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Flexural Behavior of High Strength Reinforced Concrete Beams by
Replacement Ratios of Recycled Coarse Aggregate
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Abstract

Recently, natural aggregate was adequate to supply the demand due to increase of building construction. National pollution
induced by construction waste caused by the reconstruction and redevelopment was cited as the major social issues in Korea.
Therefore, government are required by law to use the recycled aggregate. In order to consider safety, KS F 2573 recommend that
recycled aggregate with below design strength 27MPa and replacement ratio of 30%. This study on flexural behaviors of reinforced
concrete beam was conducted and the specimens employed in test were planed with high strength concrete (40, 50 and 60MPa)
and recycled aggregate replacement ratio (0, 30, 50, 100%). Although the flexural strength of reinforced concrete beam has trendy
to decrease with increase of replacement ratio, it is meet to KCI 2007. The comparison results show that reinforced concrete beam
using recycled aggregate can apply as flexural member in building construction.
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Table 1 High—Strength Concrete Standard

Country Standard High—strength concrete (MPa)
Standard Spec1f1Fat10n for 30MPa
Construction
Korea Standard Specification f
tandard Specification for 40MPa 1
Concrete
USA ACI 363 42MPa 1
JASS 50 36MPa 1
Japan — -
engineering works society 60—80MPa
England BS 8110 35—50MPa
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Table 2 Parameters of specimens
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Replacement ratio . Tensile reinforcement ratio | Minimum reinforcement ratio | Maximum reinforcement ratio Length
Type Reinforced
(%) (p) (Parin) (Prna) (mm)
HS40—-RCAO 0 D10 0.00475 2400
HS40—RCA30 30 D10 0.00475 2398
0.00395 0.0293
HS40—RCA50 50 D10 0.00474 2400
HS40-RCA100 100 D10 0.00469 2400
HS50—-RCAOQ 0 D10 0.00455 2397
HS50—RCA30 30 D10 0.00463 2398
0.00442 0.0333
HS50—RCA50 50 D10 0.00456 2398
HS50—RCA100 100 D10 0.00456 2398
HS60—-RCAO 0 D10 0.00455 2399
HS60—RCA30 30 D10 0.00444 2399
0.00484 0.0359
HS60—RCA50 50 D10 0.00458 2400
HS60—-RCA100 100 D10 0.00454 2400
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Fig. 1 Details of specimens

Table 3 Strength properties of concrete

Day Replacement ratio S (MPa)
(%) 40 50 60
0 14.32 20.16 24.07
30 14.52 23.06 18.97
lday
50 16.29 22.14 23.35
100 18.37 18.58 18.91
0 23.17 30.7 33.97
30 27.34 33.38 25.06
3day
50 26.61 29.94 33.37
100 28.98 25.88 21.25
0 31.75 39.89 44.23
30 32.3 38.89 34.95
Tday
50 35.96 36.6 42.93
100 34.73 31.84 33.57
0 39.19 43.71 50.68
30 49.01 46.13 58.01
28day
50 45.15 47.62 51.28
100 48.99 49.89 57.26
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Table 4 Physical properties of aggregates

Specific Percentage of . Water Maximum
Type gravity absolute Abrasion absorption | diameter
volume (%)
(g/em®) (%) (%) (mm)
Recycled
Coarse 2.57 60 22.18 1.67 25
Aggregate

Table 5 Mix proportions of concrete

Mixing Ratio (kg/m?)
Replacement ratio Aggregate w/C
(%) Cement| Sand Water | (%)
Natural | Recycled
0 954 0
30 669 285
588 | 678.6 178 30
50 477 477
100 0 954
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Photo 1 Specimen Installation
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Fig. 2 Details of specimens
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Table 6 Comparison of failure load and crack load

Type Cra;lle;gjvl)oad Fa;i:z:]\lfo)ad ( i; ) 100(%)
H40-RCAO 29 64.35 45.1
H40—-RCA30 21.2 63.7 33.3
H40-RCA50 21.6 57.8 374
H40—-RCA100 29.4 57.4 51.2
H50—RCAO 42 68.1 61.7
H50—RCA30 32.5 56.3 57.7
H50—RCA50 334 64.1 52.1
H50—-RCA100 324 67 48.4
H60—-RCAO 29.4 58.1 50.6
H60—RCA30 35 63.2 55.4
H60—RCA50 35.7 67.6 52.8
H60-RCA100 32 67.9 47.1
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Fig. 3 Crack pattern and failure mode of specimens
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Fig. 4 Load—displacement relationship
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Table 7 Comparison of the Standards value and experimental 542

value
Type Standggs)value Exper(ir]{l;ental value | Lo M, Folg2aA XEgo uE I E HAIZEIYE HO
HS40-RCAO } 2.:;(; 1.205706 f’é H%Oi et AT %q% Q%—% E}—%jq- EH:]-
HS40—-RCA30 _ 25.68 1.201962
HS40-RCA50 2136507 24.48 1.145795 (1) w2y W spfeRte] A9, saS=AE AR
HS40-RCA100 23.24 1.087757 J_E,'_E]E E_-/] /\]tﬂxﬂ—a =] %ZH f(j_EL:ELELE]E @3
HS50—-RCAO 27.32 1.274912 Zﬂ ] H] OH _E_oﬂo] H] X—] 01’:;]—%7]]—]] ;ﬂ;ﬂa_l‘f El‘}\o%
HS50—-RCA30 25.64 1.196514
HS50—-RCA50 2142892 24.56 1.146114 EOﬂ 014- Xﬂlﬂ]—ﬁj ﬂOﬂOPJ\ = % —6]—7“ 14—]:,]-1}%}\—1}
HS50-RCA100 27.64 1.280845 (2) KCI 2AIE=4el gt Axkgk ol Addate] njwd
HS60-RCAQ 26.28 1.223949 3} 8aeZA) Ao BAY] 1.08~1.29% 715
HS60—-RCA30 26.2 1.220223 © AlS|El= =3l 0 I = S
HS60—-RCA50 2LATHY 27.88 1.298466 i\—e OEQ‘] o}j ?ij jE]—L} l;fﬁLLE_jHE_] ;}%}‘i}
HS60—RCA100 27.16 1.264933 tﬂE]E E/] QTZH E;ﬂOﬂ Ao 7}64% ASE ¥
eheL,
=320 A= o]lLE) ke S E o ?J/H—‘:
Table 8 Comparison of ductility index of the experiment ) TL_%:EZHE e ijo °
e & AATASL A Lekor] 7150l 9L B
, , — afo] wghaAfe] 8492 gojof & Zlow ddket:
Reinforcement Maximum Ductility
Type yield load (n(]s;]) load (nf;n) indices
(kN) (kN) () ZEAbO| =
HS40-RCAO 60.13 43.91 58.9 55.2 1.26
HS40—-RCA30 63.6 38.24 64.1 51.56 1.35
HS40-RCA50 454 574 | 578 | 4133 | 132 = AT 20109 AR |Ee] Ao R gl
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HS50—-RCAO 65.9 21.35 68 33.08 1.55 Od——rl,] l"% ]I:q’ O]Oﬂ @A}E%qq
HS50—-RCA30 53.2 27.67 56.1 44.24 1.6
HS50—-RCA50 59.5 26.78 60.9 43.24 1.62
HS50—-RCA100 65.6 31.09 67 40.56 1.3 References
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