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COMPARISON OF DIFFERENT WORKING PROCEDURES BY CRD
METHOD FOR SHALLOW-BURIED SUBSEA TUNNEL EXCAVATION

ZHANG Jianguo, WANG Mingnian, LIU Dagang, WEI Longhai, YU Shangyu
(School of Civil Engineering, Southwest Jiaotong University, Chengdu, Sichuan 610031, China)

Abstract: Xiamen East Passageway Xiang’an subsea tunnel under construction is the first subsea tunnel in China.
CRD method is adopted for the unfavourable geological conditions on shallow-buried excavation area through
strong weathered granite, which holds higher water content and lower intensity. Due to the unfavourable
geological conditions and no experiences referred to foreign similar projects, the method of combining in-situ
monitoring with numerical simulation is employed to analyze the influence of different working procedures of
settlements with convergence and internal forces of arch crown. The achieved results agree well with the analytical
result. The research indicates that the proportion of settlement of arch crown by different steps is basically the
same by the comparison between CRD1, 2 excavation ahead and CRD1, 3 on the geological conditions
specifically, but settlement of arch crown on CRD1, 3 by the first working procedure is approximately 70%, 45%
higher than the second one while convergence on CRD1 is about 15%. In addition, internal forces are a little
higher than those of the second working procedure. The result can provide references to the information-oriented
construction of tunnel as well as experience for similar projects.

Key words: subsea tunnel; shallow-buried excavation; in-situ monitoring; numerical simulation; working
procedure; information-oriented construction
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Table 1 Settlements of arch crown of CRD1, 3 with different
steps by two different working procedures

p SFEITZSE CRDI#t  HHEIHZIIE CRD3
g q WUFUUR S RGEE S T DR ORGSR E s BT
TR 4 He/% ‘;ME He/% U

5 CRD1CRD2 CRD3 CRD4 mm CRD1CRD2CRD3CRD4

1 501 202 145 152 2593 - 209 59.8 19.3 155.8

2 479 149 120 252 1105 - 304 552 144 954

3 467 171 193 169 1178 - 223 61.2 16.5 105.1
CRDL.3 4 457 213 116 214 188.0 - 255 497 248 121.2
e 5 49.2 228 108 172 2000 - 223 60.6 17.1 1414
6 479 253 128 14.0 2220 - 236 514 250 1493

7 458 186 17.0 186 2880 - 255 58.8 15.7 162.0

8 51.1 19.8 150 141 1343 - 264 587 149 1120

1 465 233 169 133 2627 - - 551 449 146.1

2 502 254 135 109 2453 - - 644 356 116.6

3 522 271 105 10.2 2970 - - 543 457 2223
CRDL,? 4 548 219 116 117 2970 - - 60.7 39.3 206.7
e 5 514 254 117 115 4096 - - 59.1 409 2345
6 553 19.8 14.7 10.2 475.7 - - 568 43.2 251.2

7 48,6 232 134 148 4187 - - 623 37.7 2355

8 442 222 181 155 2145 - - 575 425 984
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R 2 2 Wl TR EETUR TR
Table 2 Comparison of settlements of arch crown by two
different working procedures
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Fig.3 Curve of measured convergence on CRD1
RUAT T g8k, W3k 3 s

*3 2 Fhil TP & 251 CRDL K-SR
Table 3 Convergence on CRD1 with different steps by two
different working procedures

S wim IHESIRN CRDLKCTHSE K f/mm
TF G

CRD1 CRD2 CRD3 CRD4

1 - —44.8 —20.9 —2.30

2 - —45.1 —27.4 —4.90

CRDL, 3 3 - —40.5 —30.8 —0.90
e 4 - —53.6 —25.7 4.50
5 - —45.6 —30.9 —7.50

6 - —30.7 —40.8 2.40

1 - 132.9 —19.1 —26.30

2 - 89.6 23.0 —23.20

CRD1, 2 3 - 122.1 —10.4 —10.80
i 4 - 88.6 20.9 —24.70
5 - 102.5 —6.3 —24.20

6 - 80.7 34.6 —30.10

mitgi 52 CRD1 4t 5[ie CRD3 #t 5[ CRD1#t 5@ CRD3 #t
T L6 151% Tl L A51/% TLEA1/% TLEA1/%
CRD1  45~50 - 45~55 -
CRD2  15~25 20~30 20~30 -
CRD3  10~20 50~60 10~20 55~65
CRD4  15~25 15~25 10~15 35~45
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Table 4 Comparison of convergence by two different working
procedures mm
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Table 5 Internal forces and safety factors with different steps for CRD1, 3 excavation ahead

