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Experimental study on high strength tapered thin walled concrete-filled

double skin steel tubular stub columns under axial compression
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Abstract: A total of 10 high strength tapered thin walled concrete-filled double skin steel tubular(THSTW-CFDST)
stub columns under axial compression with Q690 steel and C120 concrete were tested in five groups, and the test
parameters were the diameter-to-thickness ratio of internal and external steel pipes, the hollow ratio and
longitudinal stiffeners. The results showed that with the increase of the hollow ratio and the diameter-to-thickness
ratio of the inner and outer steel pipes, the ultimate load bearing capacity of the specimen decreased. Compared
with the ribbed specimens, when the hollow ratio was 0. 72, the ultimate load bearing capacity of the specimens
without ribs increased by about 7. 2%, when the hollow ratio was 0. 82, the ultimate load bearing capacity
increased by about 7. 5%, and when the hollow ratio was 0. 85, the ultimate load bearing capacity increased by
about 10. 9%. The finite element software ABAQUS was used to numerically simulate THSTW-CFDST stub
columns under axial compression, and the whole process of axial compression was analyzed. The results showed
that the whole process of this component under axial compression included the elastic stage, the elasto-plastic stage
and the plastic descending stage. Finally, the formula for calculating the axial bearing capacity of the longitudinal
stiffeners reinforced THSTW-CFDST stub columns member was proposed, and the calculation results of the
formula were in good agreement with the test results.
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Fig. 1 Sections of specimens
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Tab. 1 Parameters of specimens
i SN T/ mm SR AR R ORI R
1 om T 230N R
K3k DXt ANk D Xt falEl Kkdio<e ASkdo<e Bk Y Limm
CFDST-ZY-1A
. 0360X3 D338X3 120 300X 3 D278 X3 100 0. 85 1 080 12.13
CFDST-ZY-1B
CFDST-ZY-2A
. 0300X 3 D282X3 100 D240X 3 D222X3 80 0.82 900 12. 36
CFDST-ZY-2B
CFDST-ZY-3A
. 0300X 3 D282X3 100 D240X 4 V222X 4 60 0.82 900 12. 36
CFDST-ZY-3B
CFDST-ZY-4A
. D300X 4 D282X 4 75 210X 6 D192X 6 35 0.72 900 11.5
CFDST-ZY-4B
CFDST-ZY-5A
0300X6 D282X 6 50 0210X 6 D192X 6 35 0.72 900 18.17
CFDST-ZY-5B
#* 3 PR,
WHE ®3 BEtHHEIN
W Tab.3 Mechanical properties of concrete
— W TP SRR R RIRIENE
%5 E fun/MPa  E./MPa v e
i SN A
W Hi 21 126. 9 44169.9  0.22 4.4
72 125. 4 44 377.3 0.22 4.4
73 130.5 46 152.9 0.22 4.6
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Fig. 2 Overall of specimens
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Tab. 2 Mechanical properties of steel
o fi f E 8
e A
/mm /MPa /MPa /MPa /%
3 mm WE  3(3.12) 788 845 2.11X10° 20.16
4 mm B 4(3.97) 755 803  2.05X10° 18.29
6 mm N 6(5.79) 708 767  2.09X10° 17.71
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Fig. 8 Load-displacement curves
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Tab. 4 Ultimate strengths of specimens under axial compression

Wl W/AMRE BRI N N
. EERINESS . Vi/%
ETRss I N, /kN Nuzxa
ZY-1A 5 976(6 280)

0.85 100/120 10.9
7ZY-1B 6 630
ZY-2A 6 051(6 355)

0.82  80/100 6.0
ZY-2B 6 413
ZY-3A 6 616(6 962)

0. 82 60/100 8.9
ZY-3B 7 209
ZY-1A 9 577(10 040)

0.72 35/75 7.5
7Y-4B 10 294
ZY-5A 9 950(10 490)

