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Abstract Steel-concrete single-leaf blast-resistant doors are protective structures consisting of a steel
box and reinforced concrete slab. By the domestic blast-resistant doors, the structure is not designed
efficiently because few studies have examined the effects of variables, such as the blast pressure, rebar
ratio, and steel plate thickness on the structural behavior. In this study, the structural behavior of the
doors was analyzed using the FE method, and the support rotation and ductility ratio used to classify
the structural performance were reviewed. The results showed that the deflection changes more
significantly when the plate thickness increases than when the rebar spacing is a variable. This is
because the strain energy absorbed by the door is reduced considerably when the plate thickness
increases, and as a result, the maximum deflection becomes smaller. According to a comparison of the
calculated values of the support rotation and the ductility ratio, the structural performance of the doors
could be classified based on the support rotation of one degree and ductility ratio of three. On the other

hand, more explosion tests and analytical studies will be needed to classify the damage level.
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Fig. 1. Blast-resistant door types [18]
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Fig. 2. Structure of single-leaf blast-resistant door [18]
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Table 1. Analysis Variables

Type Value Symbol
. @300 Case A
Re?;é i‘f;f)mg D16 @200 Case B
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Fig. 3. FE model of the single-leaf blast-resistant door
(a) Overall door structure (b) Rebar modelling
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Table 2. Comparison of Overall Structural Behavior: Deflection

Plate Maximum Deflection (mm) Permanent Deflection (mm)
t Rebar Load Case Load Case
(mm) P1 P2 P3 P1 P2 P3
Case A 83 27.1 493 2.6 10.1 15.1
7.5 23.5 42.7 2.2 8.6 14.4
5 Case B 7.6 1.00) 23.5 (1.00) 441 (1.00) 2.0 (1.00) 8.8 (1.00) 14.6 1.00)
Case C 6.7 19.8 34.8 1.9 6.8 13.5
Case A 6.1 12.7 29.1 1.8 3.1 13.1
6.0 123 274 1.6 3.0 12.4
10 | CaseB | 60 | ggo) [ 121 ] 052 |72 ] 060 |20 | 073 |22 | 039 |20 (030
Case C 5.8 12.0 259 1.5 2.9 114
Case A 5.5 10.1 21.1 1.3 2.3 6.9
y - 53 9.7 19.9 12 20 68
15 Case B | 54 | o7 28 | 04 1227 ] 04n 22 | 059 |20 | 023 |-%2 | 04
Case C 5.1 9.3 19.1 1.0 1.8 6.5
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Fig. 6. Deflection contour
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A<} w2 A 22 1411 AdEjolA] AT
A7 ¥ Ao HEE FARAZES vw HES] Hok
t}. & o] Case BE 149 AL, E9o| Z7|5k
uhel $7ke] Fd Aol 2.2 mm (P1), 13.7 mm
(P2) 9 24.4 mm (P3)E eI

o|¢} T2 Aol wEH, ZEtAg A= 17
o|ar iEZHAT HES o= AHo R HAR9
Zol7} AR FAT, Wil & vjEAS 1ol L
A7 BT A= AdFog A Aolg e
Fe= & 5 AT

Table 32 WEE 129 Z5 Zo] gt T
AEE ddstedl AMBEI e 3AAYE(Edge
Rotation) § ¥ HAAAHE(Ductility Ratio) x5 2
4= 2| disl UEhd Aoltt 7|4, SAAFE 99
HAANE p= o9 Eq. (5) € Eq. (0T Zo] H9
] [22-24], XS AR, Xe= BEAL Anist

= &8 Zojo|t}.

0 20 40 60 80 100
Time (ms) 9 B . 2Xm,
Fig. 7. Deflection hysteresis according to the plate = tan I 6)
thickness
Table 3. Comparison of Overall Structural Behavior: Support Rotation and Ductility Ratio
Plate Edge Rotation (deg) Ductility Ratio
t Rebar Load Case Load Case
(mum) Pl P2 P3 P1 P2 P3

Case A 0.42 1.38 2.51 1.41 4.23 8.44
0.38 1.20 2.17 1.33 3.78 7.53
5 Case B | 039 | (150 [ 120 | qog) [ 224 | ooy |2 | oo 372 | ooy 772 | a.oo)

Case C 0.34 1.01 1.77 1.25 3.35 6.42

Case A 0.31 0.65 1.48 1.20 2.02 5.39
0.31 0.63 1.40 1.19 1.98 5.22
10 Case B 0.31 0.82) 0.62 ©0.53) 1.39 0.65) 1.18 0.89) 1.96 052 5.14 0.69)

Case C 0.30 0.61 1.32 1.18 1.95 5.13

Case A 0.28 0.51 1.07 1.15 1.85 4.12
0.27 0.49 1.01 1.13 1.82 4.00
15 Case B 0.28 ©71) 0.50 (0.41) 1.00 0.47) 1.12 ©0.85) 1.82 (0.48) 3.95 0.53)

Case C 0.26 0.47 0.97 1.11 1.80 3.92
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Table 4. Comparison of Test and FE analysis

Type specimen 1 specimen 2 FE results
max.
deflection 127 mm 85 mm 12.1 mm
supD_Ort 0.69° 0.46° 062
rotation

2 YHo|HA(internal energy, & 49 ¢
Azl sli)ell et hourglass energy(HE =
9] FA& oA BAIA A S, zero strain
engergyZtl e $H9 v &S FESI Hyth FE 2
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Table 5. Comparison of the absorbed strain Energy

Plate Strain Energy (kJ)
t Rebar Load Case
(mm) Pl P2 P3
Case A 5.20 14.70 26.10
5 Case B 5.10 5.07 | 14.40 | 14.37 | 25.90 | 25.90
Case C | 4.91 14.00 25.70
Case A 4.58 12.60 23.80
10 Case B | 4.53 | 451 [1240]12.33|23.50 | 23.43
Case C | 4.43 12.00 23.00
Case A 4.34 11.90 22.60
15 Case B 424 | 423 |11.70 | 11.67 | 22.30 | 22.27
Case C | 4.11 11.40 21.90
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Fig. 12. Deviatoric stress contour of con’c slab according to the blast pressure in the case of 5t plate
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Fig. 13. Deviatoric stress contour of con’c slab according to the blast pressure in the case of 10t plate
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Fig. 14. Deviatoric stress contour of con’c slab according to the blast pressure in the case of 15t plate
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