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Tab.1 Design parameters of specimens

A & H fAEER FAREE L AU CFRP i 43 KAt TFH

i /mm PR v/ % H BLAN K of % JZEH n RS
CSRRC-1 500 0 C40 4.78 2 9.6 145
CSRRC-2 500 50 C40 4.78 2 9.6 14 %=
CSRRC-3 500 100 C40 4.78 2 9.6 14 %
CSRRC-4 500 100 C40 4. 02 2 9.6 12 %5
CSRRC-5 500 100 C40 5. 80 2 9.6 16 =
CSRRC-6 500 100 C50 4.78 2 9.6 14 5
CSRRC-7 500 100 C60 4.78 2 9.6 14 %%
CSRRC-8 500 100 C40 4.78 1 9.6 14 %
CSRRC-9 500 100 C40 4.78 3 9.6 14 5
CSRRC-10 1000 100 C40 4.78 2 19.2 14 5
CSRRC-11 2000 100 C40 4.78 2 38.5 14 5
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Tab. 2 I-steel specification sheet

= & E h/mm B b/mm WM E B d/mm A S/em’
12 5 T54) 120 74 5.0 17.8
14 5 T4 140 80 5.5 21.5
16 5 T4 160 88 6.0 26. 1
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Fig. 1 Section form and size of the specimens tested (unit: mm) Fig. 2 Test loading devices
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Tab. 3 Mechanical performance indexes of steel

T =g i 4 ) =R 2o
—— Jit iR i i i R 5 B2 LT A Jati Ik )i 7

f,/MPa f./MPa I,/ MPa e/ pe

2% 294. 6 367.1 2.04X10° 1444

14 5 T5FH

JiE A 374.7 467.6 2.01x10° 1864

2Nt HRB400 579.6 794 2.16x10° 2683

5 17 HRB400 459.3 645 2.10X10° 2187

F A BREFHEAT AR AR S A AR bR
Tab.4 Physical parameters of carbon fiber cloth

BRET YA Ui s B Z 0 i THA 5 B BAL{ TE TR
iR FRUEME f./MPa  #it E./MPa /% t/mm Ji i g/m’

FRS-CS-300 3565. 2 2.4X10° 1.7 0.167 299.1

F 5 FAIREE L RPUR R

Tab.5 Mix proportion and cubic compressive strength of recycled concrete

ma TEM H (TR Bt/ kg /m) IR
- HRE KR PUER
REE L e . | F R A e - Hitk E.
=R 7Ky w 7] ARy T 7K F 5 J e
L K e vy BLE R R K IR JkK T /% 10* MPa
/Y /MPa
0 0.411 443 576 171 0 182.1 0 1.75  48.01  2.790
C40 50 0.476 443 576  585.5  585.5  210.9 0 1.75  45.69  2.756
100 0.512 443 576 0 1171 226.8 0 1.75  43.01 2,681
€50 100 0.360 358 649 0 1138 163.0 94 4,782  55.6 2.904

C60 100 0.312 422 528 0 1072 164.5 105. 4 6.3 61.20 3.025
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Fig. 3 Typical stress-strain curves of FRP confined concrete
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Fig. 7 Stress nephogram of components in composite columns
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Fig. 8 Load displacement comparison diagram of composite columns
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Tab. 6 Comparison of bearing capacity test value and calculated value of composite columns

o JE A AR AT AR RGO VAT RO R DO e R AR X

= i N,./kN f& N../kN fE N,./kN fA N../kN mE &/ % mE&/%
CSRRC-1 2800. 28 2998. 24 2908. 94 3164. 31 3.89 5. 54
CSRRC-2 2400. 01 2889. 72 2558.12 3109. 37 6.59 7.60
CSRRC-3 2488. 74 2806. 62 2525.23 3003.9 7.78 7.03
CSRRC-4 2231. 38 2610. 40 2272.8 2701. 34 1. 86 3.48
CSRRC-5 2653. 80 2997. 90 2721. 47 3110. 46 2.55 3.75
CSRRC-6 3243.91 2944, 22 3102. 65 3149. 65 4.55 7.00
CSRRC-7 3345. 68 3351.43 3547.02 3605. 22 6.02 7.60
CSRRC-8 2322.02 2328.79 2457.57 2450. 89 5. 84 5.20
CSRRC-9 2975. 31 3445. 14 2953. 18 3622. 50 0.74 9. 30
CSRRC-10 2600. 71 2719. 59 2450. 00 2513. 18 6.15 8.21
CSRRC-11 2541. 37 2571. 25 2511.704 2406.951 1.18 6. 80
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Fig. 9 Effect of design parameters on load-displacement curves of eccentrically loaded composite columns
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4 HEHENEENITESIE
Ay ELAT 19 98 45080 15 030 9 LU ) R B R SOH Gholampour %504 th 1 T8 24 R 56 o 38 i 5
R AE] CFRP 250 IR 40 FE SR E 3T 57880 2 b, ol T CFRP. R LA J% B9 B 42 0 0 7 1R

