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Experimental study on axial compression performance of concrete short

columns with hollow sandwich steel jacketed aluminum tubes

LI Bing, TIAN Liming, ZHOU Bo
(School of Civil Engineering, Shenyang Jianzhu University, Shenyang 110168, Liaoning, China)

Abstract: In order to study the axial compression performance of concrete short columns with
hollow sandwich steel jacketed aluminum tubes, an axial compression test on eight members by
varying the parameters was carried out. The axial compression test was conducted on components
with hollow ratios of 0.38, 0.51, 0.78, concrete strength of ordinary concrete C30 and
lightweight concrete C30, and inner aluminum alloy tube thickness of 5 mm and 3 mm. Based on
the axial compression load capacity formula of the concrete short column of hollow sandwich steel
tube, the restraint effect coefficient in the formula was modified, and finally a better fitting
formula for the calculation of the axial compression load capacity of the concrete short column
with hollow sandwich steel jacketed aluminum tube was derived. The results show that the
failure mode of the component is bulging at the middle or end of the span, with the outer steel

pipe bulging outward, the core concrete being crushed, and the inner aluminum alloy tube sinking
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inward. The ultimate load capacity of the members with hollow ratio of 0. 78 and 0. 51 is

increased by 29% and 19% respectively compared with the members with hollow ratio of 0. 38,

and the ultimate load capacity of ordinary concrete members is increased by 60% compared with

that of lightweight concrete members. The load capacity of members with inner pipe wall

thickness of 5 mm is increased by about 2% compared with that of members with inner pipe wall

thickness of 3 mm. The load bearing capacity of the member increases with the decrease of the

hollow ratio, the increase of the concrete strength grade and the increase of the inner aluminum

alloy tube thickness.

Key words: composite structure; hollow sandwich steel jacketed aluminum tube concrete; short

column; axial compression test; load capacity calculation
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Table 1 Hollow sandwich steel jacketed aluminum tube concrete short column specimen size
EWEE R AR E H/mm | SME AR Di/mm | SMEREE ¢ /mm | A HE Do /mm | HEBEE ,/mm | s | REE+HRE SR
HSCACI-1 600 200 4 150 5 0.78 @ C30
HSLCACI-1 600 200 4 150 5 0.78 i C30
HSCAC2-1 900 300 4 150 5 0.51 Him C30
HSLCAC2-1 900 300 4 150 5 0.51 % C30
HSCAC2-2 900 300 4 150 3 0.51 W@ C30
HSLCAC2-2 900 300 4 150 3 0.51 B R C30
HSCAC3-1 1 200 400 4 150 5 0.38 W@ C30
HSLCAC3-1 1 200 400 4 150 5 0.38 2 JE C30
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Table 2 Concrete mix ratio
ey M=/ (kg » m™3)
K [ IR A PR v B L UNGE R # 7K 5 7K
3m C30 284 795 72 1124 5.0 150
B JE C30 486 389 83 122 122 85 5.8 170
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Schematic diagram of test components
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Fig.2 Measurement point layout
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Table 3 Mechanical properties of aluminum alloy materials

N TR it 1 3 g/ MPa B B i ) / MPa S BE/ MPa AL/
AL1 77.9 161.8 65 446 0.35
AL2 113.5 223.0 74 645 0.32
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Fig. 3 Failure modes of material performance components
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Table 4 Mechanical properties of steel
s it R 38 B / MPa e L 38 B2 / MPa PR HE/10° MPa AL/ E
Gk 306 434 1. 64 0.34
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Fig. 4 Failure modes of specimen
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Table 5 Test results
i B TR 2 I B B J5E /mm s BRI /KN | IR /(KN mm 1)
HSCACI1-1 F3m C30 5 0.78 1310 359. 28
HSLCACI-1 5 C30 5 0.78 1209 330. 48
HSCAC2-1 ;5@ C30 5 0.51 3189 746.72
HSLCAC2-1 %5 C30 5 0.51 2 320 637. 80
HSCAC2-2 5@ C30 3 0.51 3013 644. 68
HSLCAC2-2 5 C30 3 0.51 2 210 558.55
HSCAC3-1 ;5@ C30 5 0. 38 5624 1 169. 06
HSLCAC3-1 ¥ 5 C30 5 0.38 3 535 844. 03
6 o HSCACHI F 4 P A T PO RS BE DS Ny 3 e (19 ) 7R R ) 48 75
LT pscac 2y 596 LR IRPERI BB B 24 15%
o 3.3 WESETESH
g T e 3 3 TR g 2 1 705 A7 B il 28 DL e R 75 IR
S HEAT v 2 o JE2 0 A R R P At R A L TR 8
T o b R R B (RS I 2, T LR R L
° 4 N 16 TE4r k3 AW BE LA B R SRk B BE OA L 800 2k By B
(a) 3T IR A AB VUK F BB BC,
i A S 1 v 2 ot J2 0 4 8 A TR R A
Al Bl FE 3ot R 45 B B AR T
g | fon — nsicaca- (1)9%1@@5&(0/& B o
% S HSLCACI-1 TE TN 2% 50 2% 52 58 5 L F 4R 1E =00 28, ik R 44
e Ak 4 T I B L SR B A1 32 TR RE L A
M'; P O SR DL N B G AL 2 AR
s 25 | B -0 B 2 0% A A A 2 I I I 2

(b) BRI KT
BS AERZETHEH-CB %

Fig.5 Load-displacement curves under different

hollow ratio
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Fig. 6 Load-displacement curves under different

concrete strength
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inner aluminum alloy tube thickness
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Table 6 Comparison of ultimate bearing capacity

WA 5 N, /kN N./kN N./N,
HSCACI-1 1310 1451 1.108
HSLCACI-1 1209 1271 1.051
HSCAC2-1 3189 3493 1.095
HSLCAC2-1 2 320 2 404 1.036
HSCAC2-2 3013 3305 1.097
HSLCAC2-2 2 210 2 272 1.028
HSCAC3-1 5624 5631 1.001
HSLCAC3-1 3535 3762 1.064
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