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Deformation behavior of steel tube-confined concrete-filled steel tube
columns under sustained axial compression

LI Yanhua', ZHANG Sumei', WANG Yan', WANG Yuyin®

(1. Civil and Environmental Engineering, Harbin Institute of Technology (Shenzhen) , Shenzhen 518000, Guangdong, China;
2. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Long-term tests under axial compression were carried out on 16 steel tube-confined concrete-filled steel
tube columns and two concrete-filled steel tube columns for 350 d to investigate the long-term deformation
performance. The main research parameters were stress ratio of the core concrete (0.35, 0.50, and 0. 65) , total
steel ratio of the inner and outer steel tubes (5.8% , 10.5% , and 15.0% ) , and the steel ratio between the inner
and outer steel tubes (0.30, 1.25, and 2.23). The working mechanism of the steel tube-confined concrete-filled
steel tube columns under long-term axial compression was analyzed, and a theoretical calculation method for long-
term deformation of steel tube-confined concrete-filled steel tube columns was established. Results show that the
long-term deformation increased with the increase in the stress ratio of the core concrete, and decreased when the
total steel ratio and the ratio between the inner and outer steel tubes increased. The comparison between the
theoretical and test results shows that the long-term deformation increased with the decrease in relative humidity.
When different concrete shrinkage and creep models were used, the influence of relative humidity varied, and the
CEB-FIP 2010 model had the best performance. Therefore, the CEB-FIP 2010 model with 100% relative humidity
is recommended for the calculation of steel tube-confined concrete-filled steel tube columns under long-term
deformation.

Keywords: long-term loading; steel tube confinement; concrete-filled steel tube; shrinkage and creep; relative
humidity
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Fig. 1 Schematic of steel tube-confined
concrete-filled steel tube column
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Tab.1 Actual size and detailed parameters of specimens

RS D,/mm t,/mm D,/mm t,/mm o,/ % a,/ % o/ % n N, /kN
TCFST -0.35-2.5-1.5-a 165.6 2.5 219.1 1.5 6.4 5.1 11.5 1.25 432
TCFST-0.35-2.5-1.5-b 165.2 2.5 222.0 1.5 6.4 5.1 11.5 1.25 432
TCFST-0.50-2.5-1.5-a 164.8 2.5 219.8 1.5 6.4 5.1 11.5 1.25 593
TCFST-0.50-2.5-1.5-b 165.4 2.5 218.0 1.5 6.4 5.1 11.5 1.25 593
TCFST-0.65-2.5-1.5-a 165.3 2.5 220. 1 1.5 6.4 5.1 11.5 1.25 777
TCFST -0.65-2.5-1.5-b 165.4 2.5 220. 1 1.5 6.4 5.1 11.5 1.25 777
TCFST-0.35-1.0-1.0-a 165.8 1.1 217.6 1.0 2.5 3.3 5.8 0.75 368
TCFST-0.35-1.0-1.0-b 165.8 1.0 217.5 1.0 2.5 3.3 5.8 0.75 368
TCFST-0.35-1.8-1.8 -a 162.7 1.9 215.5 1.7 4.5 6.0 10. 5 0.75 403
TCFST-0.35-1.8-1.8-b 163.5 1.9 214.2 1.7 4.5 6.0 10.5 0.75 403
TCFST -0.35-3.0-1.0-a 165.3 3.0 218.2 1.0 7.7 3.4 11.1 2.23 453
TCFST-0.35-3.0-1.0-b 165.0 3.0 218.0 1.0 7.7 3.4 11. 1 2.23 453
TCFST-0.35-1.0-2.5-a 167.2 1.0 217.9 2.5 2.5 8.1 10. 6 0.30 368
TCFST-0.35-1.0-2.5-b 166.0 1.0 217.0 2.5 2.5 8.1 10. 6 0.30 368
CFST-0.35-4.0-0-a 165.9 4.0 10.5 10.5 494
CFST-0.35-4.0-0-b 165.3 4.0 10.5 10.5 494
TCFST-0.35-2.5-2.5-a 162.2 2.5 218.1 2.5 6.3 8.5 14.8 0.75 432
TCFST-0.35-2.5-2.5-b 165.4 2.5 218.6 2.5 6.3 8.5 14.8 0.75 432
TCFST-0.35-2.5-1.5-¢ 165.3 2.5 218.7 1.5 6.4 5.1 11.5 1.25
TCFST-0.35-1.0-1.0 -¢ 165.7 1.1 217.5 1.0 2.5 3.3 5.8 0.75
TCFST-0.35-1.8-1.8 -¢ 163.9 1.9 214.7 1.7 4.5 6.0 10.5 0.75
TCFST-0.35-3.0-1.0-¢ 164.7 3.0 218.5 1.0 7.7 3.4 11. 1 2.23
TCFST-0.35-1.0-2.5 -¢ 166. 4 1.0 217.7 2.5 2.5 8.1 10. 6 0.30
CFST-0.35-4.0-0-c¢ 165.6 4.0 10.5 10.5
TCFST -0.35-2.5-2.5-¢ 164. 8 2.5 218.3 2.5 6.3 8.5 14. 8 0.75
x2 WMMEZENFERE *3 BEITIENFERE
Tab.2 Main mechanical properties of steel Tab.3 Main mechanical performance of concrete
P JERSREE/  DriisREE/ SAPERLE/ o~ BEEE S i Sow/ E./ "
MPa MPa GPa MREEY MPa MPa MPa GPa

