, £ R E p 0  AS
A HAT KRR | FLIE B8 5 R B O s, bR o7
B 3% i b Y 0b it T o FR R o, Hoh K AT M
D A5 BE G M B oty 5 m, FLHEFR DT M 19.1
mm, 258 C M S8 77% , J AN 065 0 S 4 % e
Hl 10 m, HH RGN 4.7 mm, 2928 € W 53
DIRFERY 25% .,

P T H 7 B 45 T AR AL L AR AL, € s 3%
JE FA W T FF 42 5 W A o B S, A [R) TOUHE ) R M
ik D 55 IR L AL R Lz 5
BN .

B8 T #2557 ThT B i B/ m
30 20 -10 0 10 20 30

0

5k

-10+

g -15+
5 =1 0.1 MP.
—a— (). a
251 e 02Mmra
30+ —4—0.3 MPa
—v— 0.4 MPa

35L

E5 AETRED TSR C HithRAR 2k
Fig.5 Surface displacement of measuring point C

with different jacking forces

M1 S W AR T D VER  HhR i 8
AL IR AL, TOUHE 5 DA 0.1 MPa 3§ &
0.4 MPa B, 2% T30 00 5 1) b 2 TR 53 31 o0 24.8
26.3.28.2.30.2 mm , AH4P T30 1] 3 ¢ T [ 22 (3T
1oL, RV Bi JE A P42 T 7 3 , b e TR i S 2k
PEIER, HH 0.1 MPa & 0.4 MPa T0UfE 7 X3 1 Hb
FASTEHEKT 21.8% , K& F 50 72 DA T4
R F AN G BRI, Nl K T 51k
ORI ) Ve IR A O 5 | g 3



50 fR A TR B 24

518 %

3.2 HEMMES

SR 53 BRI R T ) 2 ok R o R TS
[z SENGIEE R Wy Al AL e el SE R T
TERERREHETR 1.2 4.5 m 09 4 Pl E&A6E 3
AN R S TR B E O AL T e R E R
] 10 m Ab£5A B —AN s, BUZE A A5 IS, 40
K 6 s,

F

(=3
on

IREL 3G

L 60
() LA B

T |

N

|

© by
|
|

£
i
V]
I

s |

— 60 |
O P EE

6 TEAMNSHER ($LAI:m)
Fig.6 Layout of earth pressure’s measuring

points (unit:m)

TSI THE 74 0.1 MPa i, A 7 16 ) A5
K H=1 m Zb&0 5+ 5 484k P 5008 = IF4E
RS L R E 7 Fs .,

& 7 FRB, ST 1R U 25 29 - 1.0~ 1.5
D B (D RIEFIRRTE SR ) | 45 W0 A5 0% B L2 s
) F g A B S 728 Ak >4 i 5 42 T P D0 K
T 1.5D B, B BBl 2 18 ) e g il 232 s T AR
FE o TERRAE 0 STTET R e A s R ) )
AN, LB Rl 18 ) TR T R RV 88 1) 25 ) L
JE FA AR P T )2 AR Bl el AR e
W E A RS G DA ) e O B, 22 A W T A Y
BT L 18 1) R g it A 6, 10 BH S A 0 2 X
YIRS 1 it v Co A ) AR A 2R B AR T = X
I3

FEARE LA SL T H=1 m M SRR X4 7R

30
100}
< 200}
=
A 2300
-400
-500L
(a) o7
L/m
630 20 -10 0 10 20 30

-100 -

-200 -

P/kPa

-300

4001

(b) H=1 m*FiH

E7 01MPa TXEEREHEUEL
Fig.7 Change of vertical pressure of soil layer at 0.1 MPa

(1425 i T A i At A B T L 25t T
S+ ZPesh A A 8 Frs

L/m
30 20 -10 0 10 20 30
0 — T T T T )
-100
-200
3
X -300f
—=—(.1 MPa
400+ —*—02MPa
—4— 0.3 MPa
—v— 0.4 MPa
-500 -
E8 ARETUENMREPENSEENTH L

Fig.8 Change of earth pressure at intermediate

measuring point with different jacking forces

H & 8 AIA FEAR R IER T, L1728
PRt 28 FLAHE AR, , ELTOUHE g R, Bt )5 i) ik
XM JZE D) AR BT B, 0.1 MPa T5#E J)
YEHR Hril g5 0% i) 1 )1 A —-358.7 kPa,0.4 MPa Hif



