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Failure mechanisms of RPC-filled steel tubular columns
under uncertain loading induced by cylindrical charge
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Abstract: Dynamic responses of RPC-filled steel tubular (RPC-FST) columns under uncertain blast
loading are investigated, and the failure mechanisms are further analyzed. The blast loads, induced
by cylindrical charge with different orientations, length-to-diameter ratios and detonation positions,
are simulated using LS-DYNA software. The distributions of shock waves caused by explosive charge
with scaled distance ranging from 0.4 m/kg" to 0.8 m/kg'"” is obtained, and normal distribution tests
are carried out based on the numerical results. The polynomial fitting formulas for average and maxi-
mum values of peak reflected overpressure are achieved, and the uncertain blast models are finally pre-
sented. The dynamic responses and failure mechanisms of the RPC-FST column are analyzed systemati-

cally by simplifying the statistical loads into equivalent loads. Results show that the reflected overpres-
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sure follows normal distribution. The bending deformations can be observed in the middle span of the

RPC-FST column, while shear deformations are found near the support. More severe damage can be

observed in the RPC-FST column subjected to maximum blast loading compared to the average value,

and the structure tends to shear failure.

Key words: RPC-filled steel tubular column; uncertain blast loading; lognormal distribution;

dynamic response; failure mechanism
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Fig. 1 Finite element model of RPC-FST column
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Fig. 2 Schematic diagram of equivalent load (unit:mm)
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Table 4 Comparison of peak reflected overpressures
LIRS 2 Smm ISR 6 mmAICMAE 10 mmICR  Brode Henrych Baker Mills
(m'kg™?) MPa
0.4 42. 84 36. 50 21.09 80. 61 33.71 45.55 213.87
0.5 23.59 21.99 13.52 39.96 19. 12 34.62 107. 49
0.6 17. 11 14. 60 6.70 22.17 12.33 20. 15 60. 67
0.7 10. 42 8.78 3.89 13.29 8. 68 12. 64 37.01
0.8 7.76 6.32 2.21 8.46 6.51 8.37 23.86
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Fig. 6 Comparison of peak reflected overpressures
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Table 5 Average and maximum value of peak reflected overpressure for different scaled distances

eI B Z/ Pl P2 P3
(m/kg™) FHE/MPa BKR(E/MPa FEEH/MPa EKfEH/MPa  FHJ{H/MPa K (H/MPa
0.4 1.409 3 2.036 55 3.909 06 7.504 07 92.5547 192. 581 12
0.5 1. 148 08 1.975 96 2.94273 5.594 88 68. 934 69 172.268 72
0.6 0.862 61 1.445 35 2.097 64 4.839 08 54.744 53 160. 755 48
0.7 0. 696 62 1.012 91 1.460 61 3.536 46 43.781 67 139. 828 22
0.8 0.556 69 0.771 05 1.168 4 2.25298 28.419 55 128. 881 55
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Fig. 7 Frequency distribution histogram of peak reflected overpressure with different Z



%3 Ty, A BRSO E B E AR TR B RPC A I AP 75
o6 AW LOIEEE T R AR
Table 6 Maximum displacements for different scaled distances
LL A s Z/ DL EE A AR A KA A% /mm PSR KA A AR A B KA F%/mm
(m-kg ") DI D2 D3 DI D2 D3
0.4 5.73 13.39 17.20 13.25 34.80 48.99
0.5 4.26 9.43 11.77 11.05 29.18 40. 65
0.6 3.32 7.07 9.19 10. 16 26. 35 36.39
0.7 2.53 5.49 7.15 8.54 21. 47 29.03
0.8 1.61 3.59 4. 66 7. 60 18. 82 25.16
F7 ARILHIEE T YRR
Table 7 Residual displacements for different scaled distances
WWhliEEs z7 LRCFSEAARERRR M /mm AR R Pl KA A AR M 5 A (17 /mm HAIRH R
(m-kg'?) o1 D2 D3 CEIME) 1% o1 Do D3 (R KAA) /%
0.4 1.22 3.24 4. 65 0.19 6.24 17.59 26.03 1. 04
0.5 0.76 1.85 2.55 0.10 5.03 13.48 19.52 0.78
0.6 0.51 1.20 1.57 0. 06 4.40 11.70 16. 96 0. 68
0.7 0.36 0. 84 1. 07 0. 04 3.00 7.92 11.39 0.46
0.8 0.23 0.52 0. 68 0.03 2.53 6.56 9.50 0.38
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Fig. 8 Time-history curves of displacement for RPC-FST column subjected to blast loading with different Z
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Fig. 9 Effective plastic strain for RPC-FST column subjected to blast loading with different Z
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