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Experimental study on the behavior of special T-shaped composite
columns with concrete-filled square steel tubulars under eccentric loads

LI Quan', ZHOU Xuejun' . LI Guogiang'* . LIU Zhe', WANG Zhen', WANG Xingbo', XIAN Guodong'
(1. School of Civil Engineering, Shandong Jianzhu University, Jinan 250101, P. R. China; 2. College of Civil Engineering,
Tongji University, Shanghai 200092, P. R. China)

Abstract: The special T-shaped composite columns with concrete-filled square steel tubulars have good
mechanical properties. Taking the length, eccentricity and eccentricity direction of the specimen as the test
parameters, nine specimens with different slenderness ratio are designed for eccentric compression test. By
observing the failure mode of the specimen, the load-strain curve and load-deflection curve are obtained,
and the influence of each parameter on the eccentric compression performance of the specimen is analyzed.
The test results show that the strength of 600 mm long specimens is damaged. The specimens with lengths
of 1 500, 1 800 mm are broken by bending instability; the longer the specimen length is, the more obvious
the bending failure characteristics are; the larger the eccentricity is, the lower the eccentric bearing capacity
is; the eccentricity direction has a relatively small impact on the eccentric compression performance. It is

found that compared with the calculation results of relevant specifications, the results calculated by DBJ /
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T 13-51-2010 are in good agreement with the test results. The ductility of special T-shaped composite

columns with concrete-filled square steel tubulars is well, the square steel tubes can work together, and the

eccentric compression performance is good.

Keywords: concrete filled square steel tube; composite special-shaped column; eccentric compression;

mechanical properties; experimental study
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Table 1 Design parameters of test pieces

LR e B RER ¢/ mm K L/mm i 0 e/mm L7 1] = A PRI BRATT 2B Nue /KN
T-1 4 600 20 x+ 7 3 058. 00
T-2 4 600 40 vyt 10 2 290. 90
T-3 4 600 60 y— 10 1 898. 70
T-4 4 1500 20 v+ 25 2 409. 70
T-5 4 1500 40 y— 25 1 859. 50
T-6 4 1 500 60 x+ 17 2 036. 30
-7 4 1 800 20 y— 29 2 459. 50
T-8 4 1 800 40 x+ 20 2 340. 00
T-9 4 1 800 60 vyt 29 1 534. 30
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Table 2 Steel material property test results
AR5 JERE /mm PEHE/mm Jit I3 B / MPa e BB / MPa g3/ % JE R
S1 4 20 335. 38 423.77 18. 26 0. 791
S2 4 20 349. 63 421.13 20. 87 0. 830
S3 4 20 348. 00 427.75 19.13 0. 814
*3 BEIMERBER
Table 3 Test results of concrete properties
gl o PR fea/MPa feu/MPa fe/MPa E:/MPa
1 6 150 mm><X150 mm>X150 mm 30 44,23 33. 27 33 596. 65
2 6 150 mm X150 mm>X 150 mm 30 45. 33 34. 24 33 872. 88

s f o FHRBE LU SR B BB 5 f oy SR BE L7 7 PR BTIRR BEAH 5 S S TR BE LAl oL DR B 1 5 e S TR L VA (1

1.3 mMFAFE

TR0 TN R A RS 45 1 i 2K, 40 4 o 280 2 Oy
1 mm/min, BN N ITERRAEE 1/10, K567
BFA] 2 ming 24 far 03K BT 5AR BR 17 2% 1 80 %6, Jin 2k
PREEN 0. 5 mm/min, A B R TR BR A F2 1Y
1/20 F5 47 B [B] 2 min 7 faf 2 B3 A% 25 4 FR faf 28211
75 Y E R AR T i KR B 4k 2 in 2 st 45 1k 3
IR E W 4 Frs  inRH R 5 iR,

(b) I

B4 KBEEER
Fig. 4 Test device
1.4 MEHE

PR T A% a0 7 DL SN A i A )
TR ) 07 728 Sy i 6 ) = B0 i PN T A A
R Y sE a4 F Sl S SR AR AN 5 Z L B
FRERG R, IR LA TSR E 2 M
it LA Sl i b 1) 52 8% 5 YA i A6 S A4 D 43 05
VL E 3 A E RS T DA 0 ) e it 6 % 5 7E
1/2 ¥ A R4S f e & 2 SRS, I
BN . FEBUF 1/2 & BE AL T A48 DU A A

(a) B~ZE

10 = Jl 45° 07 2% 46 10 B 32 12 i 2 1) A () 7 AE
A BB 6 s,

A/mm
(N)A,

(0.8N,)A,

=0 mm/min, FF{2 min

v=(4,- 4))/(ty-t;)=1 mm/min
v=(44— 43)/(t4~13)=0.5 mm/min

(Np)A,

(VA I

-2 by by LyH2 5—2 ty ty ty+2
t/min

5 fnEHE
Fig.5 Loading system

[ ] ! ]

i [ TT0s

<

I
- - —
N

N
- |- —

=

3

- —

-
L/4

JEEL

6 MBITERNERHEREE

Fig. 6 Layout of displacement meters and strain gauges
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Fig. 10 Load strain curves of No. 1 to No. 9 test pieces
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Fig. 12  Strain distribution of the middle section of pieces
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Table 4 Analysis of test results
S

KT — R A

K (TR E Ry
1 1 1 1 3 058.0
2 1 2 2 2 290.9
3 1 3 3 1898.7

x5 REERBEWMN S

Table 5 Mean response analysis of test results

(SES
K =5
K B AR
1 2 416 2 642 2 478 2 151
2 2102 2163 2078 2 262
3 2111 1823 2073 2216
W2 314 819 406 112
Hewk 3 1 2 4
Fo6 RWERFTENN
Table 6 Variance analysis of test results
BRI AME AdjSS  AdiMS Fff P1{g
K 2 191487 95 744 10. 14 0. 090
U B 2 1016479 508240  53.83 0.018
{75 1] 2 324330 162165  17.18  0.055
R 2 18 882 9 441
At 8 1551178

S=97.1644 R-sq=98.78% R-sq(f%)= 95.13%
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Table 7 Comparison between the calculated value and the test value of each code for bearing capacity of the test pieces
BOEHS  ¢/mm L/mm e/mm A AISCr DBy BS54007 ECdn Alln CECSn
T-1 4 600 20 7 0.718 1. 018 0. 821 0. 904 0. 948 1. 149
T-2 4 600 40 10 0. 764 1. 043 0.916 1. 050 1. 006 1. 208
T-3 4 600 60 10 0. 760 1. 035 0. 956 0. 844 1. 011 1. 202
T4 4 1 500 20 25 0.922 1. 033 0.976 1. 096 1. 059 1. 190
T-5 4 1 500 40 25 0. 941 0.974 1. 042 1. 165 1. 109 1. 270
T-6 4 1500 60 17 0. 693 0. 994 0. 838 0. 786 0. 861 1. 014
T7 4 1 800 20 29 0.903 0. 999 0.935 1. 057 0. 985 1. 105
T8 4 1 800 40 20 0. 734 1. 035 0. 846 1. 040 0. 880 0. 957
T-9 4 1 800 60 29 0. 941 0. 921 1. 043 0. 946 1. 084 1. 269
0 0. 820 1. 006 0.930 0. 987 0. 994 1. 151
G 0. 098 0. 037 0. 079 0.118 0. 081 0.102
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