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Effect of Recycled Coarse Aggregate (RCA) Replacement Level on the
Bond Behaviour between RCA Concrete and Deformed Rebars

Yong-Heon Jang,” Ki-Sun Choi,” Young-Chan You,” Keung-Hwan Kim,” and Hyun-Do Yun"*
l)Dept. of Architectural Engineering, Chungnam National University, Daejeon 305-764, Korea
“Building Structure & Resources Research Division, Korea Institute of Construction Technology, Goyang 411-712, Korea

ABSTRACT In this study, mixed recycled coarse aggregate (RCA) was produced by mixing RCA from waste concrete in order
to evaluate a new method of RCA production. Bond strength between reinforcing bars and RCA concrete was qualitatively eval-
uated as a part of continuous studies to establish design code of reinforced concrete structural members using recycled aggregate.
For practical application, specimens were manufactured with the ready mix RCA concrete. Parameters investigated include: con-
crete compressive strength (i.e 21, 27 and 40 MPa), replacement levels (i.e 0, 30, 60 and 100%), bar position (i.e vertical and hor-
izontal) and bar location (75 and 225 mm). For the pull-out test, each specimen was in the form of a cube, with each side of
150 mm in length and a deformed bar, 16 mm in diameter, was embedded in the center of each specimen. From the test results,
the most of HT type specimen with compressive strength of 21 and 27 MPa showed lower bond strength than the ones provided
in CEB-FIP and considered in reinforcement location factor (a0 = 1.3). It was reasoned that bonded area of top bar specimen was
reduced at the soffit of reinforcement because of bleed water of fresh concrete. Therefore the reinforcement location factor in cur-
rent KCI design code should be reviewed and modified.
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Table 1 Summaries and numbers of specimens

fox Type RCA replacement level (%)
(MPa) 0 30 60 100

21 v 3 3

27 HT 3 3

40 HB 3 3

Selfleveling
i ortal

Side plates
6mm thick

Triangular grooves
13mm deep

(b) H type specimen

Fig. 1 Details of specimen (unit: mm)

Astget Al@Ale MgE 2o ¥ Aol 810 mmo]
™, &t5 At Al AN gEHel o3 FEHE W
Aol Bu 7t B =S §17] flste] Di6 E2 &
A7 4 64 mm7t FAZES} FHAHEE sl
™ o]ele] M= 2 FAYEV RAEA En
= Aol AFTAE ARt EEsiith 22 7 A
HA FAE=N= 150mm X VE & JF st
2 23 APt FYI A2 BEd F IS )
gom, RE AYAE ZAYE BA 39 T AAE=
E #AetaL 20 £2°C FLFRA 28U FEYAY =
AAAHA 7S skt

23 A M=

of AdFdlMe cd=A F2 7IEdlM FAHES &
& F2EAe F2 71E AL FFE 3.0%, 20H
E 25gem’Es VEIE FAE IS 18k Table
20 vpepdl mpe} Fro] =8k FemAlet A FeIAE
2.5:1.09] H&2 Egete] ARGt T3 AA7EA



Table 2 Physical properties of aggregates

Table 4 Compressive test result

Maximum | Specific Water Lo
Type of size gravity | absorption Unit weight
R | om) | @em) | ow | *¢
Natural
coarse 25 2.69 0.57 1.55
aggregate
*Mixed
recycled 25 2.49 3.00 151
coarse
aggregate
Recycled
coarse 25 2.59 1.59 1.61
aggregate
Waste 25 228 6.28 1.30
concrete
*Mixed = recycled (2.5): waste concrete (1.0)
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Table 3 Mix proportions of concrete
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T RCA replacement fou E, ot
(MPa) ratio (%) (MPa) (GPa) (MPa)

0 27.50 20.15 1.81

21 30 22.82 17.60 1.94

60 26.92 18.70 2.11

100 24.97 19.39 1.89

0 26.93 20.17 2.49

97 30 30.07 20.56 2.67

60 27.94 18.97 2.11

100 26.93 19.59 1.81

0 41.85 24.46 2.45

40 30 37.09 21.57 2.38
60 38.43 22.00 2.55

100 39.64 22.67 2.32

Table 5 Mechanical properties of deformed bar

Ribbed bar| f, (MPa) | f, (MPa) | & (x10°%) | E. (GPa)

Dl6 454.7 736.7 2534.6 182.3

a) Natural
coarse aggregate

(b) Recycled
coarse aggregate

Fig. 2 Shapes of aggregates
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o RCA replacement| W/C S/a Unit weight (kg/m’)
(MPa) ratio (%) (%) (%) W C S Gl G2 G2* AD

0 937 0 0
30 656 189 76

21 51.0 47.8 177 347 827 243
60 375 378 151
100 0 630 252
0 954 0 0
30 668 192 77

27 45.7 46.0 176 385 782 2.70
60 382 385 154
100 0 641 257
0 987 0 0
30 691 199 80

