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Quasi-static Test on Ultra-high Strength Concrete Filled Steel Tube Columns

WEI Jian-gang'?*, ZHOU Jun', YANG Yan', CHEN Bao-chun'
(1. College of Civil Engineering, Fuzhou University, Fuzhou 350108, Fujian, China;
2. School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, Fuyjian. China)

Abstract: Taking axial compression ratio, steel ratio and aspect ratio as experimental parameters,
quasi-static tests on eleven ultra-high strength concrete filled steel tubular (UCFST) columns
were carried out, and load-displacement hysteretic curve, skeleton curve, as well as the seismic
performance indexes such as ductility, energy consumption, strength and stiffness degradation
were analyzed. The results show that with the increase of axial compression ratio, the ultimate
bearing capacity and the ductility of the specimens decrease, the overall energy dissipation
capacity also decreases, and the degradation in strength and stiffness is substantial. As steel ratio
increases, the elastic stiffness and ultimate bearing capacity as well as the ductility can be
improved, meanwhile the energy dissipation capacity increases., degradation levels for strength
and stiffness decrease. As aspect ratio increases, the elastic stiffness and ultimate bearing
capacity as well as the ductility decrease, while the overall energy dissipation capacity also
decreases, and the degradation of strength and stiffness increase. Limited to the scopes of

applicable materials, the current codified flexural rigidity and ultimate bending moment
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calculation methods for conventional composite structural members are not suitable for UCFST

structures, and the deviation of calculation results are very large. It is necessary to modify them

properly, so as to apply them to the flexural rigidity and ultimate bending moment calculation of

UCFEFST structures.

Key words: steel tube; ultra-high strength concrete; quasi-static test; seismic performance; ulti-

mate bending moment
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Tab.1 Specimen Parameters
5 WU R WESME D/mom | JBE T/mm | KEL/mm | KK L/D TR « No/kN R 2
1 SU-T8-1.19-N03 140 8 1 900 14 0.275 111 0.03
2 SU-T8-1.19-N06 140 8 1 900 14 0.275 223 0.06
3 SU-T8-1.19-N11 140 8 1 900 14 0.275 446 0.11
4 SU-T8-1.19-N17 140 8 1 900 14 0. 275 668 0.17
5 SU-T8-L19-N23 140 8 1 900 14 0.275 891 0.23
6 SU-T5-L19-N11 140 ) 1 900 14 0.160 378 0.11
7 SU-T6-L19-N11 140 6 1 900 14 0.196 400 0.11
8 SU-T10-L19-N11 140 10 1 900 14 0.361 489 0.11
9 SU-T8-L14-N11 140 8 1400 10 0. 275 446 0.11
10 SU-T8-L24-N11 140 8 2 400 17 0. 275 446 0.11
11 SU-T8-L29-N11 140 8 2900 21 0. 275 446 0.11
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Fig.1 Test Device
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Fig. 2 Load-displacement Hysteretic Curves
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Tab.2 Characteristic Values of Skeleton Curve

WL TR ko/(kN e mm~1) | P,/kN | P,y /kN| P, /kN | u,
SU-T8-L19-N03 5.5 121.7 | 143.8 | 141.4 | 4.3
SU-T8-L19-N06 5.2 112.6 | 129.9 | 112.8 | 4.5
SU-T8-L19-N11 5.0 100.5 | 110.4 | 93.8 |3.6
SU-T8-1.19-N17 5.2 89.0 | 99.1| 84.2 (2.6
SU-T8-L19-N23 4.8 82.2 | 90.9 | 77.3 2.1
SU-T5-L19-N11 4.4 71.8 | 79.9 | 67.9 3.1
SU-T6-L19-N11 4.9 83.8 | 92.5| 78.6 [3.2
SU-T10-L19-N11 6.2 113.0 | 130.5 | 103.2 [4.1
SU-T8-1.14-N11 16. 6 212.0 | 241.5 | 205.3 | 3.0
SU-T$-1.24-N11 4.5 97.3 1 108.3 | 92.0 |2.3
SU-T8-L29-N11 2.5 65.4 | 71.4| 61.1 2.1
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Fig. 4 Equivalent Viscous Damping Coefficient-displacement Curves

o0

p8|'

)

~18
(ol —— SU-T8-L14-N11

g —— SU-T8-L19-N03 s —= SU-T5-L19-N11 g
g —— SU-T8-L19-N06 g 6- ~ SU-T6-L19-N11 | ~ SU-T$-L19-N11
~— SU-T8-L19-N11 © % —— SU-T8-L19-N11 . 125 ~— SU-T8-L24-N11
g, ~— SU-T8-L19-N17 —— SU-T10-L19-N11 g |k ~— SU-T§-L29-N11
= —— SU-T8-L19-N23 ¢ =
B | &
B2 ok =
Rl . &
® e T, e e T ) " . |
300 600 900 300 600 900 600 900
BB 7 AE/(MN « mm) B #E fE/(MN » mm) B P L #E fig/(MN + mm)
(a) HIEH (b) AWE (o) K&k

