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STUDY ON STABILITY CONTROL OF LARGE-SECTION SUBSEA
TUNNELS IN WEAK STRATABY CRD CONSTRUCTION METHOD

HUANG Minggi® 2, FU Xianlun?, LI Yunchao®
(1. College of Civil Engineering and Architecture, Shandong University of Science and Technology, Qingdao, Shandong 266510,
China; 2. Xiang'an Subsea Tunnel Project in Xiamen, China Railway 22th Bureau Group Co., Ltd., Xiamen, Fujian 361102, China)

Abstract: Combined with the facts that the strata of the entrance at Xiang'an side of Xiamen Xiang’an subsea
tunnel are weak and unstable, the excavation is difficult, and the preliminary lining deforms severely. The reason
of the left tunnel deformation excavated by CRD method under the condition of surrounding rock of class V is
analyzed. Based on the measuring data, the construction stability of the large-section subsea tunnel in weak strata
is analyzed, including the characters of surrounding rock, the distance between each step of CRD working face,
the time of each step of CRD first shoring finished, the time of the whole working face completed, the distance
between the permanent inverted arch and the working face, and grouting behind preliminary support or not. Based
on these, the measures controlling the deformation are put forward. Successful practice and techniques are
summarized to provide experiences for similar engineering.
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Fig.1 Construction procedure of CRD method
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Fig.2 Sketch of measuring point arrangement

#£1 ZK12+395~ZK12+355 BX A L4l
Table 1 Deformation statistics between sections ZK12+395

FEIE. CC RIS 5 TR /INB (ZK 12+
280~ ZK12+240) [y FH AR LU an R TR
Pl 455 mm/106 mm = 4.29; H1 Zitiidl: 41 mm/20
mm = 2.05 f%; CC'%iiedl: 35 mm/17 mm = 2.06

X AR T AR KR /N M B kAT 43 R B A T DL
MW, BRSO

(1) BlAHetE

BRI AV R, BIENEE, BIER
¥, KA 160.6x10°° cmis, BEFIEIHAR (BT
JEh 2.9%), FFHEKA K78 5 3 il 1 I AUK,
LR R Ak, G R ) TR, [FIRY,
LB G WUHR B AN N, P IR 2 18 18 A
BK, TARIRIRGGA, TFZE R A L AR 1R
FREEBEY R, ARz, SRR
o F=HERA B A E IAEWIII S A b, 3 ] i
FEAIPN IR AN

(2) CRD & phid K

CRD -8 2 1] {8 2 5% b A% O W% 3.

%3 CRD #-H.L A EE B L
Table 3 Distance comparisons of each step of CRD method

and ZK12+355
H1 Tt AAISL CCrisk

W R

Z3tmm KEyd  Bitimm K¥ud  Bitimm K¥ud
ZK12+395 494 172 —37 153
ZK12+387 417 178
ZK12+382 588 159 47 174 —38 146
ZK12+370 483 157 46 157
ZK12+360 424 153 29 153 29 130
ZK12+355 324 148

Py 455 41 35

VE: CC' RIS P N (| —37|+|—38+29)/3 = 35 mm;  “—"
TRk

%2 ZK12+280~ZK12+240 BAS 45t
Table 2 Deformation statistics between sections ZK12+280
and ZK12+240

BRI B (E/m

CRD )
& ZK124280~  ZK12+395~ = H/m

ZK12+240 ZK12+355
1 3 9.15 19.85 19.85—9.15 = 10.70
2,3 21.19 13.35 13.35—21.19 =—7.84
2, 4 9.40 12.36 12.36—9.40 = 2.96
1, 4 39.70 4557 45.57—39.70 = 5.87