40 33.0 41.6 163 494 695 4.94
60 395 398 159
100 0 664 265

AD = admixture (water reducing agents)
G1 : natural, G2 : circuit, G2* : recycled
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Fig. 4 Average bond stress versus slip relationship
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Table 6 Summaries of test results

Specimen Toa(D) | Tees@) | Taci(3) (H/(2) (1)(3) Specimen ToaD) | Tees@) | Tac(3®) (H/(2) (1)/(3)
21-0V1 20.63 10.49 6.63 1.97 3.11 21-30V1 16.90 9.55 6.04 1.77 2.80
21-0V2 21.12 10.49 6.63 2.01 3.19 21-30V2 16.51 9.55 6.04 1.73 2.73
21-0V3 22.26 10.49 6.63 2.12 3.36 21-30V3 18.40 9.55 6.04 1.93 3.05

21-0V-avg 21.34 21-0V-s 0.68 - - 21-30V-avg 17.27 21-30V-s 0.81 - -

21-0HB1 13.88 10.49 6.63 1.32 2.09 21-30HB1 15.21 9.55 6.04 1.59 2.52

21-0HB2 15.13 10.49 6.63 1.44 2.28 21-30HB2 13.54 9.55 6.04 1.42 2.24

21-0HB3 14.42 10.49 6.63 1.37 2.17 21-30HB3 12.22 9.55 6.04 1.28 2.02

21-0HB-avg 14.48 21-0HB-s 0.51 - - 21-30HB-avg 13.66 21-30HB-s 1.22 - -

21-0HT1 7.79 10.49 6.63 0.74 1.17 21-30HT1 12.56 9.55 6.04 1.31 2.08

21-0HT2 12.93 10.49 6.63 1.23 1.95 21-30HT2 11.83 9.55 6.04 1.24 1.96

21-0HT3 14.13 10.49 6.63 1.35 2.13 21-30HT3 12.55 9.55 6.04 1.31 2.08

21-0HT-avg 11.62 21-0HT-s 2.75 - - 21-30HT-avg 12.31 21-30HT-s 0.34 - -

21-60V1 18.84 10.38 6.56 1.82 2.87 21-100V1 20.01 9.99 6.32 2.00 3.17
21-60V2 19.49 10.38 6.56 1.88 2.97 21-100V2 18.64 9.99 6.32 1.87 2.95
21-60V3 22.81 10.38 6.56 2.20 3.48 21-100V3 17.45 9.99 6.32 1.75 2.76

21-60V-avg 20.38 21-60V-s 1.74 - - 21-100V-avg 18.70 21-100V-s 1.05 - -

21-60HB1 13.70 10.38 6.56 1.32 2.09 21-100HB1 18.88 9.99 6.32 1.89 2.99

21-60HB2 14.18 10.38 6.56 1.37 2.16 21-100HB2 17.37 9.99 6.32 1.74 2.75

21-60HB3 13.10 10.38 6.56 1.26 2.00 21-100HB3 18.33 9.99 6.32 1.83 2.90

21-60HB-avg 13.66 | 21-60HB-s 0.44 - - 21-100HB-avg| 18.19  [21-100HB-s|  0.62 - -

21-60HT1 7.57 10.38 6.56 0.73 1.15 21-100HT1 9.45 9.99 6.32 0.95 1.50

21-60HT2 5.80 10.38 6.56 0.56 0.88 21-100HT2 11.06 9.99 6.32 1.11 1.75

21-60HT3 8.91 10.38 6.56 0.86 1.36 21-100HT3 9.95 9.99 6.32 1.00 1.57

21-60HT-avg 7.43 21-60HT-s 1.27 - - 21-100HT-avg 10.15  |21-100HT-s 0.67 - -
27-0V1 24.96 10.38 6.56 2.40 3.79 27-30V1 22.05 10.97 6.93 2.01 3.18
27-0V2 25.77 10.38 6.56 2.48 3.93 27-30V2 21.83 10.97 6.93 1.99 3.15

27-0V-avg 25.32 27-0V-s 0.46 - - 27-30V-avg 21.94 27-30V-s 0.11 - -

27-0HB1 19.83 10.38 6.56 1.91 3.02 27-30HB1 19.32 10.97 6.93 1.76 2.79
27-HB2 22.17 10.38 6.56 2.14 3.38 27-30HB2 14.95 10.97 6.93 1.36 2.16

27-0HB3 23.39 10.38 6.56 2.16 3.41 27-30HB3 17.27 10.97 6.93 1.57 2.49

27-0HB-avg 21.46 27-0HT-s 1.16 - - 27-30HB-avg 17.18 | 27-30HB-s 1.79 - -

27-0HT1 13.76 10.38 6.56 1.33 2.10 27-30HT1 15.25 10.97 6.93 1.39 2.20
27-0HT2 15.09 10.38 6.56 1.45 2.30 27-30HT2 8.61 10.97 6.93 0.79 1.24
27-0HT3 10.08 10.38 6.56 0.97 1.54 27-30HT3 9.60 10.97 6.93 0.88 1.38

