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Damage grades of reinforced concrete bent structures against blast
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Abstract: To study the failure law of reinforced concrete bent structures under large equivalent explosions, the damage grades
of the bent structures against blast were numerically calculated based on the explosion test with the maximum equivalent of 3 t
TNT. The load parameters and structural dimensions of the 1/2 scaled model were obtained through dimensional analysis.
Based on the Abaqus finite element software, the CONWEP method was used to achieve the blast loading. The failure modes
of the structures, under the explosion loads with TNT equivalent 0.5 t and blast distance 33 m as well as TNT equivalent 3 t
and blast distance 33 m, were calculated, respectively, and compared with the test results. Further, the failure patterns of the
scale model under different overpressures and impulses were calculated by controlling the TNT equivalent and blast distance.
The research results show that the middle column of the bent structure is prone to damage in the form of overall overturning
under a lateral blast load; the calculated failure morphologies are in good agreement with the experimental ones, and the
maximum relative errors of the characteristic displacements and characteristic corners are 5.6% and 4.6%, respectively. The
overturning angle of the load-bearing column was used as the basis for the damage-grade division, and the calculated results
were divided into three damage levels. The fitted overpressure-impulse and equivalent-distance curves can be used in the
design of safety distance and warehouse capacity and the estimation of the damage degree of accidental explosion.
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Fig. 1 The scaled model for the reinforced concrete bent structure

Jo= 2 4 RO T TR 1 22 5 R I = 4R AR
&2 Jos, 1 g — ot A Q3R — R o, A4
AFZEAIRY L RV H AU . BN beam 32
BTG, BOGRAH B3, AESS A AL A 40T
MR 3 B, 3 A A A o0 4 RO 0 e
B REE LA solid /51 R BT, BT K
C3D8R; Hffih truss o0, HLICH AN T3D2,

SRR K JE B - G U AR R S RN 1K 4 TR, K2 R4
AT solid 7N IR BATT, BATEIE I C3D8R, Fig.2  Roof frame

BT RN AE AR U 23 BT A A b 2555 78 SR FORS BE AN S8R e iy o IR BE b - A5 S A

121405-4



540 % ik A, A WA IREE LA AT IR R R %512 4]

BICHEAIT/NT 6 em XS5 ASTE B2 B/, 2% &SRR, BOCK/NBCE Y 6 cm; =28 FIHI AT 25
BATT R PR BRI B, BT R/ 20 e (VN T A5 M BE AR RO PN B0E4) o

2.00 m

3 BAIREE 3k PS4 STAEERA A A R i LA S
Fig. 3 Reinforced concrete column and beam Fig.4 Dimensions of column foundation and surrounding soil

22 #MRISH
BN R HRA ] Q235B ik 25 45 /AN, X il B8 AR AR R AT N AR T HI A 0.001~2 747 s7' B9 AFRHA L .
fi ] Johnson-Cook A #J 57 | $1-4 FrfS bRl s 88 M S 80 26 1 FroR .

F 1 Q235B $NEIALEEE S
Table 1 Elastoplastic parameters of steel Q235B

plkg'm™) E/GPa u A/MPa B/MPa n m c &ofs™!
7835.5 200.6 0.259 314 527.5 0.436 0.757 0.02 0.001

AT HRB400 AR, Xof i 96 A A 47 B A8 SR 0.001 s7'~2 162 57", [A] £ 1] Johnson-
Cook A FIRERY, $L55 Fr A5 R R IEPES BN 2 Fs .
72 HRB400 NI SH
Table 2 Elastoplastic parameters of steel HRB400
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Fig. 11 Comparison of macroscopic destructions between test and simulation
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(d) =300 ms, the middle column completely loses
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Fig. 14 Destruction process
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Fig. 15 p-I curves of damage grades division for the reinforced concrete bent main structure
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Fig. 16  O-R curves of damage grades division for the reinforced concrete bent main structure
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