5 RIERLE
Fig.5 Stiffness Degradation Curves



%58 FER.F.AERZBRBELIENS XL 67

1.5
® 10"%%%
- W 0.5 L e T
® —o0.57
*E —l.OM)WW e
300 600 900 300 600 900 15 300 600 900
B B [E$E AR/(MN + mm) BB E FE #8/(MN + mm) R A E FE BE/(MN + mm)
—~— SU-T8-L19-N03 —— SU-T5-L19-N11 —— SU-T$-L14-N11
~— SU-T8-L19-N06 —— SU-T6-L19-N11 —— SU-T8-L19-N11
—— SU-T8-L19-N11 —— SU-T8-L19-N11 —— SU-T8-L24-N11
~— SU-T§-L19-N17 SU-T10-L19-N11 - SU-T8-L29-N11
—— SU-T$-L19-N23
(2) M (b) &EH=E (¢) kit

6 SEEIRLiZ
Fig. 6 Strength Degradation Curves
®3 RENEABTHEESKKEEIL

Tab.3 Bending Stiffness Comparison Between Calculated Results in Codes and Test Results

Ki/ K./ ACI 318-08 BS 54002005 ANSI/AISC 360-05 EC4
B P 5

(kN+em 2) | (kN*m 2| Ku/Ki | Ki/Ke | Ki/Ke | Ki/Ke | Ki/Kie | Ki/Kee | Ki/Ki | Ki/Ku

SU-T8-L19-N03 2 147 1787 1.348 1.122 1. 020 0. 849 1.095 0.911 1.162 0.967
SU-T8-L19-N06 2185 1869 1.372 1.173 1.038 0. 888 1.114 0.953 1.182 1.011
SU-T8-L19-N11 2212 2077 1.389 1. 304 1.051 0.987 1.128 1.059 1.197 1.124
SU-T8-L19-N17 2 274 2 121 1.427 1.331 1. 080 1. 008 1. 160 1. 082 1.231 1.148
SU-T8-L19-N23 2 162 1978 1.357 1.242 1. 027 0. 940 1.102 1. 009 1.170 1. 070
SU-T5-L19-N11 1809 1698 1.699 1.594 1.063 0.998 1.193 1.120 1.307 1.227
SU-T6-L19-N11 2 049 1935 1.559 1.473 1.081 1.021 1.194 1.128 1.277 1. 206
SU-T10-L19-N11 2 514 2 399 1.552 1.481 1.179 1.125 1.282 1.223 1.339 1.278
Y{ 1.463 1. 340 1. 067 0.977 1.159 1. 061 1.233 1.129

T ol 22 0.118 0.154 0. 059 0.095 0.063 0.108 0.063 0. 101

T+ K by 0 06 T 25 W LR TS0 5 Ko 0 P B B 25 W B R S
®4 BRTEMABTHESKBEE

Tab.4 Ultimate Bending Moment Comparison Between Calculated Results in Codes and Test Results

ACI 318-08,
M./ BS 5400:2005 GB 509362014 EC4
R 5 ANSI/AISC 360-05
(kN « m)
M,./(kKN « m) | Mye/Mye |Mue/(KN « m) | Mue/Mye |Muc/ (KN« m) | Mye/Mye |Mue/ (KN« m) | My /M,

SU-T8-1.19-N03 77.88 54.57 1.427 55.59 1.401 74.32 1.048 38.33 2.032
SU-T8-L.19-N06 78.13 54.57 1.432 55.59 1.405 74.32 1.051 38.33 2.038
SU-T8-L19-N11 78.38 54,57 1.436 55.59 1.410 74. 32 1.055 38. 33 2. 045
SU-T8-L.19-N17 80. 42 54,57 1.474 55.59 1. 447 74.32 1. 082 38.33 2.098
SU-T8-1.19-N23 79. 88 54.57 1. 464 55.59 1.437 74.32 1.075 38.33 2.084
SU-T5-L19-N11 56. 12 35. 65 1.574 38.06 1.475 48.31 1.162 34. 62 1.621
SU-T6-1.19-N11 64. 34 42.15 1.526 44.19 1.456 56. 71 1.135 43.78 1.470
SU-T10-L19-N11 91. 80 66.21 1. 386 69. 32 1.324 93.53 0.982 95.51 0.961
o=} 1. 465 1.419 1.074 1.794

i i 22 0.060 0. 046 0.055 0.411

TE « M 2 1 BRSHE 06 8 3 Mue b 1l BR 25 LR 3 31
Hi2e 4 AT LU W B LB/ B RS RE A TR X A PR 25 A B 5 R S e & R AT
b e U0 O S B OB B S B T BRI U B8 GB 509362014 T 45 R 5 0 45 R i o R
B EREE RN RSB 2 R, X BS 5400 R Z L JF K ACT, ANSI/AISC LA K
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