27-0HT-avg 12.98 27-0HT-s 2.12 - - 27-30HT-avg 11.15 27-30HT-s 2.92 - -

27-60V1 21.66 10.57 6.68 2.05 3.24 27-100V1 20.37 10.38 6.56 1.96 3.10
27-60V2 21.43 10.57 6.68 2.03 321 27-100V2 21.38 10.38 6.56 2.06 3.26

27-60V-avg 21.55 27-60V-s 0.12 - - 27-100V-avg 20.88 27-100V-s 0.50 - -

27-60HB1 19.38 10.57 6.68 1.83 2.90 27-100HB1 17.64 10.38 6.56 1.70 2.69

27-60HB2 19.47 10.57 6.68 1.84 291 27-100HB2 16.18 10.38 6.56 1.56 2.47

27-60HB3 20.45 10.57 6.68 1.93 3.06 27-100HB3 18.47 10.38 6.56 1.78 2.81

27-60HB-avg 19.77 | 27-60HB-s 0.48 - - 27-100HB-avg| 17.43 27-100V-s 0.95 - -

27-60HT1 11.13 10.57 6.68 1.05 1.67 27-100HT1 10.65 10.38 6.56 1.03 1.62

27-60HT2 6.58 10.57 6.68 0.62 0.98 27-100HT2 9.31 10.38 6.56 0.90 1.42

27-60HT3 11.61 10.57 6.68 1.10 1.74 27-100HT3 7.36 10.38 6.56 0.71 1.12

27-60HT-avg 9.77 27-60HT-s 227 - - 27-100HT-avg 9.11 27-100HT-s 1.35 - -
40-0V1 29.02 12.94 8.18 2.24 3.55 40-30V1 29.86 12.18 7.70 245 3.88
40-0V2 29.82 12.94 8.18 2.30 3.65 40-30V2 29.98 12.18 7.70 2.46 3.89

40-0V-avg 29.42 40-0V-s 0.40 - - 40-30V-avg 29.92 40-30V-s 0.06 - -

40-0HB1 28.13 12.94 8.18 2.17 3.44 40-30HB1 29.01 12.18 7.70 2.38 3.77
40-HB2 25.55 12.94 8.18 1.97 3.12 40-30HB2 28.46 12.18 7.70 2.34 3.70

40-0HB3 26.53 12.94 8.18 2.05 3.24 40-30HB3 25.62 12.18 7.70 2.10 3.33

40-0HB-avg 26.74 40-0HB-s 1.06 - - 40-30HB-avg 27.70 | 40-30HB-s 1.49 - -

40-0HT1 27.41 12.94 8.18 2.12 3.35 40-30HT1 23.92 12.18 7.70 1.96 3.11

40-0HT2 22.01 12.94 8.18 1.70 2.69 40-30HT2 17.75 12.18 7.70 1.46 2.31

40-OHT-avg 24.71 40-OHT-s 2.70 - - 40-30HT-avg 20.84 40-30HT-s 3.09 - -

40-60V1 27.36 12.40 7.84 2.21 3.49 40-100V1 28.67 12.59 7.96 2.28 3.60
40-60V2 30.18 12.40 7.84 2.43 3.85 40-100V2 29.00 12.59 7.96 2.30 3.64

40-60V-avg 28.77 40-60V-s 1.41 - - 40-100V-avg 28.84 40-100V-s 0.16 - -

40-60HB1 25.96 12.40 7.84 2.09 331 40-100HB1 28.86 12.59 7.96 2.29 3.63

40-60HB2 26.17 12.40 7.84 2.11 3.34 40-100HB2 27.40 12.59 7.96 2.18 3.44

40-60HB3 25.90 12.40 7.84 2.09 3.30 40-100HB3 25.55 12.59 7.96 2.03 321

40-60HB-avg 26.01 40-60HB-s 0.12 - - 40-100HB-avg| 27.27  |40-100HB-s 1.35 - -

40-60HT1 23.58 12.40 7.84 1.90 3.01 40-100HT1 28.75 12.59 7.96 2.28 3.61

40-60HT2 23.53 12.40 7.84 1.90 3.00 40-100HT2 19.61 12.59 7.96 1.56 2.46

40-60HT3 - - - - - 40-100HT3 25.81 12.59 7.96 2.05 3.24

40-60HT-avg 23.56 40-60HT-s 0.02 - - 40-100HT-avg | 24.72 |40-100HT-s 3.81 - -
*avg = average s = standard deviation
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Fig. 5 Effect of RCA replacement level on the bond stress
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Fig. 8 Comparison between test results and calculated results
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