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Flexural Behavior of Reinforced Recycled Aggregate Concrete Beams
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I)Dept. of Architectural Engineering, Chungnam National University, Daejeon 305-764, Korea
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ABSTRACT These days the amount of demolished concrete waste has been increasing due to reconstruction and redevelopment
of aged buildings. So the use of recycled aggregates is recommended to solve environmental problems. Some investigations have

been carried out to study the flexural behavior of reinforced concrete beams with recycled aggregates. But these have some lim-
itation due to the use of low quality recycled aggregates and small-scale specimens in the laboratory. The purpose of this exper-
imental study is to evaluate the flexural behavior of simply supported RC beams subjected to four-point monotonic loading and
made with recycled aggregates. Seven full-scale RC beams were manufactured with different replacement level of recycled aggre-
gates. The main parameters of the study are combination of aggregates. From the test results, the flexural behavior of the beam
is described in terms of crack patterns and failure modes. And the flexural strength of RC beam with different types of recycled
coarse aggregates and recycled fine aggregates is compared with the provision of KCI code.
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Table 1 Parameters of previous study

HH¢Y 2 AsS Has 23 g5 A5 veE
Atk F8H 5L £FHIFA XFgo wE A2
Z FHxd v oY FHHEIHA 4GA = EFste] A
dg FAsT AT A9, SRFAE AN F2E
AE He| AAFTHo] AAFANE 283 A2Eag
E B Hla}| tha HAidte FES UERA, AAEZA
£ A3 AEEaE B dA TYHE /FoR 3
S u), £FFAE A A2EIdE A oA
< 3l HREZHE FFE2NY 60% olst= 3t
£ Zo] g Aoz Adsgn). I IS AL
23 A2ZIE FEA ACI F529] 98 o =gk
o] AL T ¥ A= #HH A 10% ©lste] A
43S YERAL o] ACI®] FE2dl 9gt 33 U=
AEHE THIAE AFES AZFEIAZE He| A
OO 2 FHeslox Fusittay B3kl 9lTth Maruyama
T2 THIA X3EH FANEHE HMFE 5t AY
S FsAn. A A3, EAME o AAIglo] =3
= AFAE 25 X33 APA Q] H) o)

N
o
rr
=
=
ot
pa)
o
fu
f
kd
ol
kd
¥2,
)

KCI200394 = 3+
LIHA P AS
o, o3 A

3 Fws] MEE & Aok sk Ak 2y A
AE KCR0074 =

=3 fam A =
=T =
A 2SS Aststs delF el walo g A ETE &

A e AR s EEC] 0.005 o e
TS| 2 Avdde A= Aoy 44 dYew

A& T Ude A dHe=w 3

A71E FEZFE7F 400 MPa ©] &Y o
SHAIE 0.0052 A gHslS T},

o] Aol F A= A YA Aol 8L R

Researcher | Recycled aggregates | Specific gravity (g/em’)| Water absorption (%) Parameters

SW Shin Coarse 2.20 2.95 Replacement level, concrete strength

KH Lee Coarse 222 6.53 Ratio of reinforcement
Coarse 2.54 1.86 ) )

YO Lee - Replacement level, ratio of reinforcement
Fine 2.47 3.64

BC Joo Coarse 2.19 7.26 Replacement level, ratio of reinforcement
Coarse 2.46 6.18

Maruyama - Replacement level, W/C
Fine 2.23 12.5
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Fig. 1 Specimen configuration and reinforcements (mm)

Specimen

Fig. 2 Setup of loading (mm)
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Table 3 Summary properties of aggregates

Specific | Water Unit
gravity [absorption| weight

(gfem’) | (%) | (kg/m’)

25 2.61 0.63 1,509

Size

Series| Aggregates (mm)

Natural coarse
aggregate
Recycled coarse
aggregate

20 2.49 3.00 1,557

Natural coarse

25 2.69 0.57 1,553
aggregate

2 | Mixed coarse
aggregate 25 248 3.01 1,511

2.5(I) : 1(C)