®165 x1.0 299. 6 390. 1 203 0. 245 C50 57.2 54.5 45.2 31.7 0.227

@165 x 1.8 315.2 399.6 200 0. 256 TSR 71.0 67.6 56. 1 28.0 0. 340
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Tab.4 Conversion coefficient of uniaxial compression strength

of concrete of specimens with different shapes and sizes

o Mk o/ TR+ .
RV ST B . ES
HA%/mm mm S

200 200 C30 ~ C80 0.950
SEOTIR 150 150 C30 ~ C80 1. 000

100 100 C30 ~ C80 1. 050

150 300 C50 0. 830

150 300 C60 0. 860
I £
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Fig.3  Spring-type compression creep tester
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Fig.6 Influence of stress ratio of core concrete
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Fig.7 Influence of steel ratio between inner
and outer steel tubes
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Fig. 8 Influence of total steel ratio
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Fig.9 Stress of inner steel tube
RO IREE AN E B LA B REE LR RS20
6] 77 , A2 1~ F-A
N = oy, 04, + 004, (2)
A N IR B RITEE T3, o, 0 R 8 B2
WEEINFHINL ST, 0 0 Lo B 2O TR BE 1 1Y



- 106 - MoK BT

3

AN

855 &

ONIRIE AT, Ay R PR A48 A i i AR, A, A TR BE
I T AR

E10 #ZLRBREZHTRE
Fig. 10  Stress of core concrete
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Fig. 11  Stress of interlayer grouting material
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Fig. 12 Stress of outer steel tube
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400
300 F
.
=
;"‘\f‘( 2008 7
= ANl SIS TCFST-0.35-1.0-2.5-a
W —— TCFST-0.35-1.0-2.5-b
100} | - - - CEB-FIP 2010
I ——--ACI 209-92
' ---EC2
| 1 1 1 1
0 100 200 300 400
TREE - # /d
(a) TCFST-0.35-1.0-2.5-a/h
600
Hy=90%
sool " Hu=929%
TUHg=94% .
L 400
) 300 . VT
§ \
2 500l — = Hy=96%
Hy=98%
o -~ = Hy=100%
or TCFST-0.35-1.0-2.5-a
, . ——TCFST-0,35-1.0-2.5-h
0 100 200 300 400

TRE LW /d
(a) TCFST-0.35-1.0-2.5-a/b

500 r
Hz=90%
400 F --— H,=94%

Hy=98%
- - - Hy=100%

100 f
------ TCFST-0.35-2.5-2.5-a
: . ——TCFST-035-2.5-2.5-h.

