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Effect of Fly Ash on Rheology and Strength of Recycled Aggregate Concrete

Kyu-Hun Kim," Myoung-Su Shin,"” Young-Sik Kong,z) and Soo-Won Cha”
School of Urban and Environmental Engineering, Ulsan National Institute of Science and Technology, Ulsan 689-798, Korea

2)Dept. of Civil and Environmental Engineering, University of Ulsan, Ulsan 680-749, Korea

ABSTRACT As the amount of construction wastes increase, reuse of demolished concrete is being considered in research areas.

Reflecting these interests, this experiment was performed to clarify concrete’s mechanical property and workability using recycled

aggregate as a coarse aggregate. Eleven cases of concrete specimens were produced by changing the rates of replacement of coarse

recycled aggregate, replacement of fly ash, design strength, and moisture state of coarse aggregate. Compressive and tensile split

strength tests were taken to study the mechanical properties of hardened concrete. To verify flowability of fresh concrete, a slump test

and a flow curve test using ICAR Rheometer were performed. It was found that using recycled aggregate and fly ash leads good

workability by testing slump and flow curve. The yield stress of fresh concrete decreased with increase of recycled aggregate

substitution rate. Through the test, it was confirmed that there is inversely proportional relationship between the slump and yield
stress roughly. Recycled aggregate concrete containing fly ash has considerably lower plasticity viscosity than not containing fly ash.
Strength test results showed that recycled aggregate tended to decrease compressive and tensile strength of concrete, when recycled

aggregate was used as a coarse aggregate. Using over 30% recycled aggregate caused significant decreases in compressive and
tensile strength. Replacing 30% cement with fly ash was helpful to improve the long-term strength of concrete.

Keywords : recycled aggregate, fly ash, rheology, compressive strength, split tensile strength
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Fig. 1 Usage of recycled aggregate concrete®
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Table 1 Particle size distribution standard of recycled aggregate suggested by KCI

Percentage passing (%)

Sieve size (mm)

4 25 20 13 10 5 2.5 1.2 0.6 0.3 0.15
Recycled | Max. | 25 | 100 [95~100| - [25~100| - 0~10 | 0~5 - - - -
coarse size
aggregate (mm) 20 - 100 90~100 - 20~55 0~10 0~5 - - - -

Recycled fine aggregate - - - -

100 | 90~100 | 80~100 | 50~90 | 25~65 | 10~35 | 2~15
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Table 2 Experimental variables

Design | Moisture Reple'lcement
. . ratio of
Mixture |compressive| state of Use of fly
recycled
case strength coarse aggregate ash
(MPa) | aggregate %)

N-SSD-0 0 X
NF-SSD-0 0 O
N-SSD-30 30 X
S SSD

NF-SSD-30 24 30 O
N-SSD-100 100 X
NF-SSD-100 100 O
N-OD-100 oD 100 X
H-SSD-0 0 X
H-SSD-30 30 X
—— 40 SSD

H-SSD-100 100 X
HF-SSD-100 100 O
Table 3 Properties of fly ash

Si0, | Water | LOI | Density fiffelzs fjﬁz ‘A‘i‘;lt(‘izy

o 0 o 3

%6) | (%) | (%) | (glom’) (cmz/g) ratio (%)| (%)
48.8 | 0.1 35 | 2.14 3360 101 81

Fig. 2 Natural and recycled coarse aggregate
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Table 4 Properties of aggregate

Quality standard Used aggregates
for recycled .
Property of aggregate coarse aggregate Recycled coarse Natural coarse Fine Aggregate Test regulation
(KCI) aggregate aggregate
Absolute dry density (g/cm’)| More than 2.5 2.14 2.62 2.56 KS F 2503
Absorption (%) Less than 3.0 6.28 0.84 1.41 KS F 2503
Abrasion (%) More than 40 21.1 14.6 - KS F 2508
Absolute volume (%) More than 55 57 59 58 KS F 2527
0.08 mm sieve passing (%) Less than 1.0 0.6 0.2 1.6 KS F 2511
Alkali aggregate reaction Harmless Harmless KS F 2545
Amount of clay mass (%) Less than 0.2 0.15 0.08 0.4 KS F 2512
Stability (%) Less than 12 4.9 24 35 KS F 2507
Organic Less than 1.0 02 i )
Contents of (volume) KS F 2576
impurity (%) . Less than 1.0
Inorganic 0.2 - -
(volume)
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Table 5 Mixing proportions (kg/m3)

Mixture case | Water |Cement| Natural coarse aggregate | Fine aggregate | Recycled coarse aggregate | Fly ash AE
N-SSD-0 159 369 1,060 691 - - 1.11
NF-SSD-0 159 258 1,060 691 - 75 1.11
N-SSD-30 159 369 742 691 273 - 1.11
NF-SSD-30 159 258 742 691 273 75 1.11
N-SSD-100 159 369 - 691 911 1.11
NF-SSD-100 | 159 258 - 691 911 75 1.11
N-OD-100 159 369 - 691 911 - 1.11
H-SSD-0 159 495 1,034 614 - - 495
H-SSD-30 159 495 724 614 266 - 495
H-SSD-100 159 495 - 614 888 - 495
HF-SSD-100 | 159 347 - 614 888 101 495
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Table 6 Test results of slump and flow curve

N-SSD-0 N-SSD-30 N-SSD-100 NF-SSD-0 NF-SSD-30 NF-SSD-100
Slump (mm) 77 88 131 116 182 190
Yield stress (Pa) 1,180 833 619 1,016 780 590
Plastic viscosity (Pa.s) 21.4 86.3 75.5 27.8 10.0 322
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Fig. 7 The relative values of slump and yield stress based
on N-SSD-0
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Fig. 8 Compressive strength (design strength: 24 MPa)

Fig. 9 Compressive strength (design strength: 40 MPa)
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