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Flexural Strength of Reinforced Concrete Beams Containing Recycled Coarse
Aggregate

In-Hwan Yangl*, Seul-Ki An’, Chul-Sung Hwang®

Abstract: This paper concerns flexural strength of reinforced concrete beams containing recycled coarse aggregate (RCA) with compressive strength
ranging from 31 to 38 MPa. The experimental parameters were replacement ratio of RCA and rebar ratio. Replacement ratio of RCA was 0, 30, 50
and 100%, and rebar ratio was 0.50, 0.79 and 1.14%. The RCA concrete beams were tested by using four-point bending test, and experimental results
were discussed regarding crack and failure patterns, load-deflection relationship. Crack pattern of concrete beams with RCA was similar to that of
concrete beams with natural coarse aggregate (NCA) but overall crack spacing of concrete beams with RCA was smaller than that of concrete beams
with NCA. The crack width of RCA and NCA concrete beams was similar to each other. In addition, the test results of flexural strength were compared
to the design code predictions. The design code predictions for flexural strength underestimated the experimental results. Therefore, the design code
predictions for flexural strength of RCA concrete beams would offer conservative design.
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Table 1 Properties of aggregate

Density ~ Absorption  Fineness M'ax1mum
(g/em’) (%) modulus diameter
(mm)
Recycled
coarse 249 2.95 5.36 13
aggregate
Natural
coarse 2.62 0.57 6.55 25
aggregate
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Table 2 Mix proportions for concrete beams containing recycled coarse aggregate

Unit weight(kg/m®)
RCA Coarse aggregate
replacement ratio Fine *
(%) wie Water(w)  Cement(c) aggregate Natural Recycled (\I;/Igigli{by
binder, %)
RO00-series 0 0.38 183 482 767 888 0 0.70
R030-series 30 0.38 183 482 767 622 253 0.75
RO50-series 50 0.38 183 482 767 444 422 0.80
R100-series 100 0.38 183 482 767 0 844 1.00

* High-ranging water reducer
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Fig. 2 Dimension of test beam

Table 3 Concrete properties and experimental parameters of the test beams

Concrete properties

Experiment parameters

Compressive

Test beam strength(28 days) {:Zl; ig}gﬁ%ﬁ }({; g ?;;T&d/g;)s RCAr:iil (e:;;ment Tensile rebar size Rebar ratio(%)
(MPa)
R0O00-S1 383 22,690 4.7 2 xDI13 0.50
R000-S2 383 22,690 4.7 2 x D16 0.79
R000-S3 383 22,690 4.7 2 xDI19 1.14
R030-S1 35.6 21,890 4.6 30 2 xDI13 0.50
R030-S2 35.6 21,890 4.6 30 2 x D16 0.79
R030-S3 35.6 21,890 4.6 30 2 xD19 1.14
R050-S1 33.2 20,660 4.4 50 2 xDI13 0.50
R050-S2 33.2 20,660 4.4 50 2 x D16 0.79
R050-S3 33.2 20,660 4.4 50 2 x D19 1.14
R100-S1 31.7 18,920 3.9 100 2 x D13 0.50
R100-S2 31.7 18,920 3.9 100 2 x D16 0.79
R100-S3 31.7 18,920 3.9 100 2 x D19 1.14
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Initial cracking Yield state Ultimate state Ductility Index

Beam specimen A,
P, (kN) A, (mm) P(kN) A, (mm) P,(kN) A, (mm) y

R000-S1 13.4 1.90 52.5 14.9 66.3 90.3 4.7
R000-S2 13.0 1.50 68.0 13.8 91.5 96.8 6.4
R000-S3 7.2 0.80 1124 19.0 121.5 46.0 2.4
R030-S1 14.7 1.10 53.9 14.5 652 86.3 4.7
R030-S2 16.1 1.84 68.5 13.1 88.3 922 7.0
R030-S3 15.3 1.63 115.9 20.0 123.7 34.9 1.7
R050-S1 10.0 1.12 48.7 14.5 57.1 70.9 49
R050-S2 8.9 1.13 61.6 14.7 82.2 93.5 6.3
R050-S3 11.9 1.18 110.2 19.8 1243 50.3 2.5
R100-S1 11.9 1.39 54.7 15.2 67.9 73.3 4.8
R100-S2 5.0 0.60 61.9 12.9 81.0 84.7 6.6
R100-S3 5.9 0.50 110.9 21.5 120.4 41.2 1.9
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Fig. 9 Effect of RCA replacement ratio on load-deflection curves
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Table 5 Experimental and prediction results

Flexural strength (kN-m) Ratio
HBDS** (2012) KCI* HBDS**
Beam specimen Testresults  KCI*2012) e My, My, My,
Mg (1) My, (2) . H:Prass((és(é)) N H:PTi%éBEZ)) My, Mypps0s5) Mygps1.00)

(M/2) 1)Y3) (1)/(4)
R000-S1 39.62 31.97 31.97 32.17 1.24 1.24 1.23
R000-S2 54.90 41.24 41.24 41.58 1.33 1.33 1.32
R000-S3 72.87 67.53 67.53 68.54 1.08 1.08 1.06
R030-S1 38.21 31.77 31.77 32.00 1.21 1.20 1.19
R030-S2 52.98 40.89 40.89 41.28 1.30 1.30 1.28
R030-S3 7421 66.49 66.49 67.66 1.12 1.12 1.10
R050-S1 34.28 31.87 31.87 32.08 1.08 1.08 1.07
R050-S2 4931 41.07 41.07 41.44 1.20 1.20 1.19
R050-S3 74.59 67.02 67.02 68.11 1.11 1.11 1.10
R100-S1 40.72 31.68 31.68 31.92 1.29 1.29 1.28
R100-S2 48.59 40.74 40.74 41.16 1.19 1.19 1.18
R100-S3 7226 66.07 66.07 67.30 1.09 1.09 1.07
Mean 1.19 1.19 1.17

* : Specifications for Structural Concrete from Korea Concrete Institute(2012)
**: Highway Bridge Design Specifications-Limit State Design from Ministry of Land, Infrastructure and Transport(2012)
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