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Bond behavior between corroded steel bars and high-strength recycled concrete

YE Taoping, CAO Wanlin, DONG Hongying, ZHANG Yixuan

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

Abstract; To investigate the bond behavior between corroded steel bars and high-strength recycled concrete, a
central pull-out test was carried on 36 specimens which were produced by electricity to accelerate corrosion. In this
paper, the design parameters comprises replacement rate of recycled coarse aggregate, rebar shape, rebar
diameter, anchorage length and corrosion rate of rebar. Based on the test results, the bond failure forms of
specimens and the influences of each design parameter on the bond behavior between corroded steel bars and high-
strength recycled concrete were analyzed. The results indicate that there are three failure forms in the failure
process, including steel bar pull-off, steel bar pull-out and concrete splitting. The bond strength between high-
strength recycled concrete and corroded rebar is obviously higher than that of corroded plain round bar. The bond
strength decreases with the increase of replacement rate of recycled coarse aggregate, rebar diameter, anchorage
length, and corrosion rate of rebar. When the bar corrosion rate reaches a certain value, the reduction of bond
strength is not obvious.

Keywords: corroded steel bar; high-strength recycled concrete; bond strength; pull-out test
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B R B R, A5 IhAT  FA TR R R A R4
SREZSETHE K, ELHGR Ao A0 i {5 L D 476
W RS B LGS W B A B Tl A I A 8
F AR EE T IT RS R4S I T K ie 2 A
Ph BT A R i g 1 BT R 5 A
AT AR AR (R R AR AT 45 T ARG v i J3E 2
AR BE L AIBIFTE , TR T AR 18] < 8 5 g 4
ST T A A A A 5 e R PR TR R R R A PR RE OIS
Wb FET U, ASCHAT T 36 MEEIIRAT - mivk A
REELIRPFR O Rkak s, 7B T #ATSMNE R
FLE R A AT TS A 73 I 38 9 3 5 fne
SO — v i 1A TR B ) B 45 0 RS M RE Y
SO A A RLAS TS, DU RE S AR AR TR BE A T A%
Hh R S AR A

1 R
L1 it

H£ 36 NHME R SF R 150 mm x 150 mm X
450 mm I, PLHA A AL T A e Bl el 07
P ] PVC B R B N 5 1R B 1, IR A w4
3 IR 1) 249 SO A3 , LA DR a0 5 ik I 1) e e 1
5 S BRIR B A M 3 1) — Bk Sy SR AN 3 B
it PR IR BE R 2 5 R R S, el — e
FRAO ALK AN 25 mm £ T RSP 10 mm x
50 mm x 450 mm AT . TR EE T 5 B S P4 4%
C60 Wit BT S HOA - AL R 2 (0,
50% ,100% ) , B SME LR N AT , BRECHI AT ) |
HERAR (14 mm,20 mm) , 4 F K (10d,15d,20d)
LA MA (5% ,10% ,15% ). #5184 S B 1.

x1 RHFRHSH

Tab.1 Design parameters of specimens
RIS HAMEEIRE/ % WHSNE WA/ mm BEKE/mm HARSIE/ %
H/0 - P14/A210 - 10% -25 0 SIF 14 210 10
H/50 - P14/A210 - 10% -25 50 SR 14 210 10
H/100 - P14/A210 - 10% -25 100 SR 14 210 10
H/0 - P14/A280 - 10% -25 0 IR 14 280 10
H/50 - P14/A280 - 10% -25 50 SR 14 280 10
H/100 - P14/A280 - 10% -25 100 S5 14 280 10
H/0 - P20/A300 - 10% -25 0 SR 20 300 10
H/50 — P20/A300 - 10% —25 50 sl 20 300 10
H/100 — P20/A300 - 10% —-25 100 IR 20 300 10
H/0 - P20/A400 - 10% -25 0 SR 20 400 10
H/50 - P20/A400 - 10% -25 50 SR 20 400 10
H/100 — P20/A400 — 10% —-25 100 IR 20 400 10
H/0 - R14/A140 -5% —-25 0 2338 14 140 5
H/50 — R14/A140 - 5% -25 50 2338 14 140 5
H/100 - R14/A140 -5% -25 100 [P 14 140 5
H/0 - R14/A140 -10% -25 0 [P 14 140 10
H/50 - R14/A140 - 10% -25 50 [P 14 140 10
H/100 - R14/A140 - 10% -25 100 338 14 140 10
H/0 - R14/A280 - 10% -25 0 (234 14 280 10
H/50 - R14/A280 - 10% -25 50 ey 14 280 10
H/100 - R14/A280 - 10% -25 100 e 14 280 10
H/0 - R14/A280 - 15% -25 0 e 14 280 15
H/50 - R14/A280 - 15% -25 50 238 14 280 15
H/100 - R14/A280 - 15% —-25 100 g 14 280 15
H/0 - R20/A200 -5% —-25 0 [P 14 200 5
H/50 - R20/A200 -5% —-25 50 [P 20 200 5
H/100 - R20/A200 5% -25 100 [ 20 200 5
H/0 - R20/A200 - 10% -25 0 g 20 200 10
H/50 — R20/A200 - 10% -25 50 g 20 200 10
H/100 - R20/A200 - 10% -25 100 (2438 20 200 10
H/0 - R20/A300 -5% —-25 0 1240 20 300 5
H/50 - R20/A300 - 5% —25 50 [958 20 300 5
H/100 - R20/A300 -5% -25 100 g 20 300 5
H/0 - R20/A300 - 10% -25 0 [958 20 300 10
H/50 - R20/A300 - 10% -25 50 838 20 300 10
H/100 - R20/A300 - 10% -25 100 1240 20 300 10
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Fig. 1 Specimen size and steel bar details
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1.2.1 BE+

