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Flexural Properties of Concrete Pavement with Fly Ash Replacement of 40%

Incorporating Limestone Powder

by

Yuya TOKIKUNI *, Sayaka UENO *, Yuta USHIO *,

Sunao FUKUMOTO ** and Isamu YOSHITAKE ***

Thermal power plant has occupied 90% of electric power supply after the earthquake disaster in Japan. Hence
amount of coal-ash has increased gradually. Coal-ash, especially fly-ash, should be used for civil infrastructures, and
concrete pavement must be a typical application using fly-ash. Fly-ash is a pozzolanic material, so it can contribute to
various properties, such as strength development at mature age. The strength development at early age, however, is
significantly slow and may negatively affect traffic service. Early strength may be improved when limestone filler is
mixed in fly-ash concrete. In addition, the fly-ash concrete made with limestone aggregate may be recyclable as raw
material for cement production. This study aims at developing the fly-ash pavement concrete which can make a traffic
opening early and can be recycled. The paper describes the flexural strength properties of pavement concrete made
with fly-ash of 40% replacement of cement. The result indicates the flexural strength at early age can be improved by
using limestone filler, and assures sufficient strength development for traffic service at age of 2 days. In addition, the
report shows flexural fatigue strength of the fly-ash pavement concrete is equal to or higher than the durability of

conventional concrete pavement.
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Table 1 Properties of fly ash.

SiO, 60.9%
Moisture content 0.1%
Density 2.16g/cm’
Blaine fineness 3380cm?/g
28-day strength factor 83%
91-day strength factor 97%
Percentage of flow 101%
MB absorption 0.33mg/g
Ig.loss 2.6%

Table 2 Properties of limestone powder.

Ig.loss 43.75%

CaO 55.62%

SiO, 0.09%

Al O, 0.01%

Fe,04 0.01%

MgO 0.35%
Density 2.70g/cm’
Blaine fineness 5000cm*/g

Table 3 Mixture proportions.

No 1(4) 2 3
FAlem 0.40 0.00 0.40
w/em 0.33 0.33 0.33
W (kg/m*) 110 110 110
C (kg/m®) 200 334 200
FA (kg/m®) 134 0 174
LP (kg/m?) 50 50 0
S (kg/m?) 820 843 820
G (kg/m?) 1033 1062 1033
sp (kg/m’) 4.01 4.68 3.34
AE (kg/m®) 1.20 1.23 2.00

[Note] cm: cementitious material (=C+FA4)
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Fig.2 Flexural strength of HVFA concrete made with HPC/OPC.
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Fig.5 Flexural strength prediction formula (age of 1-7 days).

Table 4 Regression and correlation coefficients (age of 1-7 days).

No. C R

No.1 0.644 0.997
No.2 0.737 0.999
No.3 0.520 0.996
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Table 5 Flexural fatigue test results.

S r N P(N)
1 96 0.889

2 239 0.778

3 288 0.667

0.88 4 421 0.556
5 824 0.444

6 852 0.333

7 3735 0.222

8 10260 0.111

1 540 0.875

2 959 0.750

3 1667 0.625

0.83 4 3477 0.500
5 7009 0.375

6 15336 0.250

7 118443 0.125

1 3215 0.889

2 6149 0.778

3 13738 0.667

0.78 4 17922 0.556
5 46411 0.444

6 105376 0.333

7 173360 0.222

8 308666 0.111

1 674899 0.857

2 754800 0.714

0.73 3 839399 0.571
4 | 2000000 0.429

5 | 2000000 N/A

1 249379 0.800

0.67 2 | 2000000 0.600
3| 2000000 N/A
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Fig.6 Fatigue test results.
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Table 6  Fatigue strength and S-N curves.

Concrete Authors S-N curve Fatigue limit*
HVFA Concrete The present study 5=-0.04310gN+0.983 0.71
HVFA Concrete Kato et al. §5=-0.065log/V+1.084 0.68

Normal Concrete Koyanagawa et al. §=-0.064logN+1.113 0.71

*: at 2 million cycles
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