0.72 35/50 6.8
7ZY-5B 10 628

T A5 5 PR S AR BTG W 30 7R 0 550 2 Bl R #8801 Z A

2.3 M. SMRENE

DLz AN | AR 425 e 2 IR B 5 2 4
AR ], MG BN AR i 2 9L 18 10 B .
R 027 e S i ol (O Y v ¢ X S (=R =
B T8 AL ) A Y ER A 1 A BR 1] 0 ) 35 B
JoE AR 2 A8 - T8 AR A B e R R A R 5 B
JE AR ISR i 3R A R v R AR A R 43 )
IS IR AZ. 58 W 1] 0 0 M v 4 g R A X i
BELBOL AR M, JF RE 22 BN B0 R IRl L otk
A A B R A RO R =) IR R B BE 7. AR b
PR e 0 A 1) 5278 A I A 4 RIS 4 305 ) Je AR AR
DA [ 7 78 R 5 ) Je ke AR R W Y BN T R
SEfORB AR ZHERAER, mAMNE AR T
RET, LR E) LR TREE LA E .



% 2 BREEME, 45 & aRHETE v as Je J2 0 A A A8 TR EE 4 St J8 AT A 3R i o 311
7000 , 7 0001 : 70000 |
6000 '.)..7,:.7%;:&4% 6 000 1 6000
- 5 Y i
5000 | B 50001 IR R7 AR 5000
€ 4000 WHEE’%: % Zaooof W Za000
= | ; " | ! & L
w3000 ] = #3000 e, §z 3 000
2000F —a—8:  —v—&a : '-.“;% 2000 —-—:xm 2000
By = | e
1000 ey —e—Eie I % 1000 e 1000
0 L I I 1 4 0 L 1 I L 0 I 9
~15000-12000 <9000 —6000 —3000 0  —5000 —4000 -3000 -2000 —1000 0  -4000 -3000 -2000 —1000 0
e/(x107%) /(% 107) e/(x107)
(a) L4k (b) HHTRA 1] (c) FERgAIE
7000
1
i C—— . 1Y .
L - e
5000 Y
z A '
Zao000f l: "‘
g 3000F ; |
—e—2, —E—En e,
2000F —a—ip,, : : —a—ns —v— g
[ —+—Ens  ——En
1000 — &L 1 ! [ e En3x -
0 L i 0 | I I 1 0 I I I )
12000 —-8000 -4000 0 0 5000 10000 15000 20000 0 400 800 1200 1600
e/(x107™) /(% 107) /(% 107)
(d) AV D 1m) (e) FifFRIE (f) HRERa]
7000 7 0001
6 000[ A2, 60000 -
5000[ " 5000F
z z
24000 4000
23000 ey, iE3000F e
2000 v 20001 A
——&ns ——tny.
1000 gy, 1000 e,
0 % 1 Il Il ] G 1 1 1 1 J
0 400 800 1200 1600 0 400 800 1200 1600 2000
e/(x107) e/(x107)
(g) FHBERI) (h) P ERE BT
B9 X ZY-2A k- i &
Fig. 9 Load-strain curves of ZY-2A
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Fig. 13 Comparison of failure patterns between FEA and test
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Fig. 15 Interaction between steel tube and concrete
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Tab. 5 Comparison of axial compressive bearing capacity between test results and theoretically calculated results

Z;i NJEN No/RN NiRN NN Ny NN VQV L% VQV /% N"AQUNS/% %%;3; ;m
7ZY-1A 5976 7 196 5768 6 424 6 266 —0.4 3.5 —7.5 —5.7 0. 35
ZY-1B 6 630 7 502 5962 6 744 6 826 —13.1 10. 1 —1.7 —4.2 0. 38
7ZY-2A 6 051 5902 4 811 5 239 5 658 20.5 13. 4 4.7 0.42
7ZY-2B 6 413 6 210 5013 5 559 6 191 21.8 13.3 1.3 0. 46
7ZY-3A 6 616 6 560 5408 5 837 6 315 18. 3 11.8 2.9 0.42
7ZY-3B 7 209 6 928 5 665 6 220 6 912 21.4 13.7 2.2 0. 46
ZY-4A 9 577 8 768 7 523 7 633 9 501 21.5 20.3 —2.1 0. 60
ZY-4B 10 294 9 542 8 081 8 415 10 388 10. 2 23.7 18. 3 —0.3 0. 66
7ZY-5A 9 950 9 821 7 928 8 472 10 312 20. 3 14.9 —4.9 0. 84
7ZY-5B 10 628 10 682 8 487 9 369 10 351 22.2 11. 8 3.3 0.93
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