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Failure law of shallow buried reinforced concrete arch structure
under secondary explosion of conventional weapons

CHEN Hao, LU Hao, SUN Shanzheng, XIONG Ziming, YUE Songlin, WANG Derong
(State Key Laboratory of Disaster Prevention and Mitigation of Explosion and Impact,

Army Engineering University of PLA, Nanjing 210007, Jiangsu, China)

Abstract: The failure law of shallow buried reinforced concrete straight wall arch structure in soil under secondary explosion
of conventional weapons was studied by explosion test and numerical simulation. Test structure adopts scale model based on
similarity principle. Three groups of six shots were set up in the test. LS-DYNA is used to simulate the three groups of working
conditions. By comparing the pressure of the measuring point in the soil, the speed of the structural measuring point, the
structural deflection and other data, it is found that the simulation results are basically consistent with the experimental results.
After comparing the numerical simulation results with the test, the numerical simulation conditions of the secondary explosion
are expanded. When the comparison verifies that the numerical simulation is consistent with the experimental results, the
secondary explosion conditions under the action of conventional weapons are simulated to study the dynamic response of
structures under repeated impacts. Through calculation, it is found that when the proportional distance is set between 0.4-0.6 m/kg'”,
the damage of the structure is mainly caused by the overall damage. Combined with the macroscopic description of structural

damage and the maximum deflection span ratio, the damage grade of the structure under the overall effect is divided. By

discussing the initial damage of the structure and the failure law of reinforced concrete straight wall arch structure under
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different explosion sequences, the following conclusions are obtained: when the structure is damaged by explosion, such as
cracking and bending, some concrete is out of work due to cracking or entering plasticity, resulting in the change of stiffness of
the structure. The final damage degree of the structure is affected by the strike sequence, and the effect of initial explosion on
the final damage of structure is greater than that of secondary explosion.

Keywords: shallow buried tunnel; reinforced concrete structure; secondary explosion; failure law
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Fig. 1 Size of structure and layout of steel bars (unit: mm)
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T FEBE/m 4250l kg LA (kg )
T1-0 1.0 5.0 0.585
Ti-1 0.8 5.0 0.468
T2-0 038 5.0 0.468
T2-1 0.8 7.5 0.409
T3-0 0.8 7.5 0.409
T3-1 0.8 7.5 0.409
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(a) Internal damage form of structure of T1-0
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(c) Internal damage form of structure of T2-0 (d) Internal damage form of structure of T2-1

(e) Internal damage form of structure of T3-0 (f) Internal damage form of structure of T3-1
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Fig. 5 Damage forms of model structural characteristics
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Fig. 6 Several typical failure modes of concrete arch structure

£ T2-0 TOL R #ETR2Z AL, B 1S f0RT O KRR T AL B TE 1 R4 ; £ T2-1 T4
PETURE A A B R 25 il AR, BRI AR R 5 - e i S EECHA A AR R, SIETOUAL A A3 e A — e R 7R IR, RIS
BETTE O A 248 A9 AL A IR BE 1 K 2E Ry BT R IR

£ T3-0 T 00 A BETH BRI 28, AN R IR, S PF Bt R TR B 1 (2 28, I 454 © A A o 7™ o
(R AR IR s AT T3-1 TO0RG R, A5 HE T R4E DTS P BEAW AT 7 I, 3 EOR ISR R IR, R i e 2k L
B L A WL A BT 25 i, S BRI X 1 A BT RIA

3 HEEM

fii FH LS-DYNA EUE AL X 56 T 00 DA 7T R A I3, o 9 38 25 BT % L, DT 3R A5 AT
FE A BE AR
31 ARTEREN

FIF TrueGrid ZES7 25F 1 1/4 AL (K] 7), EEGHELS AR 254 15 75 R 1.2 m, [AIHESMEH 0.68 m, N
ok 0.5 m, AT, JEE AR S HETIUSEE 1 8 0.12 m, 5845 BRI IG 48 LU AU AT o 38 2 %% 45 4 7 s SRR IX
B A, 2850 RS SRR A3 AT R 5, 7 AR RST /N T 30 mm B, PR e AR Xof 115325 SRR Sk, 5 1B B EE A
SR A SRR 1 () T 2R R I, AR RST R 15 mm, BEARUEIT29 45 AN RIG

*MAT HIGH _EXPLOSIVE BURN

*MAT NULL

=
*MAT _PLASTIC_KINEMATIC

*MAT RHT
*MAT SOIL_AND FOAM

K7 ARRITEA KRR B

Fig. 7 Finite element model and material description
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W/ kgm™) JE/(mes™) Pe/GPa E,/GPa R, R, w AIGPa B/GPa

1600 6300 28.5 7 4.15 0.95 0.3 3730 3.75
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Fig. 8 Comparison of structural failure modes in numerical simulation and test
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Effective plastic strain

(a) Deflection-span ratio is 0.75% (b) Deflection-span ratio is 1.8%
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Fig. 11 Numerical simulation of damage grade division
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Table 6 Numerical simulation of secondary explosion
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Fig. 12 Initial damage characteristics of structures under secondary explosion
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