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Abstract ; Based on the experimental research of the blasting vibration effect on ground in complex shallow tunnel ex-
cavation in a section of Beijing subway, this paper studied the ground vibration characteristics at equal distances in
the front and rear of tunneling blasting sources by whole course tracking and monitoring the blasting vibration veloc-
ity and analyzing the data. The results show that the opening formed by the excavated tunnel has a scattering and
amplification effect and that the vector sum (PVS) of the peak ground vibration at the rear of working face is about
1. 22~2. 04 times that at the front of equal distance. After the numerical simulation with ANSYS/LS-DYNA., it has
been found that the simulated results are in great agreement with the field measured results in terms of changing law
and characteristics. With the specific explosive charge and other material parameters fixed and only the buried depth
and section size of tunnel changing, numerical calculations were made and the analyses show that the amplification
effect, sensitive to tunnel depth and section size, is more notable when the tunnel depth is shallower and the section
size is greater.

Key words: city subway; shallow buried tunnel; surface vibration; amplification effect; numerical simulation; tunnel

depth;section size

|

W H #8:2015-10-23

YEE B A BN (1989—) B I AR AL B 50 AR, EBNF A+ TR BT 5. E-mail: lvyjiren89@163. com
EEMEA961—) I IR Te N JE T A U, 32N R TR Uy T A B0 5 I AR AR SGE R AR
E-mail: wds812123@163. com



Iﬂﬁﬂﬁﬁﬁ 80 %3%%E EF1H Vol. 35 No. 1
%*@ 2016 &£ 2 B Feb.2016

T 0TI i THT 3 % A5 0 U B R K RS OO T o S B Bk TR i % e T S A AT R . T2
T HBBR R T 5 T 2 WA 2 I AR A I R 2 U DR AN R B O U o (BRI A A R A R 3R
A 3 TR ROV L % AR AR B K FCAR T A R S 1) 22 A PR AP 7 A R RS i 24 3 T 7 A2 4 R A A%
TF T3S AR 2 ek (7 o R A ol B0 A S BRI Y — R TR B S — S T R R 3h 4K
O RIF 9 S8 42 1l $R BB 20 6 5 10 R Bl 0 B L L R S S R 0 TR 0 R PR . A B O RO T %
725 15 by B B 1) SR 0 B 2l  ZE AR BN FE T ARVF R SRR T L S TR R B KAk . B AR AR i P A ) L 2 2
56TV HE % T B R 1) b R B R R R g

PAAE 50T 2 ok 09 e R T o U £ R A A A SR ) e R i R O R TR D R X
M R P R R S L T ANSYS/LS-DYNA B R A7 BUE AU TE  F3F A ot — € B9 25 A5 T 4 2 5 5 i
7 S S5 B S AL ) b 3R R P B R B T RS A S e O AR B U7 R AR S A AR R R TR R
05 A e T

1 TE#EHR

T b 5 M Bk R L R T A0 % T 14 DX BE A T R B B 5 AR B SRR R T 0 5 O 40 m T 30 m.
gl A TR R U 2 20 m BRI X BO A B3, )RR 12 m 2 R B A B DU L )= R
SE P PO = ARG PE Al 08 £ R tb 12 R T RZE N9 A DA semb s o 35 A BB X
PR fh o 2= b A5 JZ B W BN R R L B AR R W ORI R AR S 8~ 10, B it bR I8 HE U M AR
21 m. Wi & 5B T2 R 6.4 mL 9 6.3 m,

2 B ILAREIREN

2.1 BHEIAR

I A 5T S DL IR A e 4 FLFE GB6722-2003)
TP BB AR B2 A ST AR UE S AR TR R R B KN
W T B i 1 2 75 5 AR 4P 00 2 CRD SR Y
I 3l WE DU, A R B R VF I S R AT I B Y
R T AR IR T 5E R A8 4 A R E AT, R B
SRR EE KD S A (AR B BV (BN 1 em/s,