5 e AT 7 A 2 TR 8 ) B B0 o DR IHG A SCOGF 2 6 A AT R 3 24 SR DX R A TR O L R AR LA R
B AR A AR STRREEAT B b, P AR TR BE PR 9 BT A

][/Lr B Zid ]d[)7 (ﬂ\ 0.81 o 2([)+ h) n.\-txf‘frp
ﬂ,*1+“h f%[b =T (1D
= 19.10.998 X/(Ic%ff/c+ 0.33) L C—= 0.8+ A (e)? — Be. 15)
Werf/ €

K .n CFRP 28 ¢, CFRP HLZJEEE; £, 8 CERP Huhvi s B 5 d b 56 T8 A0 B A 242 r 2R
'%'*’I‘Hl’f_hﬁ H wuf_f/c ?‘77J(7'/_‘(H30
T Chen SFM 4 1) 20 40 24 SROTRLBE AR, A SCEH 4 R 17 46T 240 AR DX B R0 40 P 10 o

\

- B
FLH X —
A X 7 =
2 X
y; m P Ey
@ @
N
b
e .

Bl 10 CFRP 24 o 49 14 A= H i 48 1h7 249 5 X
Fig. 10 Confined area of recycled concrete section with CFRP confined steel
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Ay = lm—28, —A.. S =$(1—2U)2 (18)

T Ay Ry SR 2 BRI I 5 AL SRy TR AR A T T 5 ¢ R TR A R
e AN B S R 2 L A2 B DR A A Rl R 3R T T R R R R
N, =0.90( fLA,+ fA A+ fulu+ foAo+ faAu) (19)
¢ =0.994 —0.3589+0. 1637 (20)
o £ £ RN A SR R T fos fo s fo AR ZYHRIX EB 4329 3 XL 58 29 38 X TR B 4 471 1 o
s fo= fus fa=1.1F0 s Ay AN BIER GNH A9 B IR T8 A5 A Ay s A IR RIX B4 93X 5 2 31
DX TR 4 10 R s @ A Al Hl s i R A, Horf 9=10. 003 X (L/D)

CFRP 20 P A TR B+ 41 A Al R R 8 A B S A X e W6 7., & 7 al L i
0358 5 3 56 (R AR R R 22 85 /N IR 25 BI{E M 0. 045,77 224 0. 002, W 2R FH Y 3R X051 73 7 1 45
B NG A BN CERP 2 o B4R A TR B+ 4 & A il R BT A ey A 3L
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Tab.7 Test value and formula calculation value of composite column

KRS RACWMESH /% A o/ % n A NJKN REEfE N/KN  N.J/N,

CSRRC-1 C40 0 9.6 4.78 2 2910. 22 2998. 24 0.97
CSRRC-2 C40 50 9.6 4.78 2 2850. 00 2889.72 0.98
CSRRC-3 C40 100 9.6 4.78 2 2690. 89 2806. 62 0. 96
CSRRC-4 C40 100 9.6 4.02 2 2624.13 2610. 40 1.01
CSRRC-5 C40 100 9.6 5. 80 2 2721. 20 2997. 90 0.91
CSRRC-6 C50 100 9.6 4.78 2 2806. 36 2944, 22 0. 95
CSRRC-7 C60 100 9.6 4.78 2 3152. 31 3351.43 0. 94
CSRRC-8 C40 100 9.6 4.78 1 2467. 14 2328.79 1. 06
CSRRC-9 C40 100 9.6 4.78 3 3035. 58 3445, 14 0. 88
CSRRC-10 C40 100 19.2 4.78 2 2582.12 2719.59 0. 95
CSRRC-11 C40 100 38.5 4.78 2 2447. 27 2571. 25 0. 94
5 Z5ig