513

WA JE AR TFAZ TOUHE g X8 A T R 2 il ) (23 Sl

J3-450.3 kPa , B4 IEIKF] 25.5%
33 BAERETE

JEMTHZERL S E R #2450 2 A Rk
T, WK X BE A BEE R A — g e, 7ERE A b
hin) IS AW, B A B .C D E Wi A I
SIEWIHARTFZI 20 m, JFSEEERR 5 m A B —~
S T A 9 TR, A RS
T HEIEAR W 7 B8 HETIURIHE IR 1 B ) 3 A5 A8 1k, Ht
JEAN R IE  HETI HEE R IE

Eiﬁﬁg 4 B CDE
}ﬁQ%ﬂ 20  |s|s|s|s 20
B HE L A B C D E

B9 BEREMAMTENSRHER (B . mm)

Fig.9 Layout of measuring points of the deformation

of existing tunnel lining ( unit: mm)

B HEAE AT, B — T ) T A R
TR AW T A SR Bt 22 AN I A 52
TR REAE TTHZAIC Sl i Ak 22 AS [R] o  B TARs
o DRI, BEAR RL ¢ Wik o i), 45 21 RE A % GE 41
T #OR ALY D, BE T 77 /9 22 A ML Gn &1 10
B

10r _, 4, MPa-$#tT5i

—e— (0.2 MPa-#tTi
[ —a— 0.3 MPa-$£T5
—v— 0.4 MPa-#tTji
6 | —o—0.1 MPa-#tJ&E
—o0— 0.2 MPa-#Ji§
4 | —>—03 MPa-#L%
—v— 0.4 MPa-$tJi§

[ee]

L/m

10 AETVHHEATEERKIE C BiEEmEi
Fig.10 Vertical displacement of the C section of the

existing tunnel with different jacking forces

HrEREIE 2R TP IS L R v, Y T 1 AE
MUY 1.0~ 1.5D Kb}, BB A 38 HEIS  HETR T
GR 7 AR R , Bl A T2 0 ) ATHERS |, 45 AUHEG HE
00U (i) (57 % 120 T 185 o, 14 B 8 28 T 6 ORI e i
5243 2.0D LG, HEIRE  HETH 4 = ) 43 78 i Wik 1
R, BRI R AR N &, HE TR A 1 K LI RE

i, A RE A i T 5 BT, 0.1 MPa T5#E g %t
7 JE R B 1 5 | A B A g SE LI HE T i 5 0.2
MPa X fEAH2E AR K, H 0.4 MPa THE g X6 Ry 41t
IS HETRPE R 42 0.1 MPa BA KIEHI4R T, 3% 2
P T TOUHE 38 ek, b )2 A 6 3 5 ) Y L B
Z IR TR S 0.3 MPa I, S35 i 3
R W B X B Y K BB AT R TR 2 R, A
717 LA T S o T4 o (%) 1 o 2 R R 2 1k AR A R
. TE S8 0.4 MPa Bf, HERE #5491 B
5.1.8.9 mm,0.1 MPa }y 3.8.7.3 mm, 3 li§ &
34.2% 21.9% . PR, 38 hn ks 8 T+ 10 0 0 7,
JE R4 3 R A I S K S SO R T HL R
HETH Y e 18K

[IRELL € Wit Sk 5], RE A ik i 4L 22 o 42 b
A2 A B AR S AR T2 D AN 11 B,

L/m
30 20 -10 0 10 20 30

0.2
0.0
g -0.2
=
Q -04f
—a—0.1 MPa
0.6 —e—02MPa
—4— (0.3 MPa
08l —v— 0.4 MPa

11 AETHEATERARE C Bz
Fig.11 Radial convergence of the C section of the
existing tunnel with different jacking forces

11 SR B sl Lol B b th T T8
HESHJA AR S s BIE A R AL, 32
HHEREAR 1 A% B RS, > R T T2 T 2]
IR ATAR I, TSR A B A2 B G S i 3t 2 3
WEAT B A HEHE T hr A% 1) WAL, i3 P42 IR 1) 4
¥ 2 RHIEAR ) L AS B WG N, BRI IHZ
TENLI AUHT 724 2.0D LU BEREAR 10 (7 A 12 i ke
THREAE . FTE B L 58 s , 25 DHE T
JE ARG B A Bk 145 000 ) RS 16 37 RS
PIAE 0.7~0.8 mm {5 B A, 58 0B 18 O 42 180 14 T
T, X B AT BB HEREE A% ) SR8 5D 35 R

SEATRIAT M B 3l B 1) A% 1] AR HE AT DL &
B, et R B 42 T 5 W O B T 2 i, B
BS21.0D B, BEAT BEIE 7 A /RIS 2 1 AR I



52 R TR

AL e A

18 &

AR, Bt A I 42 1 N BT RS T A A A
T AR ) 0 T A B8, YR T A A < RS T AR
TERUNE , 24 B 3 428 1o A UL 55/ 7 24 1.5 ~2.0D
B, A T 50 s AR o7 SR T TR

4 LSRN

F BT B B S B T e MR A 2 B AT
BRI A sh A T B2, X 42 51k A9 & it 2
K BRAT BEAE 1 52 01 AR TS AR R AT T 434, 45 20 n
THie .

