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Experimental study on bond-slip behavior between steel bars and recycled concrete

DONG Hongying,SUN Wenjuan,CAO Wanlin,ZHAO Hongfei

(Key Laboratory of Urban Security and Disaster Engineering ( Beijing University of Technology) ,
Ministry of Education, Beijing 100124, China)

Abstract; To investigate the bond behavior and constitutive relationship at the interface between steel bars and
recycled concrete, 15 beam-type specimens were designed to test the bond-slip behavior of reinforced recycled
concrete. The design parameters included recycled coarse aggregate substitution, recycled fine aggregate
substitution, steel bar shape, steel bar diameter and anchorage length. The influence of the above variables on the
load-slip curves, bond strength and bond efficiency coefficient between steel bars and recycled concrete was
analyzed synthetically, and the bond-slip constitutive relationship was proposed. The results show that: with the
increase of recycled coarse aggregate replacement ratio, the bond strength between steel bars and concrete
decreases; however, the anti-slid ability increases. The recycled fine aggregate addition makes the bond behavior
become weaker significantly. The bond strength between deformed bars and recycled concrete is about 2 times of
that between plain bars and recycled concrete. The interfacial bond behavior of reinforced recycled concrete
becomes poorer with the increase of steel bar diameter and anchorage length. The proposed bond-slip constitutive
relationship and parameters of reinforced recycled concrete fit the experimental results well.
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Tab.1 Basic properties of aggregate

4 2% il I35 B / SR Ay
— LR, RE S JEfi gl
-3 L ol =Py
mm (kg+-m™) BhR/ % /%

FARA T B 5-25 2 760.23 9.70 0.40
PN/ EEgE 0.16-5 2 670.02 7.32 1.50
A ML R 5-25 2 575.49 13.10 2.25
AR 2R 0.16-5 2 455.02 11.32 3.50

*2 BRIESEL

Tab.2 Mix proportion of concrete

MR/ (kg - m™)

HE (kg - m™)

BOEFDHY (k- m) SRS S/

K p/ % pi/ %
A FEA S RR® AR K IR 7k kg MPa
0 0 879 0 879 0 271 90 90 190 42.96
33 0 589 290 879 0 271 90 90 190 41.38
50 0 439 439 879 0 271 90 90 190 41.18
66 0 299 580 879 0 271 90 90 190 41.54
042 100 0 0 879 879 0 271 90 90 190 32.61
66 50 299 580 439 439 271 90 90 190 34.06
100 50 0 879 439 439 271 90 90 190 31.41
100 100 0 879 0 879 271 90 90 190 29.37

TE:p, AR BHRACER o A ERHRACR f,, S S T (AT R .

B RE RGN0 32 T B A PR R — i
& HRB400 1Y 88 808 i ( B 42 43 5 10, 14,
20 mm) , 75—l HPB300 16 5 4K 7 ( BLA% 53 )
10,20 mm ). 4 7 2% il HPB300, 42N 6 mm, [H]
P 80 mm. 27 7 >K ] HRB400, Ei42 K 12 mm. 52
(R ER A7 ) 27 1 e L3R 3.
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Tab.3 Mechanical properties of steel bars

o W AR e HGe e 3 WRRREE
G Y]
d/mm f,/MPa Jo/MPa 5/ %
10 516 762 18.2
HRB400 14 495 737 28.9
20 498 638 19.4
10 328 471 36.9
HPB300
20 324 470 37.3
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Tab.4 Parameters of specimens

Y5 R R p./% pi/ % d/mm 1,1/ mm L,/ mm 2 A
1 B0/0-R20 0 0 20 200 400 WRSCH A
2 B33/0-R10 33 0 10 100 200 WA
3 B50/0-R20 50 0 20 200 400 LN
4 B66/0-R10 66 0 10 100 200 WAL AT
5 B66/0-R14 66 0 14 140 280 WRSCH A
6 B66/0-R20 66 0 20 200 400 WAL
7 B66/50-R20 66 50 20 200 400 WAL A
8 B100/0-R20 100 0 20 200 400 LBy
9 B100/50-R20 100 50 20 200 400 LB LN
10 B100/100-R10 100 100 10 100 200 WAL A
11 B100/100-R14 100 100 14 140 280 YRS A
12 B100/100-R20 100 100 20 200 400 WS
13 B50/0-P20 50 0 20 200 400 IR B
14 B66/0-P10 66 0 10 100 200 15 B
15 B66/0-P20 66 0 20 200 400 SR AT