(1) CFRP £ 5 84K T A= TR B+ 20 6 AT Pl BC(E A 10040 B 45 380 19 07 7 28 Ak B 5 3 560 i R R AF AR
B BRI AE 5 1T SRR A AH 25 R, AT UE T A PR TR T i & B

(2) e AT 2R AE R L 40 A HE v A A TR = R A WM AR T, B 5 A AR LB A AH 4 e Bl CFRP 1Y 24
SR FH R T P TR R T A M R R B CFRP 3 S B 7 28 i 1 T 177 3 B2 A R 2E IR

(3) LF4EAn B2 A A RO8GE T A HE MR 80 5 38 A B T8 CERP 29 AR AT i il 1 0 22
2 R AT R A TR R AR T 2 A AL AR R R R 2 5200 i 3 2 A LA 4
AT 20 A A B AR 3R T B /N L R A I AL 2 2 CFRP M i, B & K 40 H 38 K, CFRP K A4
XoF P A TR O - 1 2 SRR O R T TG 1 T 2R A R I R 2R RE T B b R 2R T B R R I 2o
19.8%.,

(4) 42 1 P A TR BT 1 o 3l A5 25 A P A ) i R R 24 10 00 o {0 S e 0 T AR AU 5 P2 KL B e IBAR
R BN T A B R R 3R ) 3 T BRI K B ) B KRR 13005 53 A O BE B AH W) AT, R
FERERE N 50mm, #4) 447R 80738 K 2 30 %,

(5) R BN H CFRP 29 o ALK B A TR B ARl R 3 AU R R4 R 50 25 R 17



]

wl

ﬁ/i'.;

4% . CERP 2058 B 40 P AR VR BE 20 A A b e M R AT FROC AR Ze v 43 #r 699

X e BRI A A TR ST R AR ) B R

S % Uk -

(1]

(2]

[3]

[4]

[5]

L6]

L7]

£8]

L9]

[10]

(11]

(12]

[13]

[14]

MO, AR, BHL AR R A b HOR WS e b g R S AR LT, WREE £, 2003(10):17 —20, 57 (XIAO
Jianzhuang, LI Jiabin, LAN Yang. Research on recycled aggregate concrete-A review[ J]. Concrete, 2003(10):17
—20 (in Chinese))

BEAERH . A TOE, BRaF, 4. BRI RS LA A MR AT S L], B4, 2013, 43(7):73—76
(XUE Jianyang, CUI Weiguang, CHEN Zongping, et al. Experimental study on axial compression behavior of
steel reinforced recycled aggregate concrete composite columns[ J]. Journal of Building Structure, 2013, 43(7):73
—76 (in Chinese)

o, SRS, o d%. . GERP BN AR EE T2 & A Bl v AE ROR BT ]. S8 J14%, 2019, 34(3):
467— 477 (MA Hui, ZHANG Peng, LI Jiaxin, et al. Axial compression performance and bearing capacity
calculation of GFRP tube filled with steel-reinforced recycled concrete composite column [[J]. Journal of
Experimental Mechanics, 2019, 34(3):467—477 (in Chinese))

Teng ] G, Asce M, Zhao J L., et al. Behavior of FRP-confined compound concrete containing recycled concrete
lumps[J]. Journal of Composite s for Construction, 2016, 20(1):1—13.

Huang L, Yu T, Zhang S S, et al. FRP-confined concrete-encased cross section steel columns: concept and
behaviour[ J]. Engineering Structures, 2017, 152(12):348—358.

W, CFRP 23 B0 P AE R B A R ) 22 PERB R SE (D], VU % V% T K%, 2020 (HUANG Cheng.
Study on the behavior of CFRP confined steel reinforced recycled concrete column under axial compression[ DJ.
Xi'an: Xi'an University of Technology, 2020 (in Chinese))

e AR SR K T R R R, T E E R AR I G 4. IR AR A R . GB/T 25177—2010
[S]. dbat . s E AR UE S AL, 2010 (General Administration of Quality Supervision, Inspection and Quarantine of
the People's Republic of China. Standardization Administration of China. Recycled coarse aggregate for concrete:
GB/T 25177—2010[S]. Beijing: Standards Press of China, 2010 (in Chinese))

Lam L, Teng ] G. Design-oriented stress-strain model for FRP- confined concrete in rectangular columns[]].
Construction and Building Materials, 2009, 17(6) :471—489.

