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Analysis of Blasting Vibration Response Characteristics
and Safety Control of Front Tunnel with Small
Clear Distance and Large Section
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Abstract; 1In the process of blasting excavation of rear tunnel with mall clear distance and large section, it is very
important to ensure the safety of front tunnel exposed to blasting vibrations. Based on the six-lane Xiaoyu Tunnel of
Beijing-Qinhuangdao Expressway,a blasting vibration velocity distribution law of the longitudinal and transverse sec-
tions of the front tunnel was monitored and analyzed during the excavation of the rear tunnel. The blasting parameters
of the rear tunnel were dynamically adjusted and optimized, and the safety control measures of blasting vibration were
put forward according the monitoring results. The results showed that the vibration velocity on the radial direction of
the side wall of the front tunnel was the largest when the rear tunnel was excavated,and it is mainly caused by cut
hole blasting. The vertical vibration velocity is slightly lower than the transverse vibration velocity. However, there is
little difference between them,and the blasting vibration energy is mainly concentrated in the frequency band of 30 ~

100 Hz. For the vibration distribution on the longitudinal section of the front tunnel, the peak vibration velocity de-
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cays with distance,but the vibration velocity on the unexcavated direction is relatively higher,which is 1.2 ~1.6

times of the vibration velocity on the same excavated distance. For the vibration velocity distribution on the cross-sec-

tion of the front tunnel, the vibration velocity on the front side is 5 ~ 10 times higher than that on the back side.

Multi-stage cutting was adopted to optimize the distribution of the holes. 12 different delays were adopted to reduce

the charge per delay,and the delay interval was increased to 60 ms to control the blasting vibration. The field practice

shows that the optimized blasting design can reduce the vibration velocity of the side wall of the front tunnel by about

50%.
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Fig. 1 Schematic diagram of the entrance of Xiaoyu Tunnel
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Fig. 2 Geological diagram of longitudinal section of Xiaoyu tunnel
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(b) Lateral view of the three—step excavation (unit:m)
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Fig. 3 Schematic diagram of the three-step construction process
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Table 1 Blasting parameters for the upper step

AL EEBO LA ALK /m L2 kg BUIERKE/m B/ kg A RCR/

FaFEfL 1 8 2.4

2 6 2.1

i 3 6 2.1
AL

4 6 2.1

5 15 2.1

TR 5L 6 33 2.1

il 7 11 2.1

8 10 2.1

aif 95

1.8 0.6 14.4 8
1.4 0.7 8.4 6
1.4 0.7 8.4 6
1.4 0.7 8.4 6
1.4 0.7 21.0 15
0.6 1.5 19.8 33
1.4 0.7 15.4 11
1.4 0.7 14.0 10

109.8 95
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Fig. 4 Layout diagram of blasting hole(including initiation network ) (unit;cm)
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Fig. 5 Monitoring instrument
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(a) Longitudinal layout of measurement points along the tunnel
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Fig. 6 Layout plan of measuring points( unit;m)
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Fig. 7 Range of measured blast vibration frequency
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Fig. 8 Vibration velocity comparison of each

longitudinally arranged measuring point
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2.2.3  SGATRARE @IRE S A

10 28 VRFE GO IS J5 5 m Abfa]—
R AT T 5 0 S P X FE o PR 10 R AR R ) 0
PRI S5 []— DB T A 30 A58 000 370 338 R 4R 467 8 i
SR R T A B, 203585 07 B 300 A% 0 A1 3 AT IR Y
PR 5 ~ 10 5, XA AF G 5 0 4 20 1) — B A
X R 7] — 500 VAT T 200 e A0 30 358 RN HE A7 3 e 5
Wil d5e A, R T Bt 128 4, MRt T 0 2 B
LR 2 A SR W AR e U

1.49

P10 [i] — b T 500 A8 i IR X L P (B < em/s)
Fig. 10 Comparison chart of radial vibration velocity of

each measuring point on the same section( unit;cm/s)

3 BRI EEHERR TN

3.1 BWiRzhREEHHEE

T X R A I B0 94 4 A e 2 2 LA L
Z - OB R R A PR ; @FHX PRI R B
$EE 5 BT X i fe P 7 AL R R vh O PR i il . AR
R s NS T i C L R 23 S E IR SRV €
Jith, HAAHE AT -

D) BeREEE ZUE I NEZS . 1R IE R b T,
BEXSANTRI A B A A, B8 AN [R) 9 B A HE 25 M2y
(10 56 g 8 A OAC, g M IR o AL K 3 o e

A IE P KEZ 5 B, A6 R PR A ™ A6 1 e i R Bl R
AR TR AR RE (A% 32 21 41831 Y il H KRS R A A1, A
T A AR A X S A T s 3 )5 i) PR U8, T 6 AN () 71
T ARV SE R BB, B O [ B I KEZ .

2) AR BB 2 o, oy B AR R . R AR BT
T Fe 2 a2 3 AT R R S o B2 B E A
XK, TURE TR LB 2 i, B () BT, oy B IE )
TSR REAR AT H P AR B Rl . AR SR A p, B
FE B AR ANASURT LA B dd ol /N B B 24 ik A T o PR R
P, o ] DIAR G b $2 i e A4 0y, 2 T AR b —Fh -
YRR AR . X TR BB 2 1 R
0, T (IR L T B A , R FH 16 L ) fE 2R L
SRR ) ZE PR B2, AT 3R A AR A 2050 58 AR 45 il 2 ke
P

3) KRG B RE FLAE A . DA I 45 SR )
TV R T, HAE LT Bk T8 98 B0 110 5 i e o (25
K2 B FRE FLA5 #2544 T LI /b B 2
i, [l SR — AR LR B Y i — o 25 A5 28 4
PRI LA, BB 50 b ol /N A A I K, 48 15 91 2
R
3.2 BEigitiii

A b B v 7 B S B i i S K
L2 2 R LA T RN

1) FRE LR — 90 2 B Rl |, 5 — A0
FLALEHE 1.3 m, “RALITHE 0.5 m; 58— dalifL
HE=F, FFEFEO0.5 m, 5 — Ryl s —
2, I F)2fLEE 0.8 m,

2) 4 BhFLY 51 A AR AR AR, I AR A i 1
/N FIIE IR A % g HE B R M L % 4R R 8L IR
0.65 ~0.9 m,HEHE 0.65 ~0.8 m,

3) FREFL B AL A R 2 3 i 25% \30% ,



178 W

2023 46 H

EBONRE N 12 B, B L2 AL AN Y BB 2Y
s, LA BWTEE AL R B anlal 11 B

71 5 B BOR R R BR3S i 2 60 ms, DLyl /D Hb 7% % 1)
o

*k2 RUBELEMEERAINREBHBRSHR
Table 2 Optimized blasting parameters for up step

HAAR REER LA Beegihskg  EwESE/ A
— 1 6 10.8 6
]

" 2 4 7.2 4

3 8 11.2 8

4 6 8.4 6

5 4 5.6 4

HEAL 6 4 5.6 4
7 4 5.6 4

8 9 12.6 9

9 8 11.2 8

THHE £L 10 33 19.8 33
- 11 11 15.4 11
w 12 20 14.0 20
it 107 127.4 107

50

230

398.2

P11 AR Sk b £ A AL (5 A I ) A7 1 1] K AR LU T ] (B < om)

Fig. 11 Optimized blasting hole layout (including initiation network ) for up step(unit;cm)
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