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[ABSTRACT] In order to effectively control the harmful effects of road graben slope blasting on adjacent buildings,
based on the deep excavation road graben blasting project of the Anshun to Panzhou section of the Shanghai-Kunming
Expressway, a combination of numerical simulation and field experiments was used to analyze the vibration response laws of
adjacent buildings under different blasting parameters such as delay time, charge structure, and blast center distance. The
results indicate that under terrain conditions with an elevation difference of 50 meters from the center of explosion, a delay
time of more than 15 ms can attenuate the vibration velocity to 1/2 to 1/3 of that of a simultaneous explosion, and interval
charging can attenuate the vibration velocity to 1/6 to 1/8 of that of a continuous charging. The degree of vibration velocity
attenuation varies with different delay times and detonation distances. The delay time for detonation should be controlled
between 25-30 ms within the range of 30-70 m. In this way, it can effectively attenuate the vibration velocity and limit the
vibration time to within 1 second. Based on the research results, an optimized design of blasting parameters was proposed.
At a safe allowable vibration velocity of 1.5 ¢m/s, the maximum charge for the section is determined to be 29.0 kg. After
implementing dual zone blasting optimization, the peak vibration velocity at each measuring point is lower than the safety
limit, indicating that the plan is reasonable and feasible.
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Fig. 1 Geological plan of deep excavation cutting
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Fig.2 Comparison of blasting area before and after blasting
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Tab.2 Material parameters of the rock

W/ PR A JENRR S/ dngktiiim/
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Tab.3 Material parameters of the building frame

structure
T N T e Y
(kg+m™)  GPa 8 MPa GPa
2 500 32.5 0.20 26.8 3.25
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SR BME F SGEESE + Mat_Null 2 X, XS
B4l
k4 EAMAAK

Tab.4 Material parameters of the air

p/(kg-m™) ¢, ¢, C,
1.20 0 0 0
C, c, C, c, E,/MPa
0 0.4 0.4 0 0.25
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Tab.5 Material parameters of the explosive
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R, R, 1) E,/GPa
5.2 2.1 0.57 3.87
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Fig.3 Schematic diagram of model and grid division
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Fig.5 Peak vibration velocity at measuring points under

four delay conditions
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Tab.6  Amplification times of peak vibration Velocny

at the measuring points under interval charge

T 5 TH I TH 111 TH IV
1* 0.62 0.87 0.60
2" 0.48 0.52 0.41
3* 0.67 0.88 0.58
4* 0.49 0.60 0.45
5" 0.50 0.54 0.43
6" 0.74 0.87 0.66
7* 0.85 1.09 0.75
8" 0.71 0.99 0.69
9* 0.61 0.70 0.66
10* 0.62 0.72 0.57

g phi I ARE R R
2.5 IR0 BE X M0 AR AR TR B A L Y 22

I T RIIAI 9T AR LS5 18 , 76 4k
PR TRET, 20 ms Db A% 18 5 28 B sk ) 458 0 &
B I, 437 30, 50, 70 m 3 FhEROHEE R 20,
25 ms F130 ms FESPIRRAY A% BEHE D I MR BARAY | X iR
B R AT 53T
2.5.1 FRMEOEE TSRS 30 2

PL 20 ms SEHARF R ], 258 7 30, 50 m F170
m MEOEE RIS 17 2% 3 AR I AR A £k LASETE
HFYRERIRSIE R, i 8 Fis

SRR T I A i it 2 s BR Bl R
AERL, D58 06 1 S ] 5 K 247 R A s ) X 1, L it 5 4%
PR RGN 0 SE IR R RN A B R IR B 1Y
FERRHRUEE, 7630 m O, Bl M 258 1 g,
P 2 i ;0. 08 s J5, R ZZ 12 W, 50 m 4R
DR, B4 2 0 ., (F R 1 Jd A B 0. 03 s
NP RYR G, B R, 70 m SO EETR B
BRI A 3 ~4 NG PREAE 70 m A0 &
=38
2.5.2 AFIRTHIEERE

3 it BER 231 20 | 25 ms DL 30 ms 41
IFIE) R 50 10 I SR W PR3 o, M2k, JnTET 9
Fis

S {1 S8 B RRR o B () BT B A . AN TR S8 B
T ERRIRE AR B T, Bi4n,30 m 4b, dx
Kl H B 25 ms ZERS T AL AT 67550 m 4k,
I K AR HBLTE 30 ms ZEAT T4 I 45 67,70 m
A e KR IRAE 25 ms ZE IS T B A 37,

R S SO s [ X6} S SR 40 50 114 52 i it 4% o B )

1.0
%08
£0.6

0 002 0.04 006 0.08 0.10
i [ /s

(a) W& 17

0 0.02 0.04 0.06 0.08 0.10
i [ /s

(b) M5 2"

]
|

bl

f:i‘l“Z) J&M\* Wkl/‘ ‘ \/Mdﬂw f\

§0.84 11" ",

<56 M‘V

Eo.zs A
0

\/v\/hw MA» ‘hV 1 50‘,3,
) H70@5‘r

0 0.02 0.04 0.06 0.08 0.10
i [ /s
(c¢) M5 3%
B8 WA 17 ~ P 3% Ay R A AR i £k

Fig.8 Time history curves of vibration velocity

at Measuring Point 1*-Measuring Point 3*
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Tab.8 Blasting parameters for pre split holes on Steps 4*-7%(far away from residential areas)

Lz fLEE  ZHER EER LR LARNTIE A/ IR LR R, AEARTE
d/mm a/m d,/mm h/m L/m (kg-m™") l/m kg ms
90 0.5 32 1.5 14.0 0.32 3.5 5.1 30
A9 B ERRIRIUER A S
Tab.9 Deep hole blasting parameters far away from residential areas
Lz JEFARIT L HERE fLER FERES LB B AL R HIERE
d/mm W,/m b/m a/m h/m L/m 0/kg L/m
90 1.8 2.0 2.7 1.5 11.5 24.0 2.5
%10 &M 4" ~T" AR AR (FLERR)
Tab. 10  Blasting parameters for pre split holes on Steps 4”-7 *(near residential areas)
Lz fLiE A ER PERES LI LN TE SRR LR SERIIE]/
d/mm a/m d,/mm h/m L/m A/(kg-m™") I/m kg ms
90 0.5 32 1.0 7.3 0.32 2.0 2.7 30
A1 FHERR RILRH S
Tab. 11 Medium deep hole blasting parameters near residential areas
Lz TR ARITER R fLER FERES LB B fLZ B HEERE
d/mm W,/m b/m a/m h/m L/m 0/kg L/m
90 1.8 2.0 2.7 0.8 5.8 12.0 1.8
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Tab. 12 Monitoring results of blasting vibration in
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5 X
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i X
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