5527 B = R O ) B Vol.27  Supp.
2006 4= 10 H Rock and Soil Mechanics Oct. 2006
TEHS: 1000—7598—(2006)EF —0290 —06

1E LR85 % 7 7E 8 i Fx i@ & /)
AFhEEEERN®EIMR

IR, 2R A B

HL SR, PR 250061

(1. bR K% 2. WWARFE MR, FE 250200

W B TR PR (R R N A RS TEA ORI K R 1 22 AW it byt TR I G . il s B2 A A e
BN I PS8 e/ N 0 7 R R FE IO E o K] FLAC® A4 1 7 e e B3 B M it L%t B 2 1030 Sy 2, 40 br
T IS BETE 1) JEAB b e AN 2 st b R AT SRR s M, A58 T IRBhId . N s i R X K/ i
G R AR A RO, SR Sur. 2%, TR, JRIRE T 2 m.

X B O RS SUhA AR %uk%/ﬂ@L 1% FLAC™; Hu{Esd

FESES: U452 SCERPR RS

Dynamic research on the minimum rock covers of subsea tunnel construction
using drilling and blasting method

WANG Han-peng', LI Shu-cai', QIAO Ling’

(1. Research Center of Geotechnical and Structural Engineering, Shandong University, Jinan 250061, China;

2. Bureau of Geo. Minerals, Zhangqiu City, Zhangqiu 250200, China)

Abstract: Ascertaining the minimum rock covers of subsea tunnel is important to reduce project cost on the conditions of subsea
tunnel safety. Researching the dynamic influence of tunnel blasting construction on the cover rock mass is necessary to the minimum
rock covers. The effect of subsea tunnel construction using drilling and blasting method to overlaying strata is analyzed through
FLAC® numerical simulation. The influence of different subsea tunnel level and charge weight on the interface of overlaying strata is
analyzed. The blasting vibration velocity history and stress vibration history at key points and the plastic zone are gained and
contrasted with the result of experimental formula; synthesizing the above analysis and considering economical and safety of subsea
tunnel, we suggest that charge weight should be reduced and subsea tunnel level should be descended 2 meters.
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Table1 Physico-mechanical parameters of
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Table 2 Safety blasting oscillation velocity criterion

=) FAT ARG I S HREH T/ cm » 7
1 A atiE 40
2 A RE A AR 30
3 HANTEE LY R4S E 20
4 R RS 10
5 K LRE 10
6 il 15

AR AR 1 e M, 00
S )T LR g D IR e Y g DI e e
AN 3, AL 1AL BETE TR RN g5 KA K
E 2l TR 1 T R W VAR = T oY <0 11 T
MBEIERL T IRV E I, WAL 1 HEAL 9.5 m,
T 2 AL 27.5 mo T R A TR R
BV EID VSN IE NS NCIE S & N R G 5
g, T R AW T B O
}3[12[14]O

101 m + 2
18 m LEPR e ey
—t9
9.5m XA RS
1Bl

TEENC AT

B3 AT AR

Fig.3 Positions of measuring points over tunnel



B FDUMSAE - it TR AR B0 R i U B A d /I A 7 e 5 P S M 5 293

5.1 FRIEIGRAEAR E PR R

TR 2 R T SR eI B R AR B
A RRE . B2 m, 4m, SLSFRESL. BT
WA SIS u b ER NN bu N [ VA o |
AN, B, RBTH AT SRR 2. B4, K5
3 500 g BT AN ] g R s 1 2 P IR 2 i I e i 2
AR BN ) i 2. R E T DX P LKL 6.

M YR 2] 4 N R, I B T e R
K, RIS, 9 s PR ahid o, Hak 2
JE Ry P I TR L, I B SEBR G L o ETH A I
A1 KRE L) H4.6 env/s, BEAK2 m)i B K HkiH
2)03.15 cnvs.  INEEELIRBNIHE L IIN K, il
JE % 3 e e R R BV, Y A LN ) e Bl
Ko HIFURDE S I TR Lo 0 A8 ) S, )5
WD s 2 50 B T /N LA 06 BT B
AR N )P SR IR 450.31 MPa, F#{%2 m
s RN R IEZ140.2 MPa,

14
L]
12 D -0 K4 m
- 10 & A2 m
Z Do — R E
5 s i b e fem
b ! i/
E 4 : /
0 .
-2
4 "
0 2 4 6 8 10

VST ) T/ ms

B4 R 1 EERIEE TR

Fig.4 Vertical vibration velocity during blasting

20 | im
1} B
25 F
]
&
= y
T80 f "
‘ﬁ R o (R4 m
E i om <o B2 m
35+ Vg — i
[ =32 m
Ve --m- B4 m
N
-4.0 *
0 2 4 6 8 10