0 100 200 300 400

TR /d
(b) TCFST-0.35-2.5-2.5-a/h

14 AR ETAITES RO

Fig. 14 Influence of relative humidity changes on calculation results



FoH AHOAE S A 2R BN TR R L A A R I AR R e - 109 -
300 - 400
300
£ 200} b
3( R} ’ET’( 200
Yool A 2
[ 2 'ST-0.35-2.5-1.5-
i/ o wob [ TCFST-0.35-1.0-1.0-a
! ---~-;§~FASH;_2;5_2'5_1'5_ —— TCFST-0.35-1.0-1.0-b
:: TEHZ RS £ (V711124
1 1 1 1 1 1 1 1 ]
0 100 200 300 400 0 100 200 300 400
TRE - 140 d TR /d
(a) TCFST-0.35-2.5-1.5-a/b (b) TCFST-0.35-1.0-1.0-a/b
400 300
300
b4 L 200 P
f{;ﬁ 200 g
= 2
* “00r /o
100F ! S TCFST-0.35-1.8-1.8-a [ A TCFST-0.35-3.0-1.0-a
—— TCFST-0.35-1.8-1.8-h 1 —— TCFST-0.35-3.0-1.0-h
R V7o E2 i — -
1 1 L 1 1 1 1 1
0 100 200 300 400 0 100 200 300 400
TRBE LI /d TRABE 021 /d
() TCFST=0.35-1.81.8—a/h (d) TCFST=0.35-3.0-1.0-a/b
E15 BIgSMERSIKBERILL
Fig. 15 Comparison between theoretical analysis results and test results
HAN Linhai, MU Tingmin, WANG Facheng, et al. Design theory
3 ééj: ‘L{'} of CFST ( concrete-filled steel tubular) mixed structures and its

i 16 ASHYE LR B AN A TR BE A A 2 A
BN TR R A A A K3k 350 d FRnr i 1 45 540
AR THE RN 24 o 1) 4 A TR B S A K
PR BILL T 4518

1) 9 AR A TR B LA A A AR T A T 4%
I PR, 14 SR B N [ 3 4 1173 AR5
I3 RS 2 3845 e S 4R sl N = 55k
JEAVAE 5 AR HUE A S ORI RIS Bl N

2) SR A [ T 5 Wi 4 Ak e A TR AR K 3
ARSI I, AR N RE B4 5 e R R OR [, R
CEB — FIP 2010 B35 404 24 5 (4 A9 4 TR 5 1
HERRIARIE  FAXHEEE R 100%

3) A SCHE YR I e A 3 58 T 1 T AT
A5 1l T 499 240 R ) VR 5 b A R BT A
NRYAEFEAERE , A 2 TR A ] PR I I
FEHIRBA  BAE RS E M.

5 Wk
(1] sEAIE, R AR, T 0k, . S TRSE 1 1R 25 MR T R %
HAEMFRT AP RIN)]. £A T4 ,2020,53(5) 4

(2]

(3]

[4]

(5]

(6]

(7]

applications in bridge engineering [ J]. China Civil Engineering
Journal, 2020, 53(5): 4

GUO J J. A review of research on seismic behavior of concrete filled
[T].
Engineering, 2019, 5(7) : 33
JE e . AR e R SRR B B N B L] AR S
Prihr=,2020(24) 1195

XI Longhui.

steel tubular columns International Core Journal of

Application analysis of concrete filled steel tubular
structure in bridge construction [ J]. Housing and Real Estate,
2020(24): 195

WANG Haolei, SUN Tao, TANG Chen, et al. Experimental and
numerical investigation of steel-ultra-high-performance concrete

Advances in Structural

DOI. 10. 1177/

continuous composite beam behavior [ J].
2020, 23 (10 ) 2220.
1369433220911140

KWAN A K H, DONG C X, HO J C M. Axial and lateral stress-

Engineering,

strain model for circular concrete-filled steel tubes with external
steel confinement [ J]. Engineering Structures,2016,117:528
XIONG M X, XIONG D X, LIEW J Y R. Axial performance of
short concrete filled steel tubes with high and ultra-high-strength
materials[ J]. Engineering Structures,2017,136 ;494

ZRAE. 55 AE 2 TR BN TR B T A A B A ) 2 M RR AT (D]
W IR < YR Tolk R, 2018

LI Jian. Study on axial compression behavior of concrete filled steel



- 110 -

L I R 4

NI $55 %

tubular short columns restrained by steel tubes [ D]. Harbin:
Harbin Institute of Technology, 2018

[8] HAVLASEK P,SMILAUER V, DOHNALOVA L, et al. Shrinkage-
induced deformations and creep of structural concrete: l-year
measurements and numerical prediction [ J]. Cement and Concrete
Research,2021 ,144 . 106402

[9] AN G H,KIM J K. Relationship between the wide-flange steel and
the long-term deformation of steel-reinforced concrete columns
[C]// International Conference on Construction Materials and
Structures. [ S. 1. ] University of Johannesburg, 2014 ; 378

[10]ZHENG Zhihui ,HU Di, LIU Peng, et al. Considering the effect of
the randomness of concrete strength and relative humidity on
concrete creep [ J]. Structural Concrete, 2021, 22(S1) ;E916