1) 765 #e s T8 b 20 it T ad R o, R DR
i JZ A R AT AT BRE A7 1 AR 3R R A A
H g B R B 2 AT /S -1.0~ 1.5D JEl N, 1R
0 R T R AT ) M2 T A2 R MR A

2) FE T AR TE 47 I B A R A S BR
Bk 409152 4 J2 457 e RN 2% [ 56 T Y 1 2R T
PR FR A ) B i A8 SRy R et LSS ) AR T E B

SEM:

3) M T Z 48 B0 Jm 2R A P B T4 g 3 m
MZE A, THHE ST 0.1 MPa #9 % 0.4 MPa i, Hh 36
AN J 1.0D S N U2 7 353 K 209% L 1
Tiiffe Jy it 0.3 MPa J& , BEA bR 4 T I 423 3h
R B, AR Y g S AR AR PR N, FLHE R A
T PR I G R R 2B E TR RS 8, AL
FEE TRHE ST A 0.1 MPa 38 H1ZE 0.4 MPa i}, F7%
HE 00 3.8 mm A1 5.1 mm, B 34.2%

4) PR EE ST A e A B A 42 o 3 sk
HuJZ P Bl 5 | FA S AT B S 0 AR TR AR, T
AT b g REAT BE A T 00, it T A R v B R
FEEERT G 1.5D Bl N R VTR T LIS, X Bk
F BTSSR B A AR T RS, U H R 18 ey P e A
0N AT EE e W, 0 IR O ik T TR S
FYE R IS A JE M A2 e F S R R R )
SEH T80, R AT 25 A D48, LLRRARTTHZ
FONEBUARZN NNy waib- Al N

C1] XU, DM, ISR RRREE [ M. dbnt. o EBGE A, 1991.

[2] 8%, MEIR BT T 25 M A mi [ )], A TSR, 1998, 20(1) : 112-113.

[3] RGE, KA, [E. FaREEM]. deat. ARZSHE L, 2004,

(4] TRIE3E. JEHIREE R BSHF T S0E T 9CB [ M ], dbat. R EESR T RE:, 2010.

[5] TRATT. JEFE T 22000 238 W PERE ARG J e 5T [ D] L. [RFF R, 2006.

[6] KE%, tRa1 2, B/OW, % V-6 &HiE T 09 DU AL aT ot [ 1], A L 12, 2007, 28(8) . 1587

-1594.

[7] BUEOT, AT, B, RS FRIESEoe & M2 R RR RIS 1], &%, 2013, 34(1) ; 73-79.
[8] 57, I, &, 25 /K a5 M RER S R AR FFHE S A )], A2 TR, 2016, 38(11): 1999

-2008.

(9] Jkffd, M, TAASC, &, JRBORID A LR P 5 AT TR R T AT 4 T X R W a7 L vk B T R 2 a7 [0 AR

EFA, 2019, 56(5); 122-132,156.

[10] e, L HHEE LS S80S A DB R SIESE [ D . AR . P e 38l R, 2008.
CI1] BK¥T, Al , B, . Je/K-F a1 A2tk s 122 oM S5 R WESE[T]. 5 0%, 2018, 39(S1) :

469-476.

C12] ARl W, AR%AE, 5. A REIE 27 BT i 2 5 7T T LA o 0] M s e] 5 TR A4, 2018, 14

(6): 1603-1610.

[13] Mk, Th3CHE, 248, 2. MBROEREHIE R~ o WG A BRI T TR [ )] BRiE T AR 4, 2018, 35(7) : 91-98.

[ 14] HASANPOUR R, ROSTAMI J, UNVER B. 3D finite difference model for simulation of double shield TBM tunneling in
squeezing grounds [ J]. Tunnelling and Underground Space Technology, 2014, 40 109-126.

[ 15] Ttasca Consulting Group. User Manual of FLLAC3D Version 5.0 [ M]. Minneapolis: [s.n.], 2009.

[16] “FI0UHE, skt , ZALL. SR+ A SISO RS ESIFFEAL (1], 5 415, 2015, 36(S2) : 215-220.

[17] WEHTE, L0, frihss. XHE RSB IR BRIl ) ], WAL T2 Besri, 2004, 19(1) @ 13-16.

(RfEMLE: TEE)



