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(a) Cracks on shaft wall of railway pile foundation (b) Cracks on shaft wall of highway pile foundation
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Fig. 1 Failure of shaft wall resulting from blasting vibration
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Table 1 Blasting parameters
FLEE /mm HEEE /mm ML/ m HNEHEA/mm P/ (kgem ) AL &/ kg
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Table 2 Material and EOS parameters of explosive

o/(gecm ®) D/(kmes ") pc;/GPa A/GPa B/GPa R, R, w E,/GPa

1.2 4.8 9.7 214. 4 18.2 4.2 0.9 0.15 4.192

Bl B sh 25 i % FH MAT_PLASTIC_KINEMATIC! B 48, 3% FH 8 30 A5 4k A< #4455 70 15 3R o5 A 1Y
Bifi 311 5 A1 R P RN AR R, AR SR L6 3, Hoh . B, A IR . MIAR .oy MR IRIEEE,E, H1
LA, B MR R A e AR It BT R B AE
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Table 3 Material parameters of rock

o/(g*cm *) E,/GPa v oy/GPa E,/GPa B €

2.7 40 0.22 46 0. 04 0.5 0.05
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Table 4 Material parameters of concrete

o/(g*cm ) G/GPa Aune Bujc Cuye N f./MPa T pax / MPa e Snax
2. 44 14. 86 0.79 1.6 0. 007 0.61 48 40 0.01 7
pe/MPa Proc/ MPa ter lock D, D, K,/GPa K,/GPa K;/GPa
160 800 0.001 0.1 0. 04 1 85 —171 208
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Table 5 Material parameters of air

p/(kg . mfs) Cﬂ Cl Cz Cs C\ Cs CG e()/MPa Vo
1. 25 0 0 0 0 0.4 0.4 0 0.256 1
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Table 6 Simulation and experimental results of peak particle velocity at measuring points
S=15.5 m fY [ §EE 1 [A] B 5T S=8.5 m Ky RIN 5 B Btk e 4k H 5T
TH AR IEE IR/ (cm + s71) IR/ (cm + s71)
(XA S AL S
1 4.7 8.0 4.7 4.5
2 6.3 6.1 3.4 3.1
3 4.6 4.4 2.3 2.0
4 3.2 2.9 1.1 1.0
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Fig. 6 Horizontal distribution of peak particle velocity

in different sections of shaft wall
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(a) Condition 1 (b) Condition 2
o/MPa o/MPa o/MPa o/MPa o/MPa o/MPa o/MPa o/MPa
22.69 83.62 87.45 65.95 18.80 84.85 87.17 64.49
18.91] 20.94:. 73.26] 55.42 1 15.67] 71.81] 73.05- 54.36]
15.13- 58.26- 59.07- 44.89 - 12.54.- 58.77- 58.94.- 44.03 -
11.35 45.58 44.89 34.36 9.40 45.73 44.83 33.69
7.58 3291 30.70 23.83 6.27 32.69 30.72 23.36
3.80 20.23 16.51 13.31 3.14 19.65 16.61 13.03
0.02- 7.55- 2.33- 2.78- 0.01- 6.61- 2.49- 2.70-
72 ms 960 ms 1739 ms 2 849 ms 72 ms 960 ms 1739 ms 2 849 ms
(c) Condition 3 (d) Condition 4
o/MPa o/MPa o/MPa o/MPa o/MPa o/MPa o/MPa o/MPa
18.87 78.56 78.98 64.45 18.87 78.35 75.12 63.93
15.?3] 66.52:I 66.19:l 54.33] 15.73] 66.23] 63.81:I 54-.35:l
12.58- 54.48 - 53.41- 44.20~ 12.58 - 54.11- 52.50- 44.77~
9.44 42.45 40.63 34.08 9.44 41.99 41.20 35.19
6.30 30.41 27.84 23.95 6.30 29.87 29.89 25.61
3.15 18.37 15.06 13.83 3.15 17.75 18.58 16.03
0.01- 6.34:- 2.28- 3.71- 0.01- 5.63- 7.27- 6.45-
72 ms 960 ms 1739 ms 2 849 ms 72 ms 960 ms 1739 ms 2 849 ms
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Fig. 10 Effective stresses of shaft wall under different conditions
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Fig. 11 Peak effective tensile stress vs.

peak particle velocity at failure position
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Table 7 Numerical calculation results

TH  h/m W / kg o./MPa  wvpn/(cme+s D) || T  h/m W / kg o./MPa  wg./(cm s )
1 4 8.0 17.02 74.0 1 12 8.0 2.73 11.9
2 4 4.8 14.10 64. 1 2 12 4.8 2.35 10. 3
3 4 4.0 11. 14 48. 4 3 12 4.0 1. 83 7.8
4 4 3.6 7.48 33.1 4 12 3.6 1.22 5.3
1 8 8.0 5. 34 23.4 1 16 8.0 1.75 7.4
2 8 4.8 4.67 20. 2 2 16 4.8 1. 44 6.4
3 8 4.0 3.52 15.3 3 16 4.0 1.12 4.8
4 8 3.6 2.41 10. 4 4 16 3.6 0.76 3.3

N T I E A TR S Y A R B HE R PE X A =16 m [ 4 Fh T804 BT B IR 4 A
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ARG SR s, 0 BE S5 4 249 0 W] S R wln] DL 0= A, 1R 12 D9 TR0 1 B A i R
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Fig. 12 Measured typical waveform under condition 1
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Table 8 Measured peak particle velocities

‘ IR I (E R/ (em » 57 1) T B A IR E/ (cm « 571

T W51 A2 A3 A4 W1 WA 2 WA 3 WA 4
1 5.9 5.8 6.0 5.9 7.1 7.1 7.1 7.0
2 4.8 4.9 4.8 4.9 6.1 6.2 6.2 6.1
3 3.7 3.5 3.6 3.7 4.5 4.5 4.6 4.5
4 2.6 2.7 2.7 2.7 3.1 3.0 3.1 3.1
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Blasting vibration safety criterion for semi-ellipse-shaped shaft wall

LIU Qiang'. SHI Fugiang'*, CHI En’an’, LIAO Xueyan®’, TANG Yufeng'
(1. School of Mechanical Engineering » Southwest Jiaotong University ,
Chengdu 610031, Sichuan, China;
2. Sichuan Academy of Safety Science and Technology ., Chengdu 610045, Sichuan, China;
3. Guizhou Xianlian Blasting Engineering Limited Corp. , Guiyang 550002, Guizhou, China)

Abstract: As a major technique for rock breakage, the drill and blast method brings about serious
blasting vibration that poses hazards for the structural stability of the shaft wall. In this paper, we
simulated the interactive process of the blasting seismic wave and the semi-ellipse-shaped shaft wall
using the finite-element numerical software ANSYS/LS-DYNA3D and taking the peak particle veloci-
ty (PPV) and the effective tensile stress as the evaluation indexes of the dynamic response. The calcu-
lated results indicate that for the shaft walls with different excavation depths there exist similar
patterns governing the dynamic response to different maximum charges, and both the peak effective
tensile stress and PPV are located at the top arch, whose intensities decrease along with the decrease
of the maximum charge. Based on the tensile strength principle and the linear relationship between
the peak effective tensile stress and PPV, we established the critical blasting vibration safety criterion
as 8 cm/s under the present engineering conditions for this project, and conducted on-site tests which
verified the validity of the pre-set criterion.
Keywords: safety vibration velocity; shaft wall; peak particle velocity

(ifEsmiE = #)