H1 Tt AN CCitsk
I
Zitimm  KEyd Bit/mm  Kfud  Ribmm KEud
ZK12+280 92 90 —22 7
ZK12+270 130 80
ZK12+255 109 70 19 64
ZK12+250 104 61 23 61 —9 60
ZK12+240 97 55 17 55 —19 52
S5 106 20 —17
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ZK12+240 P gt fE oL, LURHIR] ANSY'S X [r]
FETH R CRD -1, CRD - 3 #4524 15, 10, 5m
IS5 ) L T e 28 U B R AT R A0, VAR
THERE B, v IX (RIRETE 2 ] B 50 mo i Tk
o UGBS, BRI S5 RN T I ]
2. FASHEAMEN T $PERE E = 15 MPa,
VRS = 0.2, B ) c = 24 kPa, WIEHE @ =
22°, ¥ y=18 kN/m®,

BEAERUR LA oo, HR R %K -
PEARAY, R S5 R FH S AR, L8114y 16 900
NSRRI, 18 438 NSEARE TG pi. HERILE IR
WL 3~5.,
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Contour of Y-Displacement

Magfac = 0.000e+000
-9.8545e-002 to -8.0000e-002
-8.0000e-002 to -6.0000e-002
-6.0000e-002 to -4.0000e-002
-4.0000e-002 to -2.0000e-002
-2.0000e-002 to 0.0000e+000

0.0000e+000 to 2.0000e-002
2.0000e-002 to 4.0000e-002
4.0000e-002 to 6.0000e-002
6.0000e-002 to 8.0000e-002

=

8.0000e-002 to 9.8562e-002
Interval = 2.0e-002
3 PHh 156 m I BERIE ST RYIRE(RAL: m)
Fig.3 The maximum settlement of tunnel roof at step of 15 m
(unit: m)

Contour of Y-Displacement

Magfac = 0.000e+000
9.4656e-002 to -8.0000e-002

. :8.00009—002 to -6.0000e-002
-6.0000e-002 to -4.0000e-002
-4.0000e-002 to -2.0000e-002

-2.0000e-002 to 0.0000e+000
0.0000e+000 to 2.0000e-002
2.0000e-002 to 4.0000e-002
4.0000e-002 to 6.0000e-002
6.0000e-002 to 8.0000e-002
8.0000e-002 to 9.8752e-002
Interval = 2.0e-002

K4 DB 10 m N BEE LT R R DT (RAL: m)
Fig.4 The maximum settlement of tunnel roof at step of 10 m
(unit: m)

Contour of Y-Displacement

Magfac = 0.000e+000
9.1025e-002 to -8.0000e-002
8.0000e-002 to -6.0000e-002

' -6.0000e-002 to -4.0000e-002
N -4.0000e-002 to -2.0000¢-002
-2.0000e-002 to 0.0000e+000

0.0000e+000 to 2.0000e-002
2.0000e-002 to 4.0000e-002
4.0000e-002 to 6.0000e-002
6.0000e-002 to 8.0000e-002

8§.0000e-002 to 9.0596e-002
Interval = 2.0e-002

5 RN 5 m IBEIE HE T R TR . m)
Fig.5 The maximum settlement of tunnel roof at step of 5 m
(unit: m)

AR 15, 10, 5 m B R SE B TR YT 23l
98, 94, 89mm, nJ WAL 0T BRI R HE T
W g, SRR, AT, 5
SRR L2, AHX R AN A 2 o

(3) WIS H 2530 1 R S A W T s B B[]
vl

B 4 %1, AT KB CRD #3 H P
i) 5.250 d LEAR T4 /N B CRD -5 H A 134 )
6] 4575d £ 0.675d, % 16.2h.

# 4 CRD #-4% H I8 ) e 4= Wi T P4 45 I 1) %o Eb
Table 4 Comparisons of closing time at each step of CRD

method and time of full section close d
[ SRR I 17
W L SEHy
1 2% 3 4% KB

ZK12+395~
7K 124395355 57 38 55 5.250 63.7
ZK12+280~
7K12+240 6 41 42 40 4575 30.2

P B T T30 S T B A ISR AH 22 63.7—
30.2=33.54d.

