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Fig.2 Calculation model of tunnel
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Fig.3 Partial mesh mode
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Table 1 Calculation parameters of surrounding rock

W IAFy KR MRS PR

)2/ m
p/(g-em™) Hu C/MPa ¢/(°) E/MPa
y:=5~0 1.7 0.3 0.03 20 220
y: —40 ~ -5 1.8 0.3 0.05 25 230
y: =70 ~ —40 1.7 0.3 0.1 30 240
y: =100 ~ =70 1.9 0.3 0.12 32 250

R2 XPEMITESH

Table 2 Calculation parameters of supporting structure

" Galls AR VSR TREE LR
g _ e
p/(g+cem™?) w E/MPa Lo
WIS 2.5 0.23 3.0 25
TRR 2.6 0.23 3.0 €50

3.3 WIAERLDT
3.3.1 AR5 a9 AL AT
H1 T3 A A2 R B RA - F A R AR A
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Table 3 Four computing schemes

i H's Jite TRy FHZiE R/ m
1 TH— 1.5
2 THF— 3
3 THFEZ 1.5
4 THF 3
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4.1.1 HEf#H

R ARAGANKER S 3% HE R 38 5320 it U e v i 5
DURERE A AR AR, ATT 8 4 ], it T4l Ft i 3k
URERE AR th S an 18 6 7, [ v LA 3 % T8 W i 20
] FRAER Ay o Bl A

f=1
m

'
W
T

—_
f=1
T

—_
w
T

—a —h

—b —i

AR B 1 32 /mm

N
S

—C ——
e d ——

——e —1
—f —m
—8

_30 1 1 1 1 1
60 40 20 0 20 40 60
P 3 o R A T o 2 KT 5/

El6 FAXR4BISTEMRITIEETL ML
Fig.6 Curve of surface subsidence change during

complete process in scheme 4
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Fig.7 Vertical displacement of

surrounding rock in scheme 4
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Fig.8 Subsidence curve of ground surface
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Fig.9 Vault settlement of main tunnel

by stepped excavation
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Fig.10 Vault settlement of ramb tunnel

by stepped excavation
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2 BB R A S R S R A A s (A 2P
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THE M, Jr%E 4 (1 T8 F1 3 5% 8 SRR T f
WHPNF IS 2 1), X 5 HRITEA—2,
4.1.3 ZI¥PEMLEH

F 4 FNFR 5 4 B 4 it T 58 56 A LY
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Table 4 Horizontal displacement of supporting structure

ISP / mm

SRR / mm

PR / mm

ES 2=2 FhEIE I 3 FhEIE [if. 3

e/ ME R AE W/ ME U ON] e/ IMHE I ONE] B/ME U ONIEN W/ ME U ONIED

1 -5.85 4.13 1.51 6.56 -5.37 4.38 1.51 8.37 2.77 4.51

2 -5.86 4.93 1.64 6.81 -5.25 5.19 1.64 8.66 3.04 5.19

3 -5.89 4.39 1.78 6.46 -5.56 4.64 1.86 7.57 2.41 4.64

4 -5.92 5.11 2.09 6.61 -5.53 5.37 2.13 7.58 2.58 5.37

x5 HBMEZIPENEEARE
Table 5 Vertical displacement of supporting structure
IS OKEALF / mm SRR / mm )
— — A / mm
i Zhhi's FhETE I 3 FhEIE [ifi j

U SN We/ME VN LGN U ONIE e/ ME I ONIEN W/ ME /ON:]

1 -29.28 1.77 -20.06 -1.04 -29.16 22.85 -19.76 5.56 -18.72 9.38

2 -34.01 2.67 -23.46 -0.70 -33.89 23.59 -23.11 6.37 -21.18 10. 16

3 —-28.87 1.84 -19.59 0.73 -28.76 22.65 -19.34 8.91 -17.65 7.28

4 -33.27 2.72 -22.60 1.56 -33.16 23.34 -22.25 10. 65 -19.44 7.39

- 053
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Fig. 11 Horizontal displacement of

supporting structure in scheme 4

U hEIENZE

— “o0ts —

o oo

XDISP(m): -003 -0025 -002 -0015 -001 0005 0 0005 001 0015 002

B 12 FRE4ABMETIPENEEUBEEEE
Fig.12 Vertical displacement of

supporting structure in scheme 4
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Fig.13 Principal stress in surrounding rock in scheme 4
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Table 6 Principal stress in supporting structure

RFEER S / MPa

K ERNS) / MPa

VE XA LB T IS ZUA il
FhEIE I FhEIE I 2 FREIE I FhEE [if. jE&
1 -4.409 -3.632 -3.284 -4.565 -6.401 1.131 0.813 0.599 0.867 2.531
2 -3.929 -3.635 -3.260 -4.565 -6.271 0.871 0.738 0.589 0.878 2.470
3 -4.311 -3.775 -3.344 -4.040 -6.686 1.118 1.211 0.601 1.059 2.624
4 -3.776 -3.773 -3.334 -3.940 -6.636 0.836 1.148 0.590 1.188 2.592
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e B e o

B 14 HR4ABBHETIPEN
E—ENNEELE
Fig. 14 First principal stress in

supporting structure in scheme 4
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Fig.15 Third principal stress in

supporting structure in scheme 4
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Research on construction optimization of asymmetric
double-arch section in Jiaozhou Bay Subsea Tunnel

Wang Kai, Zhang Chengping, Wang Mengshu
(Tunnel and Underground Engineering Research Center of Ministry of Education,

Beijing Jiaotong University , Beijing 100044 , China)

[ Abstract |

the section located in the intersection between main tunnel and ramb tunnel is chosen as a typical cross section and

Aiming at the asymmetric double-arch tunnel engineering that lies at Jiaozhou Bay in Qingdao,

a three-dimensional model for numerical analysis. Four construction schemes are constituted according to different
construction sequences and different digging lengths. Then these schemes are simulated with FLAC™ program. By
analyzing ground surface settlement, vault settlement values, displacement of supporting structure, principle stress
in surrounding rock, as well as principle stress in supporting structure, the most disadvantage position of structural
deformation and stress during construction is determined. It concludes that the surrounding rock deformation could
be better controlled by using of the construction sequence that first middle drift and then right hole of ramb tunnel,
and the reasonable construction scheme is suggested.

[ Key words |

subsea tunnel; asymmetric double-arch tunnel; construction scheme optimization; construc-

tion sequence; digging length
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