T 2 1y ey 6 T — Ol R B 1 AR T — 0 4 B
seames 1]_mis 230 RIS s 55 BLIIET I 00 B2 7
- ] " ER U= Ny 37 NE R R A o) S e
W I | 7| 28] i T %fu%ﬁ%
= e - Q& j SMLRE gy
PVCEH IR
q|' 200 J{ 500 quOO‘!' 500 ‘!' 200 4\' m

1-1

E1 R{R~ REHE(mm)
Dimensions and reinforcement of specimens ( mm)
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Fig.2 Stereogram of specimens
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Fig.5 Failure modes of specimens
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Fig.6  Typical curves of P-S
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Tab.5 The damage mode and bond-slip characteristic values of beams
PP BRI A Ju/MPa  F/kN  P/KN  ¢/MPa 7,/MPa  7,/MPa B, B Bs
B0/0-R20-10d BRI IR 42.96 239.55  191.42 — 15.24 8.52 0.35 1.79 1.52
B0/0-R20-20d EOA R A7 42.96 303.54  242.55 9.66 — — — — 0.48
B33/0-R10-10d TR 41.38 90.86 70.98  22.61 — — — — 2.26
B50/0-R20-10d BESLHR R 41.18 211.25  168.80 — 13.44 7.89 0.33 1.70 1.34
B50/0-R20-20d EALY 3N 41.18 288.83  230.80 9.19 — — — 0.46
B66/0-R10-10d EVARTE 41.54 86.28 67.41  21.47 — — — 2.15
B66/0-R14-10d EVARTE 41.54 159.58  125.80  20.44 — — — 2.04
B66/0-R20-10d BEZLPR IR 41.54 211.82 169.26 — 13.48 8.10 0.32 1.66 1.35
B66/0-R20-20d EOALR 37 41.54 302.02  241.34 9.61 — — — — 0.48
B66/50-R20~10d BY 4R H R 34.06 164.80  131.69 — 10.49 6.01 0.31 1.75 1.05
B66/50-R20-20d EDA[E A7 34.06 281.71  225.11 8.96 — — — — 0.45
B100/0-R20-10d B 24P IR 32.61 187.39 149.74 — 11.92 9.13 0.37 1.31 1.19
B100/0-R20-20d EVA RS 32.61 306.28  244.74 9.74 — — — — 0.49
B100/50-R20-10d BESLR R 31.41 151.64  121.17 — 9.65 5.71 0.31 1.69 0.96
B100/50-R20-20d EOALR 37 31.41 321.92 257.24  10.24 — — — — 0.51
B100/100-R10-10d BE 24P IR 29.37 67.05 52.38 — 16.68 12.35 0.57 1.35 1.67
B100/100-R14-10d BEZUR R 29.37 98.98 78.03 — 12.68 8.53 0.43 1.49 1.27
B100/100-R14-20d EOAE R 27 29.37 158.94 12529  20.36 — — — — 1.02
B100/100-R20-10d BESLHR R 29.37 117.62 93.99 — 7.48 3.80 0.25 1.97 0.75
B100/100-R20-20d BYSUHR R 29.37 290.64  232.24 — 9.25 5.61 0.31 1.65 0.46
B50/0-P20-10d I BIR 41.18 104.03 83.13 — 6.62 4.80 0.16 1.38 0.66
B50/0-P20-20d LA 27N 41.18 134.02  107.10 — 4.26 4.20 0.10 1.01 0.21
B66/0-P10-10d ELEa L7 41.54 38.30 29.92 — 9.53 4.57 0.23 2.09 0.95
B66/0-P10-20d EL RN 27 41.54 66.35 51.84 — 8.25 6.17 0.20 1.34 0.41
B66/0-P20-10d ELRRM 27 41.54 101.48 81.09 — 6.46 4.35 0.16 1.49 0.65
B66/0-P20-20d W WIR 41.54 147.09 117.54 — 4.68 4.58 0.11 1.02 0.23
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Tab.6  Comparison of pull-out test and beam test

R p./ % pi/ % l,/mm 7,/MPa &=
RS il 13.87
) 66 0 10d 1.03
A5 13.48
ER AT 14.44
) 100 0 10d 1.21
AL 11.92

T P PR S0 2 4 o B/ B s e B 4 o
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Fig.7 P-S curves of coarse aggregate replacement ratio
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Fig.9 P-S curves of fine aggregate replacement ratio
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Fig.11 Influence of steel bar type on bond strength
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