0 1 A T[] R4 W 18 P G ER I ) BN
PN ERI S R S AT TN

(4) TR AAPHER BE I SRR

5 W LLEH, HifEKAMELE, HR i
TALFE LU i AN HE it A B ek b, U AR A
27.68% (MU A P2MH) -

(5) WIS Ja HE 78 A S

WSV B AN 0] RE LA e G, TSR R
2 8 [l — e Yo N R S A s, W0 SCE 5 A A
A B[R A B VE R, T ELTE IR 3y 2800 2
YERAERII S Y b, BUERIASC AT k. i,
IR P G e, g omimt S R e 1 5
R NGRRERE,  nT AR S S S A B S [
BAET . WIS S o mEA K G, BT KU
fH4 127.5 mm, [FAIFESAT T ANEEAT FRIEE S L i T
I RYTRAE My 283.1 mm, AL N> T 55%, it
BRSO O R 2R B 2 X PRI AR A I U
TR Ry I WK 6, 7.

4 TRAZHIIEE

41 REBQEIWGEEMDMH, (E3PHEHEEMRT

SN TR EIEOE N B N EiRe s 2y AR I
IR SCBEAE AT, BT LA A it e B 1 L B K
U] P SRR LR Wi 145 3 S A8 (R R A ]
RIS, PIEAEAC A BRI, S A i
Ak, TR G SRS . IR DR o3 BT 4
RRT s AN PE I e P S G R0 i) 4t
Tyt BRI . B AT RSB S O,
FEA R EITZ B A S (R AL At B b4
JEIA, AL 3 d; AW S B P A TR AN
g 30 d, AKAMHEEE 4 FFFHZ AT 30 m.
42 EHRIEREEHMKE
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Table 5 Comparison of deformation rate of preliminary lining before and after construction of permanent inverted arch

TR A A T TR A 5 HiAE S, T H
MRERE BN — - ECT—— - - 1 )MEEEEE e
R¥ud Bt Bimm  H¥AE(mm - d Y KEud BV TE/mm HHAE K/ (mm = d7Y)
HETH R U7 HL 84 63 0.750 0 22 69—63=6 02727 0.36
ZK12+443
IS S AAY 84 —13 —0.154 8 22 (—13)—(—6)=—7 —0.3182 2.06
HETH T HL 81 108 1.3333 22 113—108=5 0.2273 0.17
ZK12+438
LIS AAY 82 23 0.2805 22 31—23=8 0.363 6 1.30
HETH R YT HL 76 184 24211 20 192—184=8 0.400 0 0.17
ZK12+433
HER S AN 76 4 0.052 6 20 2—4=—2 —0.1000 —1.90
HETHUR 3T HL 87 256 29425 15 274—256 =18 1.2000 0.41
ZK12+428
TS S AAY 87 —95 —1.0920 15 (—96)—(—95)=—1 —0.066 7 0.06
Contour of Y-Displacement 4.3 MBAZIPEREMERFTETRME
e PLE At 1Y) 55 M 2 T R ) 0 B B SR R A

-2.8308e-001 to -2.5000e-001
-2.5000e-001 to -2.0000e-001
-2.0000e-001 to -1.5000e-001
-1.5000e-001 to -1.0000e-001
-1.0000e-001 to -5.0000e-002
-5,0000e-002 to 0.0000e+000
0.0000e+000to 5.0000e-002
5,0000e-002to 1.0000-001

1.0000e-001 to 1.5000e-001

1.5000e-001 to 2.0000-001

2,0000e-001 to 2.5000e-001

2.5000e-001 to 2.6613e-001
Interval = 5.0e-002

Kl 6 WIS 5 A AT AR R S I B TR R T B
(Ffz: mm)
Fig.6 The maximum settlement of crown without grouting
behind preliminary lining(unit: mm)

Contour of ¥-Displacement

[ agfac = 0.000e+000
-1 2754001 to 1.0000e-001
-1 0000001 to -5.0000e-002
500006002 to 0.0000+000
0.0000e+00010 50000002
5.0000e-00210 1.0000e-001
1,0000-001 1o 1.5000e-001
1.5000e-001to 2.0000e-001
2.0000e-0014o 2.5000e-001
250006-0011o 29810e-001

Imterval = 5.08-002

K7 RIS e e R a ST KU TR (B . mm)
Fig.7 The maximum settlement of crown with grouting
behind preliminary lining(unit: mm)
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