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Experimental study on complete stress-strain curve of full-scale
specimen of confined recycled concrete under compression

Wu Chaoyao , Peng Youkai , Wu Hui
(Beijing Higher Institution Engineering Research Center of Civil Engineering Structure and Renewable Material,

Beijing University of Civil Engineering and Architecture, Beijing, 100044, P. R. China)

Abstract;: To study the complete stress-strain curve of stirrup confined recycled concrete under uniaxial
loading., we tested on nine circular column specimens of recycled concrete which have a diameter of 500 mm
and a height of 1 500 mm. In this test,we used a servo-hydraulic test machine with a capacity of 20 000 kN
for displacement and loading control. The main test parameters are longitudinal reinforcement ratio, the
spacing and diameter of stirrup, and applied strain rate. The results show that the spacing of stirrup and
stirrup ratio have great influence on the ductility of specimens. The peak stress of specimen increases 114 %
when the applied strain rate increases from 0. 000003/s to 0. 0033/s. The complete stress-strain curve of
recycled concrete is similar to that of normal concrete but the descending branch is stiffer than that of
normal concrete, which means that the recycled concrete is more brittle than normal concrete.
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Table 1 Mix proportion of recycled concrete kg s m™?
A K 7K U RIRA PN TAEHLE R K SRl
C40 178 341 508 700 508 114 3.3
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Table 2 Mechanical properties of reinforcement

LV B A% /mm fyv/MPa fu/MPa
HPB300 10 386 661
HPB300 12 429 639
HPB300 16 443 623
HRB400 16 496 694
HRB400 25 453 609
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Figure 1 Dimension of specimens
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Table 3 Parameters of specimens

e 95 Nl PHECA R A WARAIR fo/MPa RN ARER /s
5] 1 Cl HRB400-12-D16 0.012 3 R12-50 0.021 2 42.9 0.000 003
5] & C2 HRB400-12-D16 0.012 3 R12-50 0.021 2 39.5 0.003 3
& 7B C3 HRB400-12-D16 0.0123  RI12-100 0.010 1 37.4 0.003 3
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Y X i £l PMECH R M WHERHERE Sfo/MPa m#nN AR /s
5 J& C4 HRB400-12-D16 0.012 3 R10-100 0.007 3 40. 6 0.003 3
5] & C5 HRB400-12-D16 0.012 3 R10-30  0.024 3 43.3 0.003 3
7 % C6 HRB400-12-D16 0.012 3 R16-100  0.017 6 40. 6 0.003 3
& & C7 HRB400-11-D25 0.027 5 R12-50  0.021 2 45.6 0.003 3
5] & C8 HRB400-24-D16 0.024 6 R12-50  0.021 2 39.5 0.003 3
5 T C9 HRB400-36-D16 0.036 9 R12-50  0.021 2 45.6 0.003 3
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Figure 2 Test set-up
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Figure 3 Final failure of specimens
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Table 4 Experimental results of specimens

x4 AR BER

w U AF R 71 Wi AE AR AMRGEATNT e
%5 6./ MPa e L PR ec pLred
C1 51.0 0.003 9 0.019 7 1. 995
C2 58.1 0.004 3 0.019 5 1. 403
C3 49.0 0.002 5 0.016 5 1.674
C4 48. 4 0.002 9 0.014 9 1. 459
C5 55.5 0.004 8 0.019 8 1. 561
C6 55.1 0.002 9 0.013 8 1. 650
C7 62.5 0.003 3 0.017 7 1. 692
C8 63.2 0.004 4 0.013 7 1. 396
C9 69.7 0.003 7 0.014 9 1. 560
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Figure 4 Stress-strain curves of specimens
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Figure 5 Effects of different experimental parameters on stress-strain curves
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Figure 6 Comparison between stress-strain curve obtained by Mander model and experimental stress-strain curve

(1):13-27.
A
4 g:l%l: TE [ 2] Mander J B, Priestley M J N, Park R. Observed
T O AN A TR B E R 1l 2GR 50 i s;ress—strain 1behavior of confi:ed concrete[ J]. Journal
e . . of Structural Engineering. SCE, 1988, 114 (8):
b IR A5 R0 He M A R 458 . 18971849

D) FE S BE A5 5 AR TR A8 D0 T & 08 A O AR L g
TS B RE R A A

[ 3] Cusson D, Paultre P. High-strength concrete columns

confined by rectangular ties[ ]J]. Journal of Structural

2) A il i P A3 SR A )9 0 /A 3 A ) B2 i Engineering [J]. ASCE. 1994.120(3) ; 783-804.
%%lﬁ1¢ RO SE P [ 4] Li B, Park R, Tanaka H. Stress-Strain behavior of
DIEMEFET RSB R, T L B ER high-strength concrete confined by ultra-high-and
%}lﬂﬁﬁ: 1] m%{ﬁ@j] FIGE 4 normal-strength transverse reinforcements [ J]. ACI
4) 3 18 5% B Mander K278 75 4 fg 3836 28 5 52 Structural Journal,2001,98(3) :395-406.