FA R R BB R T DL 2. R A R R
WK S, TR e - F, ST 0 P A R, Al

T KR B R T RS DA G 7 e i TR 5
DR A A B R IR 7K e 22 1 MR YRR - AT REOK IR He
AT AE M. TR BE B A L B TR AY 150 mm x
150 mm x 150 mm 57 75 AT i B L3 3.
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Tab.2 Properties of coarse aggregate

JUES HERR® B/ (kg » m™ %)  RWMHRE/ (kg - m™ ) JEEIER/ % WoKE/ %  FlRe/% &R/ % RREE %
FRA R} 1 454.27 2 760.24 9.71 0.42 0.41 0 4.98
AR 1252.98 2 575.05 13.10 2.99 2.25 2.57 3.01

*3 EBELImAEL
Tab.3 Mix proportion of concrete
. HH TRBE AR R (kg - m™?) ST R R
i KIS S 2% /0 N - /MP
/% ST % 3/ S |1 1112 R 22k s S N Jeu/MPa
H/0 0.32 0 434 54 54 757 926 0 175 63.74
H/50 0.32 50 434 54 54 757 463 463 175 66.56
H/100 0.32 100 434 54 54 757 0 926 175 60.76
1.2.2 5 HRB400 ZHRSC5N ffi , HEEASPEfRE UL 3% 4.
ol B3R AN A 1 1 HPB300 255 [B1 4K 7555 il
T4 MHEARMERE
Tab.4 Basic characters of steel bars
INFREAR Jit I R Brhism PR PR TR m/
AL AR . e - % 6/% SRR
d/mm fy/MPa fo/MPa E_/10°MPa (g-m™")
HPB300 14 345.0 517.0 2.07 29.1 1 209
HPB300 20 271.3 402.1 2.08 30.9 2 382
HRB400 14 464.3 645.0 2.06 20.8 1211
HRB400 20 436.6 600. 1 2.10 19.4 2 385

1.3 AT
L.3.1 Gl H g5 h

DA B A L P ) A S5 B 77 5 fkt, >R 3 R o e
bk AR R AT 98 5 K% 3 R IF (] ) Faraday HEfi

ST SN B Tl i, AR5 AR AR Tk R
HAZHUZ S I R], BARRIAIT
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Fig.2  Accelerated corrosion device
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Fig.3 Pull-out test device
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Tab.5 Results of corrosion
KRS W g,/ MM L/ MM m/% 1/ %
H/0 - P14/A210 -10% -25 — — — 10
H/50 - P14/A210 - 10% -25 0.26 360 11.84 10
H/100 - P14/A210 -10% -25 0.26 270 12.70 10
H/0 - P14/A280 - 10% -25 0.90 350 11.98 10
H/50 - P14/A280 - 10% -25 0.20 370 12.65 10
H/100 - P14/A280 - 10% -25 0.50 360 13.52 10
H/0 - P20/A300 - 10% -25 0.30 360 10.09 10
H/50 - P20/A300 - 10% -25 0.30 370 8.01 10
H/100 - P20/A300 - 10% -25 0.30 310 10. 11 10
H/0 - P20/A400 -10% -25 1.00 450 8.60 10
H/50 — P20/A400 - 10% -25 1.40 450 8.01 10
H/100 — P20/A400 - 10% -25 0. 60 400 8.91 10
H/0 - R14/A140 -5% -25 0.10 280 5.24 5
H/50 - R14/A140 -5% -25 0.00 0 5.12 5
H/100 - R14/A140 -5% -25 0.10 370 5.73 5
H/0 - R14/A140 - 10% -25 0.20 200 10.21 10
H/50 - R14/A140 - 10% -25 0.06 110 9.99 10
H/100 — R14/A140 - 10% -25 0.06 150 10.28 10
H/0 - R14/A280 - 10% -25 0.20 170 10. 14 10
H/50 - R14/A280 - 10% -25 1.20 400 9.93 10
H/100 — R14/A280 - 10% -25 0.40 350 10. 68 10
H/0 - R14/A280 - 15% -25 0.30 300 14.86 15
H/50 - R14/A280 - 15% -25 0.20 310 12.51 15
H/100 — R14/A280 - 15% -25 0.30 310 15.44 15
H/0 - R20/A200 -5% -25 0.24 250 5.26 5
H/50 - R20/A200 -5% -25 0.34 340 5.24 5
H/100 - R20/A200 -5% -25 0.56 280 6.20 5
H/0 - R20/A200 - 10% -25 0.42 300 11.09 10
H/50 - R20/A200 - 10% -25 0.30 300 11.56 10
H/100 — R20/A200 - 10% -25 0.24 290 11.62 10
H/0 - R20/A300 - 5% -25 0.52 380 5.84 5
H/50 - R20/A300 -5% -25 0.30 370 6.37 5
H/100 - R20/A300 -5% -25 0.36 450 6.27 5
H/0 - R20/A300 - 10% -25 1.60 370 12.64 10
H/50 - R20/A300 - 10% -25 1.16 450 13.48 10
H/100 — R20/A300 - 10% -25 0. 80 450 12.12 10
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Fig.5 Failure forms of bond-slip test
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Tab.6 Results of center pull-out test

