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Investigation on geometric parameters effect and blast resistance of
high-strength steel plates under near-field explosions

WANG Yuxiang', ZHANG Guokai', LIU Liwang', WU Yuxin', LIU Ju?, JIANG Long'
(1. School of Safety Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. School Of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: High-strength steel has excellent mechanical properties, which has been utilized in the fields of explosion and
impact. In order to study the blast resistance of high-strength steel plates, ANSYS/LS-DYNA software was first used to
simulate the impact test on high-strength steel materials. By comparing with experimental results, the Johnson-Cook model
parameters characterizing the dynamic constitutive behavior of high-strength steel are determined. Based on the above model
parameters, the explosion simulation of high-strength steel plates under near-field explosions is further carried out. The
interaction process between the explosion shock wave and the steel plate is systematically analyzed, and the size effects of the
steel plate on its deformation characteristics and failure mode are explained. The results show that the Johnson-Cook model can
effectively simulate the mechanical behavior of S690 high-strength steel at high strain rates. High-strength steel plates have a
weakening effect on the propagation of shock waves. With the increase of steel plate thickness, the propagation range of shock
wave through steel plate decreases gradually. For high-strength steel plates of different geometric dimensions, near-field

explosions will cause three damage modes: petal-shaped fracture, small fracture and large deformation. It is found that the
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thickness is the decisive factor to determine the failure mode of steel plates under near-field explosions. For high-strength steel
plates with large deformation, the increase of thickness and decrease of width will improve the ability of resistance to near-field
explosions. In addition, there is a positive correlation between the ability of shock resistance of the high-strength steel plate and
the width-thickness ratio. When the proportional distance is 0.13, a model can be provided to predict the maximum
displacement range of the high-strength steel plate according to the steel plate size. The above conclusions can provide some
guiding significance for the optimal design and engineering application of high-strength steel structures.

Keywords: high strength steel plate; Johnson-Cook model; short-range explosion load; numerical simulation; geometrical

parameter
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Table 4 Width-thickness ratio and maximum displacement of high-strength steel plate
TH  a/mm  6/mm als fi#%/mm | TO  a/mm  6/mm a6 AiBmm || TH  o/mm  6/mm als {i#/mm
1 4 125.00 / 29 4 200.00 / 57 4 300.00 /
2 6 83.33 / 30 6 133.33 / 58 6 200.00 /
3 8 62.50 45.00 31 8 100.00 50.00 59 8 150.00 56.60
4 10 50.00 35.70 32 10 80.00 42.30 60 10 120.00 48.10
5 12 41.67 28.50 33 12 66.67 34.50 61 12 100.00 39.30
6 14 35.71 21.70 34 14 57.14 28.00 62 14 85.71 33.00
7 16 31.25 16.50 35 16 50.00 23.00 63 16 75.00 27.60
500 800 1200
8 18 27.78 12.40 36 18 44.44 17.60 64 18 66.67 22.70
9 20 25.00 9.78 37 20 40.00 13.00 65 20 60.00 18.20
10 22 22.73 7.79 38 22 36.36 10.10 66 22 54.55 14.10
11 24 20.83 6.30 39 24 33.33 8.40 67 24 50.00 11.91
12 26 19.23 5.17 40 26 30.77 7.03 68 26 46.15 10.10
13 28 17.86 4.29 41 28 28.57 5.85 69 28 42.86 8.20
14 30 16.67 3.60 42 30 26.67 4.95 70 30 40.00 6.90
15 4 150.00 / 43 4 250.00 / 71 4 375.00 /
16 600 6 100.00 / 44 1000 6 166.67 / 72 1500 6 250.00 /
17 8 75.00 46.60 45 8 125.00 53.00 73 8 187.50 63.10
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Table 4 (Continued)

TH  @mm 6mm a6 PiF/mm | TH  gmm  6/mm als fi#/mm | TH  g/mm  6/mm als 1% /mm
18 10 60.00 38.10 46 10 100.00 44.30 74 10 150.00 52.00
19 12 50.00 30.10 47 12 83.33 37.30 75 12 125.00 42.40
20 14 42.86 23.40 48 14 71.43 30.60 76 14 107.14 35.70
21 16 37.50 18.00 49 16 62.50 25.00 77 16 93.75 29.30
22 18 33.33 13.40 50 18 55.56 20.00 78 18 83.33 24.20
23 600 20 30.00 10.60 51 1000 20 50.00 15.20 79 1500 20 75.00 20.10
24 22 27.27 8.55 52 22 45.45 11.90 80 22 68.18 16.30
25 24 25.00 6.95 53 24 41.67 9.60 81 24 62.50 13.20
26 26 23.08 5.76 54 26 38.46 8.21 82 26 57.69 11.20
27 28 21.43 4.87 55 28 35.71 7.20 83 28 53.57 9.10
28 30 20.00 4.07 56 30 33.33 6.10 84 30 50.00 8.20
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Fig. 10 Time history of the center point displacement with different thicknesses of the high strength steel plate
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