W 128 EAT T L o 28 25 AR e A2 0L 40 F FFEE R R [ 5] Yan X, Hui W. Compressive behavior of concrete
. o -onfined by carbon fiber composite jackets[ J]. Journal
rL’ nﬁ A’B@mul £ L 2 ‘I > con
ﬁzﬁi?i;ii{i %;}fg;?jg}(%%ﬁ ik of Materials in Civil Engineering, ASCE, 2000,12(2) ;
Z & ’ j “tbf‘ [N )Jé M4 % o

139-146.
6] BRI BT B BN 2 5 9
SE 3 W R A S R OT]. ML L 2014,35(5)
[ 1] Scott B D, Park R , Priestley M J N. Stress-Strain 96-103.
behavior of concrete confined by overlapping hoops at Zhao Z Z. Zhang S A, He X G, et al. Stress-strain

low and high strain rates[J]. ACI Journal, 1982, 79 relationship of stirrup-confined high-strength concrete



L7]

[8]

L9]

[10]

[11]

[J]. Journal of Building Structural, 2014, 35(5): 96-
103. (in Chinese)

KA ZBIRE L EICIE 5. B B RT RO 52 06 1 4 4 29
HARBE N 1N AR A G RBEBIT]. @R AE 2R,
2015,36(8):99-107.

Song J, Li Z B, Wang Y Q, et al. Stress-Strain
constitutive model of concrete confined by hoops with
considering size effect [ J ]. Journal of Building
Structural,2015,36(8): 99-107. (in Chinese)

SO AT, B LS. C30 FRA IR AT 1 e K
Ji ) — R A% il 2K g BF ST [T ). IR EE . 2009 (12)
21-25.

Wu S H, Li X W, Xiao H,et al. Experimental research
on deformation properties and stress-strain curve of C30
recycled concrete[ J]. Concrete,2009, (12): 21-25. (in
Chinese)

EI A A T A R BE SR 52 R N ) — A A il
S g L) ] KMk B2 B o i, 2010, 16 (3)
175-178.

Wang X T, Yang D J. Experimental Investigation on
complete stress-strain curve of recycled concrete under
uniaxial [ J]. Journal of Tianjin Institute of Urban
Construction,2010,16(3): 175-178. (in Chinese)

Xiao J Z, Huang Y J. Yang J. et al. Mechanical
properties of confined recycled concrete under axial
compression[ J]. Construction and Building Materials,
2012, 26:591-603.

Zhao ] L, Yu T, Teng ] G, et al. Stress-strain

behavior of FRP-confined recycled aggregate concrete

[J]. Journal of Composites for Construction, ASCE,
2015, 19(3):1-11.

B 2R AR RGP 45, GFRP-FE AR IR -0 44y
Al SR i s w2 ()], R TR %4, 2014, 47
(2):21-27

Zeng L, Li L J, Chen G M,et al. Experimental study
on mechanical behavior of GFRP-recycled concrete-steel
tubular columns under axial compression[]J]. China
Civil Engineering Journal, 2014, 47 (2): 21-27. (in
Chinese)

A R TR B R F LA R R T A R B R
Fe kR i 56 F 58 [T . 8 50 45 4 == 4l 2015, 36 (6)
128-136

Niu H C, Cao W L, Dong H Y., et al. Experimental
research on high-strength recycled concrete-filled steel
tube columns subjected to axial compression [ ] ].
Journal of Building Structural, 2015, 36 (6): 128-136.
(in Chinese)

Mander ] B, Priestley M J N, Park R. Theoretical
stress-strain model for confined concrete[ J]. Journal of

Structural Engineering, ASCE, 1988, (8):1804-1826.

(15 SG 8 T i B8 [ vl e i 24 R TR B e 17 g — o 78 A

KRBRBERT L] T @ 5.1997.27(11) : 26-29.
Guan P, Wang Q X, Zhao G F. Study on the tests of
stress-strain relationship of confined high strength
concrete[ J|. Industrial Construction,1997,27(11): 26-
29. (in Chinese)

(% ¥ %)