TIE. 02 FRP Z00R B+ A9 0 Ji-0 A8 R AFSE LT ]. Tl #48, 2001, 31(4):5—8 (YU Qing. Stress-
strain relationship of FRP confined concrete subjected to axial compression[J]. Journal of Industrial Construction,
2001, 31(4):5—8 (in Chinese))

A AR R . TR B 45 R BT RLYE (GB 50010 —2002) M. bt B AT Tl AR AL, 2002
(Ministry of Construction of the People’s Republic of China. Code for design of concrete structures(GB 50010 —
2002)[M]. Beijing: China Construction Industry Press, 2002 (in Chinese))

Gholampour A, Gandomi A H, Ozbakkaloglu T. New formulations for mechanical properties of recycled aggregate
concrete using gene expression programming[ J]. Construction and Building Materials, 2017, 130(3):122—145.
XU BB TR B 1 R B 32 FE A A TAEMLBERF SR [ D], #8 I . #8JH K22, 2005 (LIU Wei. Research on mechanism of
concrete-filled steel tube subjected local compression[ D]. Fuzhou: Fuzhou Universty, 2005 (in Chinese))
Mirmiran A, Shahawy M, Samaan M, et al. Effect of column parameters on FRP-confined concrete[ J . Journal of
Composites for Construction, 1998, 2(4):175—185.

Chen C C, Lin N ]J. Analytical model for predicting axial capacity and behavior of concrete encased steel composite

stub columns[J]. Journal of Constructional Steel Research, 2006, 62(5):424—433.



700 S B (2022 4E) 45 37 4

Finite element analysis on axial compression behavior of CFRP
confined steel reinforced recycled concrete composite columns

MA Hui', YANG Fanting’, HUANG Cheng', A Xin®**
(1. State Key Laboratory of ECO-Hydraulics in Northwest Arid Region of China, Xi'an University of Technology, Xi'an 710048,
Shaanxi, China; 2. Henan Urban Planning Instituteand Corporation, Zhengzhou 450044, Henan, China; 3. Qinghai Building and
Materials Research Co. , Ltd. , Xining 810008, Qinghai, China; 4. Qinghai Provincial Key Laboratory of Plateau Green Building and Eco-
community, Xining 810008, Qinghai, China)

Abstract: Based on the axial compression test of carbon fiber reinforced polymer (CFRP) confined
steel reinforced recycled concrete composite columns (CSRRC), the nonlinear analysis of composite
columns was carried out by using ABAQUS software. Considering the effects of fiber cloth layers,
recycled coarse aggregate (RCA) replacement rates, the compressive strength of recycled aggregate
concrete, steel ratio and slenderness ratio on the axial compression performance of composite
columns, the deformation diagram, stress nephogram and load-displacement curve of the composite
column were obtained. The calculated results were in perfect accord withthe experimental results,
which verified the rationality of the numerical model, and the parameter expansion analysis of the
composite column was carried out. The results show that the recycled concrete deforms first, then the
section steel and longitudinal reinforcement yield successively., and finally the CFRP reached the
ultimate tensile strength, and the calculation was terminated. The increase of the replacement rate of
RAC has an adverse effect on the mechanical performance of members. With the increase of recycled
concrete strength, the bearing capacity of members increases greatly, but the ductility becomes
worse. The number of fiber cloth layers has a significant effect on the bearing capacity and
deformation capacity of composite columns, and the maximum increase of axial bearing capacity is
55.2%. The increase of slenderness ratio has an adverse effect on the axial compression performance
of composite columns. Based on the superposition principle, the calculation formula of axial
compressive bearing capacity of CSRRC is proposed. The research conclusion provides a technical
reference for the application of CSRRC.

Keywords: carbon fiber; steel reinforced recycled concrete; composite columns; axial compression

behavior; finite element analysis



