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| I | Tab.1 Design parameters of specimens

']_ _|] @ A T A A R BRI T4 i 4 R
i T BUARE r D/t Oa
CSJ1 0 113.0 5.5%
g & — - CSJ2 30% 113.0 5.5%
2 st ) ) oS 300 3. 5.5%
CSJ3 50% 113.0 5.5%
32?’ ) CSJ4 70% 113.0 5.5%
0 TR i B
L 4430 CSJ5 100% 113.0 5.5%
Y §T — §T CSJ6 100% 150. 7 5.5%
—=0 2-2
CSJ7 100% 75.3 5.5%
P RRILAR A R R CsI8 100% 113.0 4.5%
Fig. 1 Geometry size of specimens Cs19 100% 115. 0 6.5%
2 WAL T =P REE AR
Tab. 2 Mechanical properties of steel materials
oy § o E B A
—— BN e R e B B 5 L A
[y (MPa) f.(MPa) E,(MPa)
Y 262 315 2.00X10°
1Y
JE AR 307 437 1.99X10°
WA 336 458 1.97X10°
3 A IREE b MR A ) 2 M e dE A
Tab.3 Mix proportion and mechanical properties of recycled concrete
A A R KR H K i KRR PR R R 7K ST YURRRE MM
BARH r (kg/m*) (kg/m*) (kg/m*) (kg/m*) (kg/m*) freu (MPa) L. (MPa)
0 0.43 457 576 1171 0 195 45.0 2. 710X 10"
30% 0.43 457 576 819.5 351.3 195 44,7 2.705X10"
50% 0.43 457 576 585.5 585.5 195 44,1 2.696X10*
70% 0.43 457 576 351. 3 819.7 195 43.1 2.680X10*

100% 0.43 457 576 0 1171 195 41.3 2.652X10"
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Fig. 2 Test loading set-up and strain measuring point of specimens
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Fig. 4 Load-displacement curves of recycled concrete filled circular steel tube-profile steel short columns
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Tab.4 Values of parameters a and b of recycled concrete under different replacement rate

Stress-strain curve of steel

A MR
- 0 30% 50% 70% 100%
PG -
a 2,145 1. 481 1. 202 1. 056 1. 082
b 0.914 2.749 3.973 5.197 7.032
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Fig. 6 Mesh division of finite element model of recycled concrete filled circular steel tube-profile steel short columns

BB 32 TIPERE ™ A — R B . A FROT T b L BLZ 75 I8 IR B 25 T B LR m A R RN
B Ay 22 B AR B W R M 0T A R IC T3 45 SR A0 A8 05 W 2 1153 2R U2, ) i34 7T LA 42 5
BATHCR . H3Ah T HETC T BN SO 5 A IR BE 1 2 (] A B 45 1 R o b b 58— ARG AR
YOG Z PR AR A FRIT A BT b 25 B A8 R B4 5 7 A YR 5 A T ) ) B 45 1 RS A A — i IR . 25 b BT
i A TR VT3 A SO 7 [ A8 2R P A TR B b S AR A R TS Y I 5 PN 5 A TR O - A
[F1) F) 285 45 19 A% o B0 0 K B9 A8 15 P A TR B e 22 1) B SR T 00 0 240 SRS DL AR B A T 1) oy 36 3 48 3
T DA A% 33 28 AT I i LT
3.4 HRFHEMBAN

7 158 19 7 TR P A R O b A Tl T a6 o, SRy DR IE Rl 1) Ay 2 RE 0 2 A0 0 L A AT b S e AT
30mm JEHH, TR ik 5 ALt i4 ik 1) ) 3 Ao 0 1 g e A% 3k B0 . A BR ST AU ep 0 AR T s At i B
REVBSE e 24 SR Ay (5 2l 1] i 480 000 o0, T v R ST B A S S IR 2 R] ST IR 2
o B e i 2 LA Hh ) O 2 I T 275 A5 DL ORI Al 1) £ R AR 6% X 50 A% 0 AT b . AR SCE
Ak AR R IR AT

4 BERERRNBAERETEHHEYERARTHTEERSH

4.1 BNERE NN
e e A PR TTAR DL AR T A ) AR T 1 RO ) A s P S T A R Y B2 ) AR T S AR O A
AL A SRR CSTS 1A 04 88 (AR T RN g A8 93 A1 2 B A i ik A5 B B, T8l 7~ 181 10 frows

+3,363e+02 +3.797e402
+3,363e+02 +3,766e+02
+3.362e+02 +3.736e+02
+3,362e+02 +3.706e+02
+3,362e+02 13.675e+02
+3,362e+02 +3.64%+02
+3.362e+02 +3.615e402
+3.362e+02 +3,585+02
+3,361e+02 +3.554e+02
+3.361e402 +3.524e+02
13.361e+02 +3.494402
+3.361e+02 +3.463e402
+3.361e402 +3.4330402
(a) HAT5 i 2 (b) T h
(85Ut fof 41) (AR AT 50
Bl 7 A CSJ5 R AR ARTE LA |5 8  CSI5 M N ) =
Fig. 7 Comparison on deformation Fig. 8 Steel tube stress nephogram
of CSJ5 specimen of CSJ5 specimen