T T/ ms

Bs5 REs 1 EENAHN
Fig.5 Vertical stress history

HIR I R EPE X AT LU Y 75 4 MRS
ALY 2 m 2o A R P AR AR

(RSB X 23 AT £E M AU A i B, o X i K
8.04 m%.

i
[[111]
i

N
A SS ST
S B
S

%
-~ f'I,/
— LM

gy
i
i
s
\\{\\\\\\\\

I
%

|

\‘\‘
\\

Be BBEEXE
Fig.6 Plastic zones of blasting

TR LRI R A SRR AR,

v=K(JQ/R) 6)
A 0 kiR R WHRET OIS K R
SRR RN R o hEmdat. % 3
HBRE XA RS K, o BUE

R3 BUEAFREEN K ofE

Table3 Kand o valuein different rock mass

EoRids K a
L20beye] 50~150 13~15
A 150~250 1.5~18

[7ecys] 250~350 1.8~2.0

DRI,y AR A % 2 7 3 A AR sk R AEL
XIBEE R A, MR TR, B O=4.8kg,
K=150, a =1.8, {E&iEHEE E A
5 RIS A S RV IIRSIEE R 5 en/s, AR
X (6), NFIREER /N AR R 9 11.16 m.
BEIE LV B, 59 RIS SR LA A S
PRILFLIOEE 4 9.5 m, /N TN AR, Mo
I 1% B AR T R, IR 4 AR 5 AT, G 2 m
FIFEAS 4 m PRIEFIN PN ZEA KR, LREaut
FHIE, HOEFE 2 mo
5.2 IRABENIRHAR E MR R

e 4.8 kg AL L, BFREAER
4.0 kgo JEINF, FETEAN) w4y a1 AR B
I ph 2 R T LN ) S 2Ry s LB 7 8.

MNHE EARBNEE T INRE, %e2y 4.0 kg I, &
THE T 1 R KIRIE L 3.68 cn/s, &K 2 m
Jo f KA LA 2.52 en/so M TR T3R50 340 152 1IN 5k



294 b +

b 2006 4F

A, BOET A 1 BRIk R L
0.2 MPa, FFK 2 m Je&ds KN ) B ah IR iEL
0.1 MPa.

il o K4 m
" -0 K2 m
P — Jg

: -2 4{7E2 m
‘ F’r’-l comdRT4 m

TEHIRSEE v/ cmes?!
~
n

IS}E) T/ ms

B 7 R 1 BRI LR

Fig.7 Vertical vibration velocity during blasting

-1.8 L
20 i
22 L -

£ 24 | -

Z 06 .

; w in

& o P o [FE4 m
32y L ~o 2 m
N . — Al
| . == 3hF2 m
3.6 1 --me 44 m
38 1 1 ! | |

0 2 4 6 8 10

N T/ ms

K8 XEm1EENNAE
Fig.8 Vertical stress hishtory

Bedim 4 kg BB AR A R X TR
6.26 m*,

PRI 2 DX BEE IR E L . S KN 193
PRI FNIBYE X ARG AN AR BE I o e 2l
TR ¥ VS br N5 I S N INA R I 3 T LA N |
PEX AN o 5225 4.8 kg AHLL, e 2= 4 kg
INHRENHE R T 19 %~20 %, fse KN J13shHRIE
BT 16.7 %~21 %, BBYEXTNA T 20 %.

¥ 0=40 kg AR (6), HAMSHAA, W]
KAF 2 AFE A 10.5 mo BEIE RITFEA SR %
AR S HEAH L, IR IE N 1% B BT E
ik 2 m A Be 223K

G845 U TR P T /N TR JE P P . TR 5 v B4
Mo R TR REE ¥ 22 Ak, B0 T RA I
RED R, FRIE RS = IS 2 mo

6 4

ARILIR] FLAC™ S I B S 4l B i AT
THUE AT, BUARE £ 1] B8 e 2 R xT L g
BN, G EUT 8

(1) BREREE, FEEA 1T A ksh LS
SRR R B R L, R RO, T B RS
BROBOR, BN e XFECII T TR R AR B
BN, BEIEIE 5 A A0 g5 KA R A8 5 i
S P T R Sl AT LN A BBy e T
5 I R A TG RS L, A SRAUERE
JrRE IR RETE 172 e AR RS e TSR R AR 2R,
WCREIE B R R 2 mo

(2) BRI Z DRPEEIRBEL . AN )
PeAPRMEATIEVE X R AT AR E IR . 22y
SR, W AR Bl AT B KN P SR )
AR AR AT EERE 20 4.8 kg, 2y 4 ke
oy B P RN g Hili 48 1 B T2 20 %, DAL, 3%
2y 4 kg INBEIE Iz 42

(3) 1E 4 MEALFLHEL 2~3 m oA
BN EN R, B REABINE . FRikezy i
Jr AT DX A b

(4) BRmbon DBR R e i, 4 il
I 30 fp /N TR 5 JEE (KD [ R 75 S50 M, O T il O
HEIRBEIB ) 24, N 5 I8 TR N ER, T
JEAR bR, FESR BT E R 2 m,  [A)ISR >
P2y A A I I, AR B2 2 R s 4540
% FEE IR BE TERS K IR, AR R TE AT R At
T, BRI R, Il el L
MIRA, HBHEEEZEANIE 4 kg,

2 % 3 MR

(1] XA, A L A8 ddt i U P o /N SRR TR R[], Bl
1%, 2003, 23(3): 4—6.
LIU Song. Discussion on minimum cover depth of
constructing subsea tunnel using blasting method[J].
Tunnel Construction, 2003, 23(3): 4—6.