- CRD1 J#% CRD3 J#% CRD2 J#% CRD4 JFi%

M e EHUKN - m) RARE BN SHUKN - m) ZARE HUIKN RN - m) A RE HIKN RN - m) AR
1 —447 —10.6 10.2 —747 —171 6.1 —845 —195 54  —8965 —21.6 5.1
2 —400 2.4 115 —705 6.7 6.5 —806 —03 57  —805.0 —6.0 5.7
3 —439 —74 7.9 —742 8.3 47 —832 15.7 42  —886.0 20.6 3.9
4 —417 3.2 8.2 —722 5.2 47 —809 6.9 42  —8445 13.9 4.0
5 - - - - - - —593 7.8 78  —9785 19.8 4.7
6 - - - - - - —509 6.5 65  —809.0 6.1 41
7 - - - —646 —117 7.0 —733 —16.2 61  —910.0 —187 5.0
8 - - - —623 0.5 7.3 —705 31 64  —865.5 2.9 5.2
9 - - - - - - - - - —936.5 16.8 4.8
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Table 6 Internal forces and safety factors with different steps for CRD1, 2 excavation ahead
- CRD1 JF#% CRD2 % CRD3 J4% CRD4 %
AP

HIJIRN EEE/(KN » m) A RE HIKN BFEI(KN < m) 28 RE KN BHKN - m) 22250 f/KN

THIUKN » m) 2R

1 —458 —10.8 9.9 —579 —135 7.9
2 —436 2.1 10.2 —570 —0.6 7.8
3 —431 —59 8.0 —545 —8.9 6.4
4 —449 21 7.6 —566 7.8 6.0
5 - - - —492 9.6 9.4
6 - - - —443 7.4 7.5
7 - - - - - -
8 _ _ _ - _ _

9 - - - - - -

—868 —21.6 52 —947 —25.7 4.8
—815 —6.9 5.4 —945 —14.8 49
—812 —10.1 4.3 —1065 —4.0 3.2
—821 4.9 4.2 —886 55 3.8
—841 15.6 55 —1111 17.1 42
—732 10.0 45 —811 5.9 4.0
—675 17.7 6.7 —890 —22.4 51
—771 53 59 —926 —3.9 49

- - - —994 15.0 45
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Fig.4 Safety factors for CRD1, 3 excavation ahead
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Table 7 Physico-mechanical parameters of the materials
L PRI AR RN WEEE R W

E/MPa v c/MPa I(°)  I(kg+m 3
V g 200 0.45 0.05 20 1900
BT 0 [ X 250 0.45 0.06 20 1 900
B 29 500 0.20 2500
I Hof = 3 29 500 0.20 2500
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o
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Contour of Y-Displacement
-2.3717e-001 to -2.0000e-001
-2.00002-001 to -1.7500=-001
-1.75002-001 ta -1.5000=-001
-1.50002-001 ta -1.2500=-001
-1.2500e-001 to -1.0000e-001
-1.0000e-001 to -7.5000e-002
-7.50002-002 ta -5.0000=-002
-5.00002-002 ta -2.5000=-002
-2.5000=-002 to 0.0000e+000

0.00002+000 ta 2.50008-002

(3) CRD1, 3]

Contour of Y-Displacement
-3.15572-001 ta -3.0000=-001
2. 0000=-001 to-2.5000=-001
-2.5000e-001 to -2.0000e-001
-2 00DDe-001 to -1.5000e-001
1 £000=-001 to -1.0000=-001
-1.0000e-001 ta - 0.5000e-001
-0.5000=-004 to 0.0000=+000

0.0000e+000 to 2 5000e-002

2.6000e-002 to 5.0000=-002
5.0000e-002t0 5.56518-002
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Fig.7 Vertical displacement fields of surrounding rock
mass(unit: m)
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Table 8 Results of displacement calculated with numerical

method
FF CRD1, 3 i CRD1, 2 A
i e —
HH o TTUUR G FOUREER] RO 4 RUCR LR
H
/mm 1% /mm 1%
CRDL 97.6 491 167.4 58.7
S
Wl orpy CRD2 471 237 661 232
BIUR UL crps 20,9 105 359 126
HH
CRD4 332 167 157 55
it 198.8 1000 285.1 100.0
e CRD1, 3 Jiif CRD1, 2 JTif
AH - TRUUR BB FOURTE  FUURE 4B FUORIL
" Jmm 111% /mm 111%
CRDL - - - -
El i vt
%4 CRos CRD2 579 261
Wt
BRI cppg 1273 574 2197 714
=cN
CRD4 36.6 165 880 286
#it 2217 1000 307.7 100.0
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Fig.8 Safety factors for CRD1, 3 excavation ahead

(d) CRD4 FF# &

10.2

(a) CRD1 ¥ 5 (b) CRD2 435

(c) CRD3 FF# 5

K9 CRD1, 2 #ee R
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