H T 7 AR A7 FROTASE AU A 3l B R T 5 a8 4 AR TP A7 7 — 19 DO A BR TT AR UL Hp a1 v
PN R TR N 2o | P2 s G A A R S o B o - o i s R s e i S B 1 S S A = G E R
R BRI A . SR LR A BRITAR DL R AR S e T %R T Bl ) o 4T B AT R

HIIED 7~ & 10 AT A1, 76 Jin 40 300, A Ak 59k 52 7 I B, 07 A% 66 ey 28 14 19 im0z ) S 2 Ak A A s Bl



5 6 ]

THWESE [ A8 B AN AR R B R A 0 2 TR R B AT R T A A

AR 430 YT R A 2% B 93 L 8 T R H v A R R AR 4 T 8 R T (E I B R R RS T R B

+2.8468402
+2.783402
- 427206402
- 1266762
125032
o +2.530e402
= +2,467e402
B 424040402
B 234162

+2.277e+02
+2.2148402
+2.1516+02
+2,088e+02

(a) BYH i TR
(75% AR fif 3)

+3.384e+02
+3.33%+02
+3.294e+402
+3.250e+02
+3.205e+02
— +3.161e+02
—+ +3,116e+02
+3.071e+02
+3.027e+02
+2.982e+02
+2.938e+02
+2.893e+02
+2.848e+02
(b) N1

(A7 4%)

K9 CSI5 R T = 5]
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Fig. 10 Recycled concrete stress nephogram
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Tab.5 Comparison on finite element calculation values and experimental values of axial bearing capacity of short columns

W5 PHEE NN WEH N(kND xR 22 (%)
CsJ1 2807. 90 2727. 21 3.0
CSJ2 2757. 96 2641. 51 4.4
CSJ3 2674, 14 2613. 54 2.3
CSJ4 2669. 37 2563. 46 4.1
CSJ5 2593.99 2412. 67 7.5
CSJ6 2423, 27 2230. 34 8.7
CsJ7 2799. 01 2983. 50 6.2
CsJ8 2484, 03 2281.01 8.9
CSJ9 2714. 35 2525. 02 7.5
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Fig. 11 Comparison of axial load-strain curves of recycled concrete filled circular steel tube-profile steel short columns
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Fig. 13 Load-strain curves of finite element parameter expansion analysis on short columns
6 RS RN EAEREE LA A RS S HY RN A SR

Tab. 6 Calculation result of finite element parameter expansion analysis on columns

A AR 1 W R LIS

iR i SRR i i i i N(kN)
CSJ-5-1 €30 Q235 Q235 2275.23
CSJ-5-2 C40 Q235 Q235 2583. 99
CSJ-5-3 C50 Q235 Q235 2821.06
CSJ-5-4 C40 Q345 Q235 2644, 07
CSJ-5-5 C40 Q390 Q235 2735. 14
CSJ-5-6 C40 Q235 Q345 2630. 89
CSJ-5-7 C40 Q235 Q390 2863. 75
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Experimental Study and Finite Element Analysis of
Axial Compression Behavior of Circular Tube Steel
Reinforced Recycled Concrete Short Column

MA Hui, SUN Shu-wei, LIU Yun-he, MAO Zhao-wei, DONG Jing

(School of Civil Engineering and Architecture, Xi'an University of Technology, Xi'an 710048, Shaanxi, China)

Abstract; In order to study the axial compression performance of circular tube steel reinforced recycled
concrete short column, 9 short column specimens were designed for compression experiment. The
failure pattern and influence of design parameters on axial compression performance of composite short
column are analyzed. Experimental results indicate that the failure pattern of short column is steel
tube yields first and then steel tube external surface bulges outwards. In addition, shear failure and
crush failure are the main failure patterns of core recycled concrete. The axial compression bearing
capacity of short column decreases with the increase of recycled coarse aggregate replacement ratio,
while short column still exhibits good deformation ability. Increasing tube wall thickness and the steel
ratio of section steel is beneficial to axial compression performance of short column. Finite element
analysis of short column axial compression performance was carried out by using ABAQUS software;
short column overall deformation, its stress nephogram and axial load-strain curve were obtained and
compared with experimental results. Results show that finite element simulation results are in good
agreement with experimental results. On this basis, parameters of short column axial compression
performance were also analyzed. Analytical results show that short column axial bearing capacity
increases with the increase of recycled concrete strength, but the deformation decreases a little. With
the increase of steel tube strength and section steel strength, short column axial bearing capacity
increases and its deformation varies little. Above conclusions can be helpful for the engineering
application of circular tube steel reinforced recycled concrete short column.

Keywords: circular tube steel reinforced recycled concrete; short column; axial compression behavior;

nonlinear; finite element analysis