(10 ] 0. A8 2SR 0 TR B - AL Sl R P RB ST [ D). WA R
MRIE T K%, 2018
LU Wei. Mechanical behavior of steel-tube-confined concrete-filled
steel tubular stubs under axial compression[ D]. Harbin; Harbin
Institute of Technology, 2018

[12]E3m iR Bk 1 ) 2 M eI 7 AR : GB/T 50081—2016 [ S ].
AT o E AR Tl A, 2016
Standard for test methods of mechanical properties of ordinary
concrete; GB/T 50081—2016[ S]. Beijing: China Architecture &
Building Press, 2016

(13 ] 4@ AP RHRL g 25 1 & 45: % g 77 ¥k GB/T 228.1 -
2010[S]. b o E STl At , 2010
Metallic materials—tensile testing—part 1: method of test at room
temperature ; GB/T 228.1—2010[ S]. Beijing; China Architecture
& Building Press, 2010

[ 14 ] i s IRBE L 3R RIAR OC R [ M. b st o R A 5Tl 0
At ,2004 :145
GUO Zhenhai. Strength and constitutive relationship of concrete
[M]. Beijing: China Architecture & Building Press, 2004 ;145

[ 151250, KA far A F T H04E 240 TR0 077 RS 068 i P S AR 8 P g
[D]. PRIREE: WG /REE LML R, 2019
LI Xiang. Creep behavior of axially loaded reinforced-concrete stub
columns constrained by steel tubes under sustained loading [ D ].
Harbin: Harbin Institute of Technology, 2019

[16 JGILBERT R I, RANZI G. Time-dependent behaviour of concrete
structures [ M]. London: CRC Press,2011:99

[17]CEB - FIP model code for concrete structures 2010 [ S ].

Lausanne; International Federation for Structural Concrete, 2010

[ 18 ] Prediction of creep, shrinkage and temperature effects in concrete
structures ;209R —92[ S]. Farmington Hills; ACI Committee,1992

[19 ] Eurocode 2 ; design of concrete structures [ S]. Brussels; European
Committee for Standardization ,2004

[20] Thitt. 2% el sl ) B0 TR B L R By MR S AR [ D . i
IR : W RV Tl K2, 2015
MA Di. Long-term static behaviour of concrete-filled steel tubes
influenced by temperatures [ D]. Harbin: Harbin Institute of Technology,
2015

[21 ] L. TR PRIE T IR EE L0l 5 e e i D WFFE [ D . Jbat: i1k
K=#,2013
GAO Yuan. Studies on shrinkage and shrinkage stresses of concrete
under dry-wet environment[ D]. Beijing: Tsinghua University, 2013

(22 ]800 BB TR BE L i AR M RE DR T [ D ] p AR - 74 Pl 2238 K
2#,2016
ZHAO Zhe. Study on shrinkage and creep of concrete filled steel
tube [ D]. Chengdu: Southwest Jiaotong University, 2016

[23 )0, X 3K, i bk, AR BB L Aol O A2 SR A R AR 3T B
5 BARARRERIXS AT [ T]. A RS 2013, 30(4) 146
ZHAO Jingang, ZHAO Renda, ZHAN Yulin. Comparative analysis
of creep calculation methods and creep models for axially
compressed CFST members [ J ]. Journal of Highway and
Transportation Research and Development, 2013, 30(4) ; 46

[24] oK BGE, TRIE K, 45, B8 IR BE il R A PR AR T A T
HOTERIFR )] ABEGERHE,2016,33(1) :57
WANG Yongbao, ZHAO Renda, XU Tengfei, et al. Study on
simplified creep calculation method of CFST members under axial
loading [ J]. Journal of Highway and Transportation Research and
Development, 2016,33(1); 57

(25 JsBARIE , X0 k. A< 30075 430 10 P X 681 499 78 YRR 5 s 25 Mg 11 g 2
RERMAMBTFEL )], LR TAR A4, 2002, 35(2) 8
HAN Linhai, LIU Wei. The effects of long-time loading on the
behavior of concrete-filled steel tubular member [ J]. China Civil
Engineering Journal, 2002, 35(2) :8

[ 26 ] BRFapk. SR EE AR R IR FE [ D ]. 7N IR, 2018
CHEN Songlin. Experimental study on shrinkage and creep of concrete

filled steel tube[ D]. Guangzhou: Guangzhou University, 2018

(g ARWE)