Natural fine
aggregate

5 2.65 0.98 1,489

Recycled fine

3 5 2.29 5.83 1,114
aggregate-A
Aol ALE «BTAE A TERES s Recyeled fine | | o [ o5 | 000
s o7 R EL £l 2 Aol § aggregate-B : : )
Table 2 Parameters of specimens
Flexural reinforcement
Series Specimens bxd |Net span| f Recycled aggregatf . e _
(mm) (mm) | (MPa) | replacement level (%) £ A (pelpy))| £, (MPa) | &, (x107)
B-R0.75-A0 0
: B-R0.75-A100 100 334 2339
-R0.75- 10-D2
0.004 0-D25
BFS4-A0 0 (0.732)
2 379.7 2,386
BFS4-A100 |400x525| 6,000 27 100
BFS5-A0 0
9-D25
BFS5-A1 1 . 410.4 2,04
3 S5-A100 00 0.005 (0.659) 0 ,043
BFS5-B70 70

)

Ypy: reinforcement ratio producing balanced strain conditions

sl net tensile strain in extreme tension steel at nominal strength, “pg: ratio of tension reinforcement,
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(c) Mixed coarse
aggregate

(b) Rcyced coars
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() Natural coarse i
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‘(e) Recycled fine  (f) Recycled fine
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aggregate aggregate-A aggregate-B

Fig. 3 Shape of aggregates
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Table 4 Mix proportions and strength properties of concretes
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Mix proportions of concretes Strength properties
of concretes
. . Recycled aggregate Unit weight (kg/m’)
Series| - Specimens replacement level (%) W/C | S/a G S fou E,
Coarse Fine | (%) | (%) | W NGY RG” | RG NS RSP RS | AD | (MPa) | (GPa)
aggregate | aggregate -A | -B -A | -B
1 | B-R0.75-A0 0 - 960 | - - | 823 - - 36.97 | 24.16
43.6 132 | 392 2.94
B-R0.75-A100 100 - - | 888 | - |85 - - 29.17 | 20.83
2 BFS4-A0 0 - 954 | - - | 782 - - 26.77 | 20.17
457 176 | 385 2.70
BFS4-A100 100 - 46.0 - | 641 |257| 782 | - - 23.85 | 19.59
3 BFS5-A0 - 0 068 799 | - - 31.51 | 21.27
BFS5-A100 - 100 43.6 166 | 392 - - - |675| - |2.94| 2740 | 20.85
BFS5-B70 - 70 944 239 | - |478 28.66 | 20.86

UNG: natural coarse aggregate, ~“RG: recycled coarse aggregate, ’NS: natural fine aggregate,

434 | 3H=2232|E8S| =22 M213 M4S (2009)

“RS: recycled fine aggregate
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Table 5 Summary of test results

Test results Calculated results | M /M,
Series|  Specimens Concrete crack Reinforcement yielding Maximum load | Cracking | Maximum| M, J/
Load | Deflection | Stiffhess | Load | Deflection | Stiffness | Load | Deflection | load load M,
&N) | (mm) [KNmm)| kN) | (mm) |KNmm)| (kN) | (mm) (kN) (kN) (kN)
1 B-R0.75-A0 | 78.50 1.84 50.85 | 649.13| 2764 2349 | 75803 | 3534 35.04 685.30 .11
B-R0.75-A100 | 47.58 140 36.60 | 642.17| 29.78 2156 | 74439 | 3850 31.09 660.60 1.13
5 BFS4-A0 64.35 2.30 23.02 |581.02| 3259 17.83 | 651.01 | 39.63 57.95 622.85 1.05
BFS4-A100 | 43.76 3.10 14.14 | 568.16 | 3449 1647 | 60564 | 3815 54.69 608.72 0.99
BFS5-A0 40.56 1.28 3169 | 619.78 | 35.88 1727 | 65536 | 4198 72.14 611.26 1.07
3 BFS5-A100 | 34.02 1.14 2984 | 61222 | 36.64 1670 | 63679 | 42.84 6727 598.07 1.06
BFS5-B70 | 26.28 0.90 2920 |59629 | 3526 1691 | 650.76 | 45.06 68.80 602.52 1.08
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