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Mechanical Properties of Recycled Coarse Aggregate concrete using Two-Stage

Mixing Approach

Seung Jun Kwon', Hee Seob Lim”*, Han Seung Lec’, Myung Kwan Lim"

Abstract: As the lack of specific aggregation intensifies, the development of alternative resources is urgent. Construction waste is increasing every year,

but recycled aggregate is used as a low value added material. Various studies are currently underway at the national level. In this paper, the mechanical

performance of the concrete according to the concrete mixing method and the replacement amount of the circulating coarse aggregate was compared
and evaluated. Concrete mixing method was normal mixing approach(NMA) method, two-stage mixing approachl (TSMA1) method, two-stage
mixing approach2 (TSMA2) method. Fresh concrete was tested for air content, slump test, and unit volume weight. Compressive strength and flexural

strength were tested in hardened concrete. According to the TSMA method, the mechanical performance difference of concrete is shown, and the strength

is decreased according to the circulating coarse aggregate replacement amount.
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Table 1 Quality standard of recycled aggregate(KS F 2527)

Recycled coarse

Crushed coarse

aggregate aggregate

Density (g/cmS) More than 2.5 More than 2.5
Absorption (%) Not more than 3.0 Not more than 3.0

Stability (%) Not more than 12 Not more than 12
Rate 022 ;) rasion Not more than 40 Not more than 40
Rate of absolute More than 55 More than 55

volume (%)

Sieve amount Not more than 1.0 Not more than 1.0

0.08mm
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Table 2 Physical properties of cement 32 AE A= 3 gk
oo Setingiime  Compressive A% 718 2 WS THS Table 5ol LeRiT), 232 Ee)
Type Density (cn?;?g) (h:m) strength (MPa) o) A% oz &2 e ZIE|Eo|A=KS F 2402(23
initial final  3d 7d  28d 2 Eo &8 Aol F3le] I AL 13 0]_9;\
OPC 3.15 3,000 320 550 125 225 425 o1 KS F2409(2A S ZagEo] vhe) 82 Ak g 3
1A ) 2B 9984 A7 Y %71%*1?1
Table 3 Physical properties of admixture S A5 As 2T E AForE & T A FT}
i i 3l 7} A1 S-S R138) 5]
Type . Mal.n Form  Color Den51t2y o3 19& 2 go}ﬁt}v
ingredient (g/em) H AFo A= 3714 Bl g 5122 o] -8-5ke] 3-8 ZIsyst
High performance  Dak %t The: Table 6. =212 = W g 4o] thal ehd o]
water reducing Polycarbonate  Liquid 1.05
agent brown oF. NMA 3418 QubAel Eae)E ujg By o 2 A
£ A, FEBA 9 ABATAE YA EGs] MG
Table 4 Physical properties of aggregate sk W oItk TSMATWA 2 24, =42 =(50%)
S A A vj g3l o] & Fold= E(50%) 3 AIHIE, AEZFFEA]
Coarse aggregate = Wy wasle Wolth TSMA2E 224, #-o2A)s}
Division Washed Sand Crushed Recycled B(50%), AEZEA(50%) S WA w3 o] % Yoyl &
degrgale  aggrogale (50%), AEZFFAI(50%) Sk A ES P v 3he W ayshs g
Size(mm) 5 25 25 o]}
— .
Density(kg/cmS) 2.59 2.61 2.46
i Modul 2. . 33
Fineness Modulus 76 690 ! Table 5 Experimental plan of concrete
Absorption(%) 1.56 1.23 3.40
W/C (%) 50
100 Washed sand, Crushed aggregate,
g0 | -~ washed sand . Aggregate Recycled aggregate
80 | Spec.(Max) Mix
70 spec.in) design Replacement Recycled Coarse aggregate
_ ’ ratio (0%, 50%, 100%)
g 60
£ 50 Mixing method NMA, TSMA1, TSMA2
8 40
30 Slump, Air content,
20 Fresh concrete Unit volume weight
10 Test
ot d . . . item Compressive strength
015 03 06 118 236 475

Sieve size (mm)

Fig. 2 Grading curves for fine aggregate
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Fig. 3 Grading curves for f coarse aggregate
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Hard concrete (3days, 7days, 28days, 56days),
Flexural strength (28 days)

(b) Unit volume
weight test
Fig. 4 Test of Fresh concrete

(a) Air content test

(c) Slump test



Table 6 Mixing method

Mixing type Mixing method
NMA
o NMA: S+ C+ A+ W+ Ad. —— Concreat
(Normal mixing approach) 90's
TSMA 1
o TSMA, : A+ S+ W(50%) —— C+ W(50%) + Ad.(100%) —— Concrete
(Two-Stage mixing approach) 60's 60's
TSMA 2
o TSMA, : A+ S+ W(50%) + Ad.(50%) —— C+ W(50%) + Ad.(50% ) —— Concrete
(Two-Stage mixing approach) 60°s 60°s
S : Sand, A : Coarse aggregate, C : Cement, W: Water, Ad. : Admixture
Table 7 Mixing design of concrete
Unit Weight (kg/m’)
Sample wie S/a Coarse aggregate
P ) ) W c s , R Ad
G G
__N¢ 9433 i
NMA RACS50 470 4333
RAC100 - 868
NC 943.3 -
TSMAI1 RACS0 50 47 181 362 824 470 4333 3.62
RAC100 - 868
NC 943.3 -
TSMA2 RAC50 470 4333
RACI100 - 868
S : Washed sand
G': Crushed aggregate
G’ : Recycled aggregate(RA)
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Fig 5 Test results of slump and air content test
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Table 8 Test results of compressive strength
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Fig 6 Test results of unit volume weight
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Mixing o NMA (days) TSMAL1 (days) TSMAZ2 (days)
methods 3 7 28 56 7 28 56 3 7 28 56
Compressive 0 23.04 29.75 3772 4176 2277 2896 37.67 41.60 1987 2791 35.68 39.43
strength 50 22772 2732 3438 3744 2137 2611 3433 36.67 1990 25.05 3346 35.52
(MPa) 100 2231 26.77 33.01 3586 2145 2538 32.69 3501 19.12 2501 32.56 33.95
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Flexural strength (MPa)
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Fig 9 Test results of flexural strength
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