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Abstract

In order to study the construction impact of the underwater tunnel on the adjacent existing tunnel,
based on the shield tunnelling engineering of Changsha Metro Line 4, the 3D numerical simulation
analysis was conducted in this paper to explore the influence of shield tunnelling parameters to
deformation of the existing tunnel including soil pressure, grouting pressure, grouting volume and
excavation speed. The numerical simulation results show that: the soil pressure of the storage
tank plays a key role of controlling the settlement of soil in front of the excavation face, and the
greater the soil pressure, the smaller the maximum settlement deformation of the existing tunnel,
but too high pressure will cause heave deformation of the existing tunnel; the increase of grouting
pressure and grouting volume will reinforce the surrounding rock, then reduce the settlement of
the existing tunnel, but the higher grouting pressure will also cause the large internal force of lin-
ing segments and soil heave, so the grouting pressure must be controlled within a reasonable
range; while the tunnelling is faster, the settlement of the existing tunnel will increase. The optim-
al tunneling speed is obtained for the adjacent constructions. The studies of the optimization of
shield parameters and the research results can provide technical basis for similar constructions.
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PR VDB A28 VY 5 28 B MY ity — 8 i)l X ) I ) 2 15 5 R A T T e P 2R B T B SR R
BEA Ik T T 25 T T I B T, X TP o T 7 3 2 T SR AR e /N TR ELBE 5 11.776 m,  JE AL TR 5 [ 1
PR /N B 3.527 my X [AIPETE BLRE T 27 R Wl BRI SRR B LR, X IR R T8 A 56 A5 T T s B - 2k
28R T ELFE B9 5.442 m. AR5 SRR o R i o 2 R R S AR T A D S R TN R, ARYE AR AL B
SR A MRE 23 AIHZ W T ORI 7T . 12K B G TR 06250 L P4l & M p LA ik, VTR 2 3 22
N RACERE R A R RALERE o IR SR TREEAT VR 50 b7, AR S BERE, 1AV KK IR 6 m,
JE R BEE SR 10.906 m, BEIE A B A T RALERE . MRS HCh: BB a=3.14m, RKZHNKK
kh,=0m, EWITAIKK hg=20m, FEIFEEAN ] Py=0.4 MPa, EFLBUKENREE=1.0. BEH
VLR B E =45 MPa, JARALL 1=0.3, R c=50kPa, WEEEM =37 (K 1).
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Figure 1. The plan of construction site
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Figure 2. Parameter optimization finite element model
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Figure 3. Figure of line 4 and the Nanhu Road tunnel positional relationship
3.4 SEEEMBRBETEMNEXRE

Figure 4. Nanhu road tunnel structure diagram
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Figure 5. The grouting pressure schematic
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Figure 6. The earth pressure schematic

6. tEENTEE

Table 1. Table of the simulation operating parameters

F 1 BUTIRSHER

SHRA Level-1 Level-2 Level-3 Level-4
+ B Ji(bar) 1.5 2.0 2.5 3.0
I T (bar) 2.0 2.5 3.0 3.5
R Em?) 5.0 6.0 7.0 8.0
i 53 5 (mm/min) 10 20 30 40

Table 2. Nanhu road tunnel settlement deformation

2. FMRRRREI R

ELRENE)) (v AU

150 KPa 3.69 mm

200 KPa 3.73 mm

“3.731286-003

z

x
DISPLACEMENT
TZ,m

250 KP. 3.78 mm
a ~2.45809¢-003 .

DISPLACEMENT
7, m

300 KPa T 3.84 mm
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e A R ST AR TN, [E B B T R AR 1 I E A FH R HE LU ACBA 2, R IR PR TE AE R 77 150 KPa,
200 KPa. 250 KPa. 300 KPa fEH N, R AUTFEARILAKAN: 3.69 mm, 3.73 mm, 3.78 mm, 3.84 mm.

R TR AR RN ARG E AR, AT LB R I R T T AT 7 AR R R
ER, ARG EI0, A7 ARG AT, im0, BT 7 SR TN, fE—E
HMBILBERD . A URBEADL HLFRE B JE A4 LA e IR Y 200 kPa BN A 3d

3.2. EtEHEREN

I T e A RARAS [R5 s o B A R P R S E4T 2 (2 3).

AP 73 M 200 KPa £ 350 KPa, R i % 5% 8 0 4 A T BRI, #8F %F rh g i R i B
TULRE, BUEAE 3.69 mm Ay, ERREMIINARE 2 HaE 2 W, SaA R RER, R T
TR DA W B BETE AR, AEAN RIS DI AR B AN R, 455 Bl At T S A5 i DA e 28 K
ARV X E 2256, B ARTUH P EITESR S 1 E Y 250 KPa BN A&

Table 3. Nanhu road tunnel settlement deformation

3. R B R

T EET x> 45 KL E
200 KPa 3.68 mm
250 KPa 3.69 mm
300 KPa 3.69 mm
350 KPa 3.69 mm
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(# 4).

PRI RBR T RUEE R Z RO, T A o E A AR R, ERESom’, 6.0m’, 7.0m’, 8.0
m’; 1T R B B KU PR AR N 4.11 mm, 4.11 mm, 4.10 mm, 4.08 mm. 538 AT 628
S AN KABATY AT R IR, e R 3G 0, S Rl A0 n 11 FH AR R ER B S5, X 4 55 R o T A
FEE AR, 5 m’ UL ERERE AT DR RZ S Za ARG ES R, IR R
T T IBCE S ok, K S RS (R S S R AE 7.0 m® 2 A N

3.4. BHEHIRE

I TH] 38 3 O AR AL AN [ 3 3 5 o) A B T O BB I R A 3EAT 0 T (R 5)
=B T A RS KRB IE T o R I B R FE AN RIS, T R IE R, R e R R 4y
B2 10 mm/min, 20 mm/min, 30 mm/min, 40 mm/min. M EFVHT AR, SR R,  FEIRE PEIE

Table 4. Nanhu road tunnel settlement deformation

4. BRI B RE R

e (&A% e RKUTRE
5.0 m® 4.11 mm
6.0 m* 4.11 mm
7.0 m? 4.10 mm
8.0 m* 4.08 mm
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Table 5. Nanhu road tunnel settlement deformation

= 5. FERBRETT IR
Ji 0t g hifs Bl BRPLFE

10 mm/min 3.35 mm
20 mm/min 3.59 mm
30 mm/min 3.89 mm
40 mm/min 4.25 mm

il

TR LK, R UTREMRICN: 3.35 mm, 3.59 mm, 3.89 mm, 4.25 mm. FFEES LA, JE
BESIEHTT A A2 B35, fERSER I i, HEF a7 B E 2 KA Ui, UETFHZERE
TARFFFZR, ZA S LR R, X PR B R . A TR, BRE e B, I
HHIRTRE e S 243 B 40 mm/min B, FEIERE CAH 4.25 mm. SRAERE PEREUE, i@ M
JRABEG A AR, i 2 S P D5 T NN R A o P g SR I e ) S ) e v
R EEDUARSE &, IFIRIE BRI i SR PR SR G4, i i AWM RA S, KRmEITZE. I8
TEOENERE ST WRIENL R L e R LG, RUONRAR IR . ZREAMRoniH R4 R, WRAE
W S U, 2 B8 3056 T e T % B T 1 R e DR T R R S Y 20~30 mm/min 2 [A]
NEH
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S5, MHEHEEEE. LK) HERESERENSDI, [EKY 4 5% BB X RGBS
N AEREEEE A 30 mm/min, K SN 2.0 bar, VERE N 2.5 bar, JEREN 7.0 M. NI EE
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