[2] XURIAE, JEMS. 7K FEE Bl B it e R AR IR
[J]. PEEBERY LHE, 2003, 86: 103—105.
LIU Shu-nian, FAN Peng. Research on fast driving
technology of submerged tunnel using blasting method[J].
West-China Exploration Engineering, 2003, 86: 103—

105.



B DG it R RIOO i 2 R B A i/ A 7 ol 5 EE PR S MR 9 295
[3]1 W, BUIRY, Sefl. 2\ BB A RE S AT tunnel of expressway[J]. Chinese Journal of Rock

[4]

(6]

Y[, KIE L, 2004, 368(9): 74—78

XU Xi-bin,ZHAO Ming-jie, RONG Yao.Vibration effect of
blasting and driving of road tunnel[J]. Port and
Waterway Engineering, 2004, 368(9): 74—78.

EUE, Wby, SKe, 55 ABITBEIEROTE SNy
WG], 1%, 2004, 25(3): 412—414.

WANG Ming-nian, PAN Xiao-ma, ZHANG Cheng-man,
et al. Study of blasting vibration influence on close-spaced
tunnel[J]. Rock and Soil Mechanics, 2004, 25(3): 412—
414.

FE e, EUVE, BREREE, 55 BREHUEREAE R
SRy S NEE A AT D], HFRE AR, 2004, 20(4):
137—142.

GUO Sheng-bing, WANG Ming-yang, ZHAO Yue-tang, et
al. Dynamic numerical analysis of underground structures
under action of explosion seismic wave[J]. World
Earthquake Engineering, 2004, 20(4): 137—142.

X B Qiu, S C Li, W Z Chen. Numerical analysis of rock
cover thickness of subsea tunnel[J]. Tunnelling and

Underground Space Technology, 2004, 19: 426.

[7] Chengqging Wua,Yong Lu, Hong Hao. Numerical prediction

(8]

of blast-induced stress wave from large-scale underground
explosion[J]. International Journal for Numerical and
Analytical Methods in Geomechanics, 2004, 28: 93—
109.

K, BRI, A, AR R A B RES EX
HEAHERE TE IR ST, A0 0 TR AR ]
2004, 23(342): 4 744—4748.

LI Fei, CHEN Wei-zhong, LI Shu-cai et al. Study of

effects of blast on shallow large-span double-linked-arch

(]

Mechanics and Engineering, 2004, 23(supp2): 4 744—4
748.

FHOR, IRIETC, 24 5t BRBORSRR A XA E MR
W) FLAC™® 43 HT (3] 41 J1 % 5 TR 4R, 200,
24(16): 2 894—2 899.

YAN Chang-bin, XU Guo-yuan, LI Xi-bing. Stability
analysis of mined-out areas influenced by blasting
vibration with FLAC3D[J]. Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(16): 2 894 —

2 899.

[10] FER, XHER, Wk, 55 Hum 53 TRy hiE

M. JEES: SR b H i, 1990.

(1] Wi, sl e RN M), G HE:  ER R

AR HRAL, 2001.

[12] FF50E, XIEME, sKAEMk, 5. BREREEARM].

bt PEIE AL, 1995.

[13] Ttasca Consulting Group, Inc .FLAC®® Fast Lagrangian

Analysis of Continua in 3 Dimension, Version 2 .0 , User' s

manual[M].USA: Itasca Consulting Group, Inc., 1997.

(14] Bk5, )1, ZJate, 5. EHLFEIE /NG BB HE

B RUUT). #1007, 2004, 25(1): 501—506.

YAO Yong, HE Chuan, YAN Qi-xiang,et al. Numerical
simulation of blasting control for small clear distance zone
of Dongjiashan tunnel[J]. Rock and Seil Mechanics,

2004, 25(Supp): 501 —506.

(15] SRehf, skakde, VRRSE, &% ANUZREIE R

ROV IRIGATFE[T]. HhEBRIERE 2, 2003, 24(4): 92—
9s.

GUO lJian-qun, ZHANG Ji-chun, XU Hai-liang, et al.
Seismic effects on drive blasting in Renhechang tunnel[J].

China Railway Science, 2003, 24(4): 92—95.



