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Energy absorption of foam concrete filled aluminum tube composite cladding
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Abstract: To improve the energy absorption performance of metal circular tube composite cladding, foam con-
crete filled aluminum tube composite cladding was proposed in the present study. With consideration of different
foam concrete densities of 300 kg/m?® 700 kg/m® and 1 100 kg/m?®, the deformation mode, mechanical properties
and energy absorption performance of single foam concrete filled aluminum tube, as well as foam concrete filled
aluminum tube composite cladding under quasi-static compression, were experimentally investigated. The results
show that the energy absorption of the aluminum tube filled with 300 kg/m® foam concrete is slightly inferior to that
of the hollow aluminum tube. With increasing the foam concrete density to 700 kg/m® and 1 100 kg/m?, the energy
absorption performance of the filled aluminum tube is significantly improved with the increased total energy ab-
sorption by 286% and 815%, respectively. Compared to the single aluminum tube, the mutual extrusion among
tubes would greatly improve the specific energy absorption of the hollow aluminum tube and 300 kg/m® foam con-
crete filled composite claddings, which are increased by 28.6% and 68.9%, respectively. Nevertheless, the specific
energy absorptions of 700 kg/m?® and 1 100 kg/m® foam concrete filled aluminum tube composite cladding decrease

by 42.7% and 38.1% due to the mutual extrusion effect of aluminum tubes. Therefore, from the point view of the
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practical application of the proposed foam concrete filled aluminum tube composite cladding, a small aluminum
tube spacing is suggested with the low density of foam concrete filler, meanwhile, a large aluminum tube spacing is

recommended to prevent the extrusion of aluminum tube with the high density of foam concrete filler.

Keywords: foam concrete; aluminum tube; composite cladding; deformation model; energy absorption
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Table1 Basic parameters of cement

Setting time/min Flexural strength/MPa Compressive strength/MPa
Cement Specific surface area/(m*kg™")
Initial 1d 3d 1d 3d
R.SAC42.5 40 10 6.1 6.5 37.2 45.1
R KR+ U RAFROM S T 5] R, BRI e AR, B Ok

WA E R, RS 1GI/T 341—2014% 3K 56
55 6 0 TR TR 5 = SRR 2 B AT IR . K AR
80 mm . = 80 mm I ¥ S - 1 (5] 37 B 7E K F- 3
B MR (500 mmx500 mm) -, K i 55 IR K U8 K
PRVE B0 B 2 e, O 8] 6 2 T v vk K e

KIHAR ASRIBIE . FFE 1min 5, KA ERM
B VR IR I KK E AR, B A 0 2K 7K T8 3 1A 1)
WA . B 1N 3 Bl R 25 B i TR TR B K e K
PRI Bl B D, e B R I K TR B AR U B
BE It 3 R BCH 4 {H, 300 kg/m®, 700 kg/m® Al



JE R0, BT IR IR BE 4 BR A 5 HE A I RE M RE

- 2887 -

1100 kg/m® 3 ¥k I3k 45 2R F- 318 43 51 o 282 mm
361 mm Fl 338 mm, 2% 5 3% 0B il 45 10 3 Fh o B i
WIRBE AR A R s, w35 % 50
HAE .

(a) 300 kg/m?

& (b) 700 kg/m?

' (c) 1 100kg/m’

P 1 AR B PRI SR A 3
Fig.1 Slurry fluidity of foam concrete with different densities
B A T 3 A I TR A [ 4 R I TR B R
&, 419~ 300kg/m®, 700 kg/m* 1 1100 kg/m?,

FE %k B 5, ) B A T OR E R Y A AR
(G okg/m® MO TRIRBE L), MEMWKE N
400mm, 42N 40mm, B E N 1mm. I Ah,
TR I 0 TS vk Re, HIAE T AR 3 RO [
2% i 1) 100 mmx100 mmx100 mm {1 7K J& % + 37 5
PP, Rl IR T AKUE I S AR e (55 (]
FARIIAULIRM1 700 kg/m® L IRIREE L), B
IR BE LR . S8 . WIRIREE - RUK e
SRS SHER IR, &L, HAEH
HRIR B+ 8 (AT-FC) ik 14 91, == #&il 1F
3, WIRIEEE - (FC) i 9 B, sk ¥ ik
33, AREEHH FC BLA WL 2, iR EBILER 3,

®2 FRZEWEFERTERSH

Table 2 Mix proportion of foam concrete with different densities

Mix proportion/(kg-m™)

Foam concrete density/(kg-m™) Water-cement ratio

Cement Water Water reducer Foam
300 159.92 79.96 0.48 60.12 0.5
700 438.04 219.02 1.31 42.95 0.5
1100 716.16 358.08 2.15 25.77 0.5
1700 1133.33 566.67 3.40 0 0.5
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Table 3 Summary of foam concrete and aluminum tubes
filled with foam concrete

Foam concrete Foam concrete

Specimen Specimen

density/(kg-m™) density/(kg-m™)
FC-300 345 AT-FC-0 0
FC-700 713 AT-FC-300 313
FC-1100 1126 AT-FC-700 689
FC-1700 1784 AT-FC-1100 1098

Notes: FC—Foam concrete; AT-FC—Aluminum tubes filled with
foam concrete.
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Fig.2 Fabrication process of foam concrete filled aluminum tube
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Fig.3 Expremental set-up for quasi-static compressive test
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Fig.4 Deformation process and failure mode of cubic foam concrete specimen with density of 700 kg/m® under quasi-static compression
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Fig. 8 Failure modes of aluminum tubes filled with different densities of
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Fig. 10 Force-displacement curves of aluminum tubes filled with different densities of foam concrete
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Table 4 Energy absorption of the foam concrete filled aluminum tube
Total energy absorption/J
. Densification Specific energy
Specimen displacement/mm Aluminum  Foam concrete Foam concrete filled absorption/(J-kg™)
tube filler aluminum tube
AT-FC-0 32.3 203.1 - 203.1 1 460.9
AT-FC-300 22.6 133.0 13.9 146.9 457.8
AT-FC-700 21.4 124.7 458.0 582.7 1294.8
AT-FC-1100 17.7 68.6 1586.4 1655.0 27131
High strength bolt
Front panel A
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Fig. 12 Installation diagram of composite cladding
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Fig. 14 Force-displacement curves of composite cladding with hollow and different densities of foam concrete filled aluminium tubes
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Fig. 15 Energy absorption of single foam concrete filled aluminium tube and filled aluminum tube in composite cladding under quasi-static compression
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