T BB P./kN 7,/ MPa ./ MPa K
H/0 - P14/A210 - 10% -25 — — — 63.74 —
H/50 - P14/A210 - 10% 25 P 54.24 5.88 66. 56 0.088 3

H/100 - P14/A210 - 10% -25 i 49.45 5.36 60.76 0.088 2
H/0 - P14/A280 - 10% -25 i 52.11 4.23 63.74 0.066 4
H/50 - P14/A280 —10% - 25 i 55.17 4.48 66.56 0.067 3

H/100 - P14/A280 ~10% 25 il 50.88 4.13 60.76 0.068 0
H/0 - P20/A300 - 10% -25 L 93.99 4.99 63.74 0.078 3
H/50 ~ P20/A300 - 10% -25 il 91.01 4.83 66. 56 0.072 6

H/100 ~ P20/A300 ~ 10% 25 ety 87.03 4.62 60.76 0.076 0
H/0 - P20/A400 - 10% -25 P 86.18 3.43 63.74 0.053 8
H/50 - P20/A400 - 10% -25 i 81.81 3.26 66. 56 0.048 9

H/100 — P20/A400 - 10% - 25 i 84.27 3.35 60.76 0.055 2
H/0 - R14/A140 5% -25 i — — 63.74 —
H/50 - R14/A140 ~5% 25 Kl 96.87 15.74 66. 56 0.236 5
H/100 - R14/A140 5% -25 i 87.65 14.24 60.76 0.234 4
H/0 - R14/A140 - 10% -25 il 91.04 14.79 63.74 0.232 1
H/50 ~ R14/A140 ~ 10% 25 W 87.73 14.25 66. 56 0.2142

H/100 - R14/A140 - 10% -25 b7 77.53 12.60 60.76 0.207 3
H/0 - R14/A280 - 10% 25 1 90.39 7.34 63.74 0.1152
H/50 - R14/A280 — 10% - 25 b7 83.60 6.79 66. 56 0.102 0

H/100 - R14/A280 - 10% -25 b7 73.60 5.98 60.76 0.098 4
H/0 - R14/A280 —15% 25 Hlb7 89.62 7.28 63.74 0.1142
H/50 - R14/A280 ~ 15% 25 B 90.98 7.39 66. 56 0.111 0

H/100 - R14/A280 ~ 15% - 25 ST (Y18 75.75 6.15 60.76 0.101 3
H/0 - R20/A200 ~5% 25 il 161. 14 12.83 63.74 0.2013
H/50 ~ R20/A200 - 5% ~25 W 159.76 12.72 66. 56 0.191 1
H/100 - R20/A200 ~5% - 25 P 152.25 12.12 60.76 0.1995
H/0 - R20/A200 - 10% 25 i 152.15 12.11 63.74 0.190 1
H/50 - R20/A200 — 10% - 25 LiEd 151.89 12.09 66. 56 0.1817

H/100 — R20/A200 - 10% -25 Uiz 118.27 9.42 60.76 0.155 0
H/0 - R20/A300 -5% -25 I 170.71 9.06 63.74 0.1422
H/50 — R20/A300 - 5% -25 Kbt 167.21 8.88 66. 56 0.133 3
H/100 ~ R20/A300 ~5% 25 W 159.27 8.45 60.76 0.139 1
H/0 - R20/A300 - 10% -25 il 142.01 7.54 63.74 0.118 3
H/50 - R20/A300 - 10% - 25 e 142.91 7.59 66. 56 0.114 0

H/100 - R20/A300 -~ 10% -25 T I 112.53 5.97 60.76 0.098 3

T =" FR R IR a0 s = 2k
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Fig.9 Relationship between replacement rate and bond strength
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Fig. 10  Relationship between bar diameter and bond strength
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Fig. 12 Relationship between corrosion rate and bond strength
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