FH Gt T 07 % b 6 B ok AL i il
R ) DU HE B S A IR T R 1. 4 m; R IR K

1.2 m ST 0 5 R P 5 5 A I B A / / ?/\ \ \ g
IRANFA AR 2 ms i) 22, 5 B AR AT IE AR 4 ms i)
ZE MG HEE R AL R . & 62 MR, LR
42 mm, B4 2 30 kg, Wi i AL 18 m® , FE 24 FALFE E1 FARMAKBERETESRIBMEZT
1.7 kg/m® , # R 1.0 m, L FLF) = 85% ., AL Fig.1 Blast pattern of upper bench and electronic
]}4%%@ Hﬂ‘l&i‘l‘ﬂ@ 1, %ﬁj}ﬁ&i—fﬁ% 1, detonator detonating time design
*x1 AWMEERITSHEE
Tab.1 Blasting parameters of bench method
AL Ex FA B /A fLIE/m LK /m LR kg B/ kg
TR RS IR 60° 4L 6 0.6 1.5 0.8 4.8
Eii-1 70°RHL 6 0.5 1.4 0.8 4.8
LB Al B IR 80°RHL 20 0.7 1.2 0.5 10. 0
JA 1 HR EHFL 19 0.5 1.2 0.2 3.8
i A IR TEH AL 11 0.8 1.2 0.6 6.6
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Tab. 2 Measured data of ground vibration velocity
PVS/(mm/s)
Tt 254 ke M AL/ m JE VR B/ m on o n o n -
20 29.22 26.3 25.9 27.3 22.9
15 26.05 31.4 32.3 31.7 30.2
10 23.53 36.3 37.3 38.3 36.3
5 21.88 43.9 44.3 43.9 39.2
Q=9.6 0 21. 30 45.9 46. 1 46.7 43.4
-5 21. 88 67.2 69.6 64.1 49.7
—10 23.53 74.1 73.2 77.3 52.7
—15 26.05 49. 6 52.7 43.2 39.3
—20 29.22 36.7 35.6 33.2 32.1

T :PVS Jydi Kl g % i B A

3.2 HRIEZNEESH
e 2.1 3 & 4 nl i, B 70 5 7 Hu R AR ) PVS (peak vector sum) 5 H i 77 5 i 28 4b B A i K8
G, HL 0 AT 25 o 4 5 ) 19 T ST 38 SR /N L FE 10 m Ab ik B B R SRR IORAE B 1. 22~2. 04 Z 4],

4 BERUTFR

AR T U 5l BRI Xk b 2 IR 5 T R A R M ST i R T X A M R D ) TR ) A R A
W RS 6 X LR AT B A3 AT o BO(E 1% 76 AT 8 b 45 4 B 02 2% 3 1 R M Oy T L AT fige T 125 S L 11 1 39
L BT B v X R A7 o — 2P

P00 T A R T b T 01 e ) 4 2 R — K T KT T iR Bl R TR R AN
SYS/LS-DYNA BT ST L & B fif 2 45 55 R i R sk A8 AR LA . R em-g-pes B0 R T ALE 2%9)
o - [ A 5 B0 AT AR



LIFREHEXRS - %£35% 210 Vol.35 No. 1
%*@ | SARLFRR 2016 £ 2 B Feb.2016

N
[\
1

—a—21H
%\ —e— 16H

L
=
T

égof —a— 16H
>
-

—_
=]
T

—_
[=)}
T

X AR R A
n

=
[\
T

—_
=1
T

1
0 5 10 15 20

-20 -10 0 10 20

) 5 B R PEKCOF B S /m Y e BEARE R 46 X 7K T BE #5/m

B4 REHAREBHEKFESELRTEE

Fig. 4 The curve of vibration velocity magnification
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Fig. 3 The curve of vibration velocity for

surface measuring point times with the changing of distance
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Fig.5 The finite element calculation model Fig. 6 Mesh generation

4.2 MBESHEN

BEH " MAT_NULL J i N 25 R bR A L © MAT _SOIL_AND_FOAM fE 2 £ JZ i) 44 R AL
*MAT_PLASTIC_KINEMATIC Jy il & FI4 08 i A4 B8 MAT _HIGH_EXPLOSIVE_BURN % 2 &
A FLAKE SRR . B BB S MO T 3% 3 MR 25 DR TT S BB T4 4.



= RIE

R Hb gk R VT 1% 8 AR BE R AR M R IR DR IR BT R

83

Journal of Shandong University of Science and Technology

®3 HEEBEWABSHE

Tab. 3 Material parameters of numerical model
7 7
Hil & + )z e =5
%% /(kg/m*) 2 600 1730 850 1. 29
LR /GPa 62 0.03 0.000 18
)R/ GPa 11.2 3.85
EE/Y 0. 25 0.32 0.35
P58/ MPa 2.580 0.016 0. 040
M & J1/MPa 5.50 0.06
W EESF /() 43 32
x4 HARHERSHBESHEEXRY
Tab. 4 The table of state equation parameter for explosive
p/(kg/m*)  D/(m/s) A/GPa B/GPa R R © E,/GPa Pe/GPa Vo/(L/kg)
1 300 4 600 214.4 0.182 4.2 0.9 0.15 4,192 32.4 1
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Tab.5 Results and errors of surface vibration parameters simulation

KR IK -/ m S ke PR B/ (mm/s)  BERLTRE FLIROM A/ (mm/s) 4R 2%/ (mm/s) X122/ %
20 26.1 27.3 1.2 4.60
15 30.6 31.4 0.8 2.61
10 34.8 35.7 0.9 2.59
5 38.3 37.1 —1.2 3.13
0 43.1 42.5 —0.6 1.39
=5 63.5 62.6 —0.9 1.42
—10 73.9 75.8 1.9 2.57
—15 47.5 48.6 1.1 2.32
—20 27.8 29.2 1.4 5.04
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Fig. 10 Influence of tunnel buried depth on amplification Fig. 11 Influence of tunnel section size on amplification
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