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Table 1 Number of test specimens and their density distribution
ERE/ (kg e m )
-1 BLE 2R 3R B4R

e R IR

N1
NF2 RS 300

NF3 HELEEL 300 225 275 325 375
NF4 LR AR A 300 375 325 275 225
NF5 IRk 300 325 275 225 375

Steelsheet

Foam aluminum slab
RC slab
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Fig. 3 Reinforced concrete slab with aluminum foam protective layer
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Fig. 5 Pressure-time curves of blast

2.0

PR WA AR XA N1 43500/ 47 26 F0 51 % 5 5l NF2 F1 NF5 (84 0B A 1R] AR X N1 /b 372,
1 B WA AH 25 AN REXHA A N1 23 5/ 43 2680 37 26 5 34 NFA 107 B e { Fn 5k A 1 B 4 K 114 NF3
F18) 2 % WA (RL RN B A S B R X G 3 sl 27 90 F 2306 o 3ok DE W YA TR 40 % B2 oy T 3] 2l P 3o 1 1 10 T L4
1 VL TR B ) W BB L DR/ AR A P A 5 A% (EL L DR B 4 T o T 8 1 O R IR RE ORI A ARG, 5
G B TG 7 A8 AR T 36 JBE 4 50 B PR 40 By P W vy B 4P R B AT W] 4R

40 L(a) —NI1

— Do [\
[\ [=] [e<]

Displacement/cm

=~

|
i

Time/s

Displacement/cm

36

6 RC R4 H B9 157 #% At i oy 2

Fig. 6 Displacement-time curves of RC slabs
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Table 2 Measured results of displacement peaks and residual displacements

ENERTR R /cm  BRRME /om || KRS iR WMl /em  BRARLLAE/cm

N1 32.8 19 NF4 21.9 13
NF2 18.7 12 NF5 20.6 12
NF3 16.0 10
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Fig. 7 Damage of specimens
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(b) RC slab with aluminum foam
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Fig. 8 Comparison of cracks on the back blast surfaces of the RC slabs
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Fig. 9 Finite element model
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Fig. 10 Stress-strain curves of aluminum foam Fig. 11 Hardening model of reinforcement

B=1, Isotropic hardening
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Fig. 13 Specimen failure modes
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Fig. 15 Comparison of failure modes of RC slabs with or without aluminum foam protective layer

023101-7

Effective plastic strain

2.00
1.98 ]
1.96 -
1.94 -
1.92 -
1.90 -
1.88 -
1.86 -

1.84
1.82 :I
1.80 -

—=— Without aluminum foam

—e— With aluminum foam

Displacement/cm

K14 A JTCIREABT IR RO T RC AR
5 v o B i AR 2

Fig. 14 Mid-span displacement-time curves of RC slabs
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Table 3 Density distributions of aluminum foam slabs

W/ (kg m™)
BER S PR O A 12 %22 %32 %42

¥
(0~20 mm) (20~40 mm) (40~60 mm) (40~60 mm)

D1 200
D2 RS 300
D3 100
D4 300 225 275 325 375
D5 EEREEN 300 375 325 275 225
D6 300 325 275 225 375
D7 il Wa ik 4 300 275 225 325 375
D8 300 375 275 325 225

R4 XESHLL

Table 4 Comparison of key parameters

R 24 MBI/ cm  FRRME/om | BIMGES  BEME/cm FRRME/ cm
D1 20.09 12. 69 D5 20. 01 12. 61
D2 18. 82 11.53 D6 18.42 11.32
D3 17.81 9.88 D7 17. 84 10. 54
D4 16. 02 9.31 D8 19. 68 12.13
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Fig. 16 Mid-span displacement-time curves of RC slabs with aluminum foam layers of different densities
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Fig. 17 Plastic strain cloud diagrams of RC slabs at different longitudinal reinforcement ratios
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Blast-resistant performance of aluminum foam-protected
reinforced concrete slabs

GAO Haiying', LIU Zhongxian', YANG Yekai*, WU Chengqing®, GENG Jiaying'
(1. Tianjin Key Laboratory of Civil Structure Protection and Reinforcement ,
Tianjin Chengjian University, Tianjin 300384, China;
2. School of Civil Engineering , Tianjin University, Tianjin 300072, China;
3. University of Technology Sydney, Sydney 2007, Australia)

Abstract: n order to study the blast-resistant protective effect of the aluminum foam slab as porous en-
ergy absorbing material on the engineering structure, using an outdoor explosion test, the dynamic
response and failure modes of reinforced concrete (RC) slabs with different aluminum foam protective
layers under blast loading were studied, and the finite element model was established by using the LS-
DYNA software. Through comparison with the test, the feasibility of the model was verified. The
dynamic responses of RC slabs with or without aluminum foam protective layers were compared and
analyzed, and the effects of aluminum foam density gradient distribution and longitudinal reinforce-
ment ratio were analyzed. The results show that the finite element model can accurately describe the
dynamic response of RC slabs with aluminum foam protective layers. Aluminum foam protective lay-
ers can effectively reduce the deflection of reinforced concrete slabs and reduce the damage of speci-
mens. The aluminum foam density increases from bottom to top, which has the best blast-resistant
performance on RC slabs. Moreover, increasing the reinforcement ratio can improve the blast-resist-
ant performance of aluminum foam-protected RC slabs.

Keywords: aluminum foam; reinforced concrete slab; blast loading; blast-resistant performance; den-

sity gradient (T kA=)
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