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Abstract — Effective protective structures are essential to mitigate blast hazards. This study evaluates the blast resistance of
steel-concrete sandwich panels under blast loads using a numerical approach that accounts for strain rate effects on material
properties. Reliable models for the blast load, steel plates, and reinforced concrete (RC) were validated with experimental data.
The structural response of the steel-concrete sandwich panel was compared against a reference RC slab. Results show that the
sandwich panel significantly reduces maximum displacement and enhances energy dissipation, proving its superiority as a

protective structural member.
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Fig. 1. Classification of load conditions by strain rate
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Fig. 2. Adjusted stress-strain relationship of steel accounting
for strain rate effect
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Fig. 3. Stress-strain relationship of plastic kinematic model
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300 | Ditference : 4.5% —Remennikov et al., 2016
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Fig. 5. Comparison of incident pressure between
CONWERP and experiment data
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Fig. 6. Experiment setup!'?

Table 1. Steel plate material properties!'

Steel properties (unit) Values
p (kg/m?) 7,850
E, (MPu) 1.99¢”
[, (MPa) 356
E, (MPa) 1,000
C'(1/msec) 3.2
P 5
A2 27L& HAEH. Fig. 6()°lM = HERHE &
ofo] it S Aol eholol= vigy wiXH HG

, Fig. 6(b)= A@A9 443 73
AzxAE Yl Zolth. A7 1,000 mmx1,000

X Hxt) AY PO R A=A, AA
IS ¥ 8 A2 F F 242 300 mmE A9
700 mmx700 mm(B, , x 1, ,)°1 tF. ol -85
E4], Cowper-Symonds A5, 57} TNT 4|, 0|2 A
g =70 BAE FAE IR drgsigler, 1

T



Fixed boundary

Fig. 7. Finite element model for steel plate

Table 2. Comparison of MS-1 Test result and element types result

Unit (mm) | MS-1 | 2D SHELL | 3D TSHELL | 3D SOLID

Max_disp | 104 105.5 105.2 104.8
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A9 = 7]H]'2 A7 5F3 th(see Table 1).
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Fig. 8. Comparison of displacement-time histories for

steel plate
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Fig. 9. Details of RC slab"*!
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Table 3. Comparison of NSC2 test result and numerical results

Unit (mm) | Sueral™ | NSC2_CBIS | NSC2_CSIS
Max_disp 435 38.9 37.3
Resi_disp 15.5 14.4 13.4

10.0

B Rebound
displacement

0.0 A

Residual
displacement

<<<<<< Su et al., 2021
—NSC2_CBIS
—NSC2_CsIs

Z-Displacement(mm)
\ 5 '
£
o

0.0 50.0 100.0 150.0 200.0 250.0 300.0
Time(msec)

Fig. 10. Comparison of displacement-time histories for RC slab
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Fig. 11. Steel-Concrete sandwich panel
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Fig. 12. Numerical results of steel-concrete sandwich panel
comparing to RC slab

Table 4. Comparison of NSC2 test, NSC2_CBIS and NSC2_SCP

Unit (mm) | Sueral’™ | NSC2 CBIS | NSC2_SCP

Max_disp 43.48 38.9 10.4
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