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Fig. 1 Calculation model of the tunnel
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Tab.1 Parameters of explosives

I/ D/ pg/ A/ B/ Ey/

(kg+m H(me+s ) GPa GPa GPa = “ Jem®

1200 4000 7.4 214 0.182 4.2 0.90.15 4.192
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(kg *m ?) E/GPa M MPa E./MPa s ! -03 —e— QLI
2 700 25 0.25 75 150 1.0 2.5 —0.40 5 (‘)1 5 (‘)2 5 (')3 0 (')4 005
t/s
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Tab.3 Material parameters of concrete H-J-C model
2.00 —
po - = 173t = 1Bl
N . e
(kg *+m *) GPa GPa » 1.00
g 0.75
2 400 0.048 0.79 1.60 0.007 7.0 14. 86 < 0.50F
= 0.25F
Di D; N Er.  T/GPa  puwn/GPa  jrerush 0 2(5) i
0.04 1.00 0.61 0.01 0. 004 0.016 0. 001 '0'500 0.61 0_(')2 0,(1)3 0_64 0.05
pock/GPa poac Ki/GPa  K,/GPa Ks/GPa  E/Pa t/s
(b) B H
0.8 10 85 —171 208 35.7
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Fig. 2 Position layout of the control points
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Fig. 3 The time history curve of velocity under

blasting on the upper-step
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blasting on the lower-step
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Fig. 5 The time history curve of the supporting velocity

under blasting on the lower-step
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Fig. 6 The time history curve of stress under blasting

on the upper-step and lower-step
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Fig. 7 The time history curve of the supporting stress

under blasting on the lower-step
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Numerical analysis for blasting vibration characteristics
in tunnel excavation based on ALE algorithm

WANG Zhengzheng®, ZHANG Yangsheng

( School of Civil Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: Based on ANSYS/LS-DYNA software, the influences of blasting vibration in tunnel
excavation on surrounding rock and initial support structure are analyzed. In order to make the
numerical simulation truly reflect the actual situation, a more accurate method of explosion simulation
is adopted. The built-in explosives module in software and equation of state are used to simulate the
explosive loads. In the meantime, the ALE algorithm is used to simulate the contact relationship
between the structure of explosives and rocks. In ALE algorithm, explosives are defined into the fluid
in order to avoid excessive grid distortion caused by explosion, which adversely affects the result of
the calculation. The analytical results show that; Stress and velocity all reach a maximum within a
very short period of time after the blasting, and then decay to the stable state at 10 ms. The peak
value of horizontal vibration velocity at the dome roof of the surrounding rock of the upper-step
blasting is about 6 times that of the lower-step blasting, and about 0. 88 times at the arch foot
position. The vertical vibration velocity peak value at the dome roof of the surrounding rock of upper-
step blasting is about 8 times that of the lower-step blasting. The peak value of stress generated by
the lower-step blasting at the dome roof of the surrounding rock is 1/5 of the upper-step blasting, and
the difference is small at the arch foot. At the same position, the peak value of mass point vibration

velocity and element stress of primary support structure are larger than those of surrounding rock.

Key words: equation of state; numerical simulation; ALE algorithm



