LERIE I R 1®onk Vol. 37 No. 1
2020 43 A BLASTING Mar. 2020

doi:10. 3963/j. issn. 1001-487X. 2020. 01. 021

INEBERREY 2@ WAE A T SRR IR B M Sz A 53
mLE LR L AEL,YTHEE T
(1. BT B PR LA RAT, G M 318000;2. WL Wk T R4 A B 7, Hit/H 310005;
3. AR RN A A U AR e Fa ) 5 R A T R 48 S SR L MR 4112015
4. v TR R (R TRR2ERE , i1 430074)

W OE: EGEEBEY I TP, BB RAVR RS, ST R 2 AL R KRR, T
FCHRARAR R T AR 1% 38 3R Bh e B4 AL AR I AT I G R4 AR L I T dE LA R R I Ik A ) K X I e A
BEIATT ik A R ARAF R T AR 18 B AF AR R R RAAE S 2 T M Ak R 38 5 AR 8 SR B R L £ SR
REU R AARBEIE A AR RF R KR . ERAGE R, BB Y 2 A xE AR R R 38 3R B e 6 % eh
Ko ARF L 68 BN B R R AR, IR 3 3R E K B A I I T 1A 3R 3 TR A R 4R K, BB 4 SR 3h TR JE
BB

KPR DEFERRE; P AT BRARAE R AR EE ; RBhik E

FESHES: TD235.1 XERFRIZAS: A XEHS: 1001-487X(2020)01-0145-06

Study on Vibration Response of Adjacent Tunnel Induced by
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Abstract: In the expansion excavation project of closely-spaced tunnels, the blast vibrations from the tunnel
under construction have a great influence on the stability of the existing adjacent tunnel. Based on the expansion ex-
cavation project of Loushan Tunnel in Wenling City, Zhejiang Province, the vibration characteristics and attenua-
tion law of the adjacent tunnel under blasting effects were studied by field vibration tests and numerical simulation.
In addition, the vibration response from the tunnel under blasting construction was compared with that of the adja-
cent tunnel. The results show that the vibrations induced by cut holes have the largest amplitudes. The vibration re-
sponse of the adjacent tunnel is more influenced by the near-area blasting. The vibration intensity of the adjacent
tunnel is higher on the side closer to the blasting site. Whereas the vibration intensity of reverse side is relatively
lower for the existing tunnel space has a great attenuation effect on vibration.
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Fig. 1 Excavation procedure and blasting design
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Table 1 Blasting design parameters of each section

EIRE ropanti L% /m WAl 2k B K 2 ki /kg St /kg PR I
I (HA) 1.1~1.7 0. 15~0. 90 4.50 23.10 MS1~MS15
I Gl t)) 1.1 0. 60 4. 80 15. 60 MS1~MS7
1T Fn T 1.1~1.3 0. 15~0.75 4.80 25.50 MS1~MS15
VIV 1.8~2.0 0.30~1.20 6.75 36. 00 MS1~MS13

VI 1.8 0. 75~0. 90 6.75 52.95 MS1~MS15
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Fig. 4 Fitting curve of peak pressure of water shock wave
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Fig. 5 Numerical simulation model diagram
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Table 2 Parameters of explosive

B p/(geem™) B D/(m-s™) A/GPa

B/GPa

R, R, w E/GPa 14

1. 64 4000 3. 74x10°

3.23%x107

4.15 0.95 0.3 7.0 1.0
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Table 3 Parameters of rock masses

T p/(geem™) kst y  JEARERSE o /MPa FPERLE E/GPa WY G/IMPa TEAL R B n
2.68 0.22 5.5 0.228 22 0.5
x4 FSRRTESH
Table 4 Parameters of lining
I p/(grem™) HA L v PR G £/GPa B YRR G/MPa
2.67 0.25 0.202 22
x5 ZEHITESH
Table 5 Parameters of air
B E p/(grem™) % C, c, C, C, C, E
1.29%x107° 1.0 -1.00x10°° 0 0 0.4 0.4 0 2.500x10°
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Table 6 Parameters of steel frame
B p/grem”) WYIBLRE GMPa BFERERE £/GPa BALIRE n  WIRPIARERE /)
7.83 0.77 206 0.26 0
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Element no. 2 Element no.
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Fig. 6 Time history curve of vibration velocity
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Table 7 Peak vibration velocity of each measuring point
FEOHE Rim 40 50 60 80 100
PR % 1 1. 425 1. 145 1. 001 0. 685 0. 477
IR AR V/(em-s™) o
A3 % 1 1. 609 1.235 1. 100 0.705 0. 459
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Table 8 Peak vibration velocity of the most dangerous
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Fig. 7 Time history curve of vibration velocity

