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Fig.2 Schematic diagram of the whole model under top ex-

plosion
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Table 1 Test plan and size design of surrounding rock m
No. w/kg R/m Z/m-kg"?  1.5L, 0.8w'? (1+0.1K)R/2  0.05KR B, B, B,
1 1 0.5 0.5 1.8 0.8 0.28 0.028 1.6 1.8 1.8
2 2 0.5 0.397 1.8 1.01 0.28 0.028 1.6 1.8 1.8
3 6.4 0.5 0.269 1.8 1.48 0.28 0.028 1.6 1.8 1.8
4 6.4 1 0.539 1.8 1.48 0.55 0.055 1.6 1.8 1.8
5 8 1 0.5 1.8 1.60 0.55 0.055 1.6 1.8 1.8

Note: w is charge mass; R is blasting distance; Z is scaled distance; L, is clearance span; K, is equivalent coefficient of structural dynamic loading rise time; B, is the

distance between the blasting center and the upper boundary; B, is the distance between the blasting center and the longitudinal boundary; B, is the distance be-

tween the blasting center and the transverse boundary;

a. 1/4 integral model diagram

B3 T A s

c. internal measurement settings

d. expriment model of reinforced
concrete arch(before filling with soil)

Fig.3 Schematic diagram of model experiment under top explosion
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a. overall damage effect of rear face

b. local damage effect of rear face
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Fig.4 Damage effect of reinforced concrete arch D1(R=0.5 m,
o=1kg)

a. overall damage effect of rear face

b. local damage effect of rear face
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Fig.5 Damage effect of reinforced concrete arch D2(R=0.5 m,
0=2 kg)
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a. overall damage effect of rear face

b. local damage effect of rear face
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Fig.8 Damage effect of reinforced concrete arch D5 (R=1 m,
=8 kg)
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Table 2 Test results of reinforced concrete arch under top explosion

No. D w/kg R/m Z/m-kg™'" u/mm a/l% X,/mm Y,/mm damage level

1 D1 1 0.5 0.5 2.6 0.17 250 200 slight damage

2 D2 2 0.5 0.397 47.3 3.15 570 800 moderate damage
3 D3 6.4 0.5 0.269 128 8.53 750 1200 severe damage

4 D4 6.4 1 0.539 23.2 1.55 200 400 slight damage

5 D5 8 1 0.5 32.9 2.19 390 600 slight damage

Note: D is arch structure number; w is charge mass; R is blasting distance; Z is scaled distance; L, is clearance span; u is vault displacement; a is ratio of blasting

distance to arch span; X, is circumferential spall diameter; Y, is longitudinal spall diameter.
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Blast Resistance Experiment of Underground Reinforced Concrete Arch Structure under Top Explosion

LIU Guang-kun'*”?, LIU Rui-chao'*’, WANG Wei’, WANG Xing', ZHAO Qiang'
(1. Institute of Defense Engineering , AMS, PLA, Luoyang 471023, China; 2. Key Laboratory of Impact and Safety Engineering , (Ningbo University) ,

Ministry of Education, Ningbo 315211, China; 3. Institute of Engineering Safety and Disaster Prevention , Hohai University , Nanjing 210098, China)

Abstract: As the arch structure is one of the common structural forms of underground engineering, the majority of current re-
search focuses on the numerical simulation. The numerical results of structural damage characteristics and response lack corre-
sponding experimental verification, which cannot sufficiently guide the blast resistance design of underground engineering. In or-
der to study the failure mode and blasting resistant performance of underground arch structures with reinforced concrete under
explosive load, 5 independent experiments under top explosion had been carried out with different blasting distances and charg-
es. Results show that the damage degree of the arch structure gradually increases with the increase of charge under the same
blasting distance. The characteristics of failure mode developed from the concrete cracks at the back surface of blast to the con-
crete spalling and deformation of steel bars. At last, the concrete collapsed significantly at the center of the vault and the steel bars
were severely bent and deformed. The damage of the arch structure under top explosion is not only related to the scaled distance,
but also affected by the blasting distance. Under the same scaled distance,the damage degree of arch structure increases significant-
ly with the increase of blasting distance. By analyzing the relationships between the displacement response and the charge mass,
the displacement response and the blasting distance, a method is initially proposed for dividing the damage grade based on the de-
flection-span ratio, which provides experimental support for the structural failure evaluation and analysis in the future.

Key words: reinforced concrete arch;explosive load;top explosion;failure mode
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