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Nonlinear analysis of axial compression performance of RAC-filled circular steel tube
and profile steel composite columns based on OpenSees
WANG Defa, MENG Zexiang, MA Hui, GUO Tingting
(School of Civil Engineering and Architecture, Xi’an University of Technology. Xi’an 710048, China)

Abstract: The OpenSees finite element software is used to numerically simulate the axial compres-
sion test of 11 recycled aggregate concrete(RAC) filled circular steel tube and profile steel com-
posite columns. The fiber model based on the flexibility method is used to mesh the combined
column sections according to different material properties. The element type selects the non-line-
ar beam-column element in the rod element, and compares the calculated load-displacement curve
with the test results. On this basis, the effects of recycled aggregate replacement rate, diameter-
thickness ratio of circular steel tube, profile steel ratio and slenderness ratio on the bearing capac-
ity of the combined columns were analyzed. The results show that diameter-thickness ratio of cir-
cular steel tube, profile steel ratio and slenderness ratio have significant influence on the bearing
capacity of composite columns. The recycled aggregate replacement rate has little effect on the
bearing capacity of composite columns. The relative error rate of finite element calculation bear-
ing capacity is less than 10%, and it has a high calculation accuracy.
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Tab.1 Test parameters

HEMH FHARERE K FE JRE IR RN R
w5 MRF/U WL/ t/mm WD/t Ra/%
CSJ1 0 10. 62 2.0 113.0 5.5
CSJ2 30 10. 62 2.0 113.0 5.5
CSJ3 50 10. 62 2.0 113.0 5.5
CSJ4 70 10. 62 2.0 113.0 5.5
CSJ5 100 10. 62 2.0 113.0 5.5
CSJ6 100 10. 62 1.5 150.7 5.5
CSJ7 100 10. 62 3.0 75.3 5.5
CSJ8 100 10. 62 2.0 113.0 4.5
CSJ9 100 10. 62 2.0 113.0 6.5
CSJ10 100 21.24 2.0 113.0 5.5
CSJ11 100 31. 86 2.0 113.0 5.5
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Tab. 2 Mechanical properties of recycled concrete

PSR S IR BUE SR HLoPUESR SRR
RE /%  E [/ MPa FZ fe/MPa E../MPa
0 45.0 34.2 2.71X10*
30 44,7 34.0 2.71X10*
50 44,1 33.95 2.70X10*
70 43.1 32.8 2.68x10"
100 41.3 31.4 2.65X10"

£ 3O ERE RS bR

Tab. 3 Mechanical properties of steel
W AF JEMREREE O WRPRSRE sMEALE RN
HR fyv/MPa fu/MPa E./MPa  75/ue
[5d] 5 45 262 315 2.00 X 10° 1 309.3
R4 1 A 307 437 1.99 X 10° 1 545.5

T 38 2% 336 458 1.97 X 10° 1 702.6
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Fig. 6 Comparison between calculation results and test results



92 VU225 TR 232 4R (20200 45 36 45 1 1

4 AN A B AN AR TR BE T S AR A BR R 2R
JREAE 5 A BRITIHH AR . H AR R 2
JIW A 5 RS (R A X R 25 AN T 1000, 15
(LA {6 W) & 84 9E — 26 U B A ] OpenSees
A X i R 2H A A AT B ORS FE

4 REME ST E AR AT X

Tab.4 Comparison of ultimate bearing capacity

between test value and calculation value

fENs I H/ THHEAE/ AH R 1R 2/
R kN kN %
CSJ1 2727.21 2 825. 04 3.959
CSJ2 2 641,51 2 771.85 4.93
CSJ3 2 613.54 2 746,50 5.09
CSJ4 2 563. 46 2 705.72 5.55
CsJ5 2 412. 67 2 549. 26 5.66
CSJ6 2 230. 34 2 386. 89 7.02
CsJ7 2 983.50 2 826. 80 5.25
CsJ8 2 281.01 2 416. 94 5.96
CSJ9 2 525.02 2 639.03 4.52
CSJ10 2 313.40 2 507.32 8. 38
CSJ11 2 104. 80 2 341. 88 11. 26

4 SHYT RN

4.1 BEEBERAKZE

UntEL 7 F s AP 0 G A7 2 3 P 2R A R
PR B i T ARG, 22 PR O 320 LA R A 2R 7
R 2 e A e Y SR AR AR A il 52
HORE T 22 W] 2T B 5 LAk L BB A B RO R
P AR ARG X 2 7 WA B A 20 A 280 60 3% il )
TRy U 33 TR D SR SR R B M IR AR
P AR R BB a0 P P AR R R ) A A 2 Y (]
B, A A HOFC 3 A g 9 A A M A

3000
2500}
2000}
z
< 15001
—— CSJ1-0%
1000 - CSJ2-30%
—— CSI3-50%
500 - CSJ4-70%
- CSJ5-100%
0 1 1 1 1 1 J

0 5 10 15 20 25 30
A/mm

L7 RO A 28— % 11 2R 11 52 il
Fig. 7 Effect of recycled aggregate replacement rate on

bearing capacity of specimens
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Fig. 9 Effect of diameter-thickness ratio of circular steel

tube on bearing capacity of specimens
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on bearing capacity
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Fig. 13 Effect of slenderness ratio on bearing capacity
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