Fh 2% 8 AT 7 AT -1, 2Pl B A fe £ 6 W T, 0
% 3 Fe /ML H BRAE 22 LRI B, M 0. 171 em/s
e RAEAEA M HEEAN S, R 1. 761 em/s, /NTFRERG %

THEORYR A L R PEHIE 2. 5 em/s. BEIE WTTE A7 U A
SULDE TN E SRS VB ol N B 7 31 WX [ EE A i ST
TR | 5 B 3R 0 SR IR Mg a0, DR b 43 T
/809N 7/ G R E 20 RS S [ 82N 7 9
1M, P SR 08 5T i 3Dk 00 Ay ke S i e SRR AV,
DR S 20 00 g DL T, R T b R S A Y RE
R, B T R 2l LR o T g 0 g, B R
18 23 A X 4R B R AR B, MR I RE REARAE R
JIr 5 1 3 P U B BE AR X 5/

4 it

A 2 X6 /0N T R T 447 AR A B B A
KRN, TIPS TR AT T 4081 % 3 ik sl
PAFHE B AL . R RS IR T

(1) 3 T IR 50 56t 32 i g8 B 140 8 T A DB A
HE AR B 24 5| R 1) B G U Bl e o, FE R DR A
G2 R AL Bl el e R

(2) BB BT IX, B B 472 % 0T 208 ) % 3 41k 3
M 7 53 M) RS, I A O e T AR 2l it e

(3) 0831 i 38 30 AR 00 5 AR D30T, AR 07 34 75 0 445
7 BB K, BRI AR Sl B R I AR R, BR
A I 8 2 8] X4 I T I AR, i D6 R 40U FE
R s e iR 2l 3 FE AR RN

% # 3T ik (References)

[1] MASHIMO H, ISHIMURA T. Technological develop-

ment of section enlargement for existing tunnels [J]. Tun-



150 1 2020 ¢ 3 J1
nels and Underground, 2003, 34(9): 729-736. ease causes and rehabilitation schemes for the Taoping

[2] TONON F. Methods for enlarging transportation tunnels Tunnel on Houma-Yueshan Railway[]]. Modern Tunnel-
while keeping tunnels fully operational [J]. Practice Peri- ling Technology, 2019, 56 (1) : 192-199,204. (in Chi-
odical on Structural Design and Construction, 2010(11): nese)

248-271. (0] ¥F i, S8HHr, Fafh, 4. B iR ek ai 1.5

(3] B &I, A, RIS, 55 JF A B E 57 g b 2k 7 WA 25505 5 BEE 1 3 Sy o BT L) . KRB, 2019,
R UL PO S oA 1], 5 02 5 TR A 36(1): 90-96.

2013, 32(S1): 2883-2890. [10] WANG B, GUO Xin-xin, WANG Zhi-weil ,

[3] JIA Jian, SHI Jing-shan, ZHOU Shun-hua, et al. Fore- et al. Caused dynamic response of existing tunnel with
cast and analysis of surface settlement of metro station cracks to blasting excavation of newly-built tunnel [J].
constructed by shield tunnel expanding[]]. Chinese Jour- Blasting, 2019, 36(1): 90-96. (in Chinese)
nal of Rock Mechanics and Engineering, 2013, 32(S1): (1] 5 b, Bk BH, = . IVEEAREEEREY 12
2883-2890. (in Chinese) JRELLHELT]. 2%, 2019, 64(12): 298-303.

(4] s, Mo, B3 A R B T 32t 8 [11] NI Di, Chen Ming, KANG San-yue. Compasion and se-
AR Tz e 1], 22 388 K54k, 2019, 38 lection of drilling and blasting expansion scheme for
(1):7-12,18. grade iv surrounding rock tunnel [1l. Highway, 2019,

[4 FU Li-lei, MEI Zhi-rong. Study on construction technolo- 64(12): 298-303. (in Chinese)

gy and safety of shallow buried tunnel of the Xiamen-Li- [12] @ FLES, PRI, K5 9, 46 . DU 42 hE 8 MR ik
anyue Double-line[J]. Journal of Lanzhou Jiaotong Univer- PR H R E R[], g KRR (A %R
sity, 2019, 38(1): 7-12,18. (in Chinese) R, 2012, 33(1): 79-83.

(5] 4 i, §2ets, EHTW. B =480 R iE Y [12] MENG Fan-bing, LIN Cong-mou, ZHENG Qiang, et
2 B 0U TR TE A2 5 SR n R BB [T, A il al. Influence of expanded four-lane tunnel blasting vi-
A, 2019, 35(6): 89-93. bration on new tunnel[J]. Journal of Huaqiao University

[5] YU Shun, HU Xue-bing, XIA Yang-yuyu. Discussion (Natural Science), 2012, 33(1): 79-83. (in Chinese)
and consideration on the excavation scheme of expanding (131 FROHHT, H—ng, SHENE, 45 MR st BE A ek
three lanes into four lanes of single highway tunnel [J]. b% 18 W) e RS A M )], MR 2SR TR 2
Journal of Transport Science and Engineering, 2019, 35 iz, 2018, 14(3): 813-818.

(6): 89-93. (in Chinese) [13] ZHENG Ming-xin, XIA Yi-ming, HU Guo-ping, et al.

(6] #/htL, FAEM, Mr . MEARREY & TR K Impact analysis of blasting vibration on the safety of ex-
Boe s (], scm A5 T, 2010, 26(1) : isting high speed tunnel lining [J]. Chinese Journal of
49-58. Underground Space and Engineering, 2018, 14 (3) :

[6] YANG Xiao-li, WANG Zuo-wei, CHEN Jie. Extension 813-818. (in Chinese)
engineering of tunnel and stability analysis of lining struc- [14] 2 R, R 52,05 8, % A REEE AR
tures [J]. Journal of Transport Science and Engineering, FIEBI [l e s 4 B (). FE A, 2015, 32(3):
2010, 26(1): 49-58. (in Chinese) 123-127,145.

(7] B3R, 7 b, M/, 25, BRIEY 12 B A i i [14] LIFeng, WU Liang, XU Feng, et al. Perturbation anal-
FERGYRBRLT ). Rt , 2019, 48(6): 48-54. ysis of hole and adjacent tunnel surrounding rock in-

[7] PENG Ze-sen, NI Di, TAO Xiao-jun, etal. Blasting Demoli- duced by schist tunnel blasting[]]. Blasting, 2015, 32
tion of Existing Lining in Tunnel Expansion Excavation [J]. (3): 123-127,145. (in Chinese)

Explosive Materials, 2019, 48(6): 48-54. (in Chinese) [15] E ¥, 56008, Edfh, . B RE st T

(8] = E, HERL. ERMET A REY 28R WA 25 31 5 B 4 s T o 1 A3 [ ). 4R, 2019,
[J]. TR, 2019(4): 39-44. 36(3): 116-123,146.

[8] WU Hui, WANG Yin-zhong. Expansion blasting tech- [15] WANG Bo, GUO Xin-xin, WANG Zhi-wei, et al.
nique of existing tunnel in complex environment[J]. En- Caused dynamic response of existing cavity disease tun-
gineering Blasting, 2019(4): 39-44. (in Chinese) nel by blasting excavation of newly-built tunnel. [J].

o) £ & W, WK L R T ZRPR TR B A T A Blasting, 2019, 36(3): 116-123,146. (in Chinese)

Je st )5 o (0], BUARRE B £ AR |, 2019, 56(1) : [16]  GB 67222014 K¢l 2 2 MRS ]. bt bR
192-199,204. Jikt, 2014.
[9] WANG Fei, HU Li-xue, HU Yong-zhan. Study on dis- ES &R RS





