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An Experimental Study on the Mix Properties
of Concrete Pavement Incorporating Fly—Ash

Lee, Joo-Hyung' - Choi, Seong-Yung™ - Yun, Kyong-Ku™ - Jung, Young-Hwa™"

ABSTRACT

As the weight of trucks increases, the need for concrete pavement also increases. Therefore, the
addition of fly-ash may improve the properties of pavement concrete as well as recycle fly-ash.

A full factorial experiment was performed using the primary variables, such as water-cement
ratio, fly—ash substitution ratio, and maximum size of coarse aggregate, as a preliminary study for
optimum mixture design for pavement concrete.

The results of preliminary study indicates that the addition of fly-ash is the most important
factor determining concrete strength, followed by the maximum size of coarse aggregate and water
-cement ratio. It, also, shows the relative importance of fly-ash substitution ratio, compared to the
water-cement ratio, and the interaction effects between the primary variables.

Optimum mixture designs for pavement concrete incorporating fly-ash, that satisfied the target
responses, were proposed in terms of fly-ash substitution ratio, water cement ratio and maximum
size of coarse aggregate.
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Table 1. Chemical Properties of Fly Ash

( Unit : % )
Si0; | AliO3|FexQs| TiO2| MnO | Ca0 | MgO {K20{Naz0 { P05 | L.O.I
474113023 | 468

1781 0.04 | 054 | 0.68 [3.66) 0.01 |0.21]1028

22 2H

FoFAe A9E £ AYdA AidEHe I
x4 20mm¢! A4 3 FAXAF 30mm, 40mmel
BAALE ARL3Ra, FEFAE FHE FTHY F
Aol AAT QG FRHAE o &t

A9 83 AAL Table 29 YeElY U,
AN7e NP AHE Figure 13 Zrh

Table 2. Physical Properties of Aggregates

Coarse | Coarse | Coarse | Fine

Classification Agg. Agg. Agg. Agg.

River | River |Crushed| River

Stone | Stone | Stone | Sand

Size(mm) <40 <30 <20 <5

specific | o0y | 265 | 261 | 261
Gravity

Absorption(%) |  1.08 0.67 0.67 0.87
Fineness

Modulus 7.41 7.18 6.60 2.52

Grain-size Accumuiation Curve

Percent Passing by Weight (%)

Grain Diameter (mm)

Figure 1. Graduation of Aggregates Used
23 AMHE % AEA
Y HA} AEQ BE TEWE ANUEE A}
gatgen, 3atx 2 Eg% 4FL Table 33%
Figa s

Table 3. Chemical and Physical Properties of
Normal Portland Cement

Si0;| Al2O3| FeoO3 |CaO|MgO| SOz | Specfic Finepess
%) (%) | (%) |(96)| (%) | (%) |Gravity| (cm%/g)
208 63 | 32 (612133123 315 3200
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Table 5. Full Factorial Experimental Design

2 / A+C
W/ to 50
C

Gowx 40 50 | 40 50

20 A, o 1 b

10 2 8, 3

% FA/AFA+C) : A HEd Zgtoldla] X3h&(%)
W/C : B-ANUEY], G @ FH-F A HA 5 (mm)

saaERe] F8 WiE Seholdjel AW
Eze £308, 2-AUEN, FeIA HAH S
2 a9t 23gEy WAL Table 63 2
o] BFHaA el 4YS HPFH

Table 6. Mixing Design of Concrete
Unit (kg/m®)

oRrng A| B| C|Water|Cement {FlyAsh ig: szr;e
@ |50140]20] 140 | 175 | 175 | 729 | 1117
@ 110|40|40| 115 | 259 29 | 607 | 1355
® |50[40{40| 115 | 144 | 144 | 607 | 1355
@ 110{40|20; 140 | 315 35 17291 1117
® |10(50|20] 140 | 252 28 | 787 | 1117
® |50|50(20| 140 | 140 | 140 | 787 | 1117
@ |50|50{40] 115 | 115 | 115 | 655 | 1365
10]150|40( 115 | 207 23 | 655 | 1355

% A 1 FlyAsh/(FlyAsh+Cement) (%), B : W/C (%),
C : Maximum Size of Coarse Aggregate (mm)
23aE ¥PNE 7HAEA IAE AEsle] F&
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e 150%x300mm YEFAA 3788 ZF Order ¥ 2
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Figure 2. Effect of FA/(FA+Cement) to
Flexural Strength
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Figure 3. Effect of W/C to Flexural Strength
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Table 7. Strength Test Result of Specimen

Flexural Strength Compressive Strength
cgggr Al B | C (ke/cr) (kg/cr)
Mean (Std. Dev) Mean (Std. Dev)
. | | - [s330 | 430 | 3420 17698 | 20626 | 146.42
36.60(4.05) 176.55(24.43)
) ], %39 | sar | s 20259 | 11148 | 11940
37.88(0.86) 144.49(41.21)
; |, s | e | 212 11092 | 13582 | 10073
22.15(3.09) 115.82(14.74)
. ] [ s | 620 | 5175 24319 | 21772 | 19863
56.40(3.86) 219,85(18.25)
- L] [s040 | 4365 | 4140 22536 | 17825 | 22536
45.15(3.82) 209.66(22.21)
) L, | L [0 | 2340 [ 2700 10568 | 8276 | 831
25.50(1.53) 91.25(10.26)
; L, [e [ s | 173 6061 | 78090 | 7017
17.17(0.29) 72.62(3.87)
. L, 2760 | 3066 | 2351 9507 | 11318 | 16298
27.26(2.93) 123.74(28.71)
¥ A FlyAsh/(FlyAsh+Cement), B : W/C, C : Maximum Size of Coarse Aggregat
% - :LOW, +:HIGH
Table 8. Analysis of Variance of the Strength Test Result
Source Sum-of-squares DF Mean-Square F-Ratio P
A’ 532.521612 1 532.521612 4879 0.0692
B 180.025313 1 180.025313 1.072 0.3403
Flexural C 437.932012 1 437.932012 3.506 0.1103
Strength AXB 4190512 1 4190612 0.021 0.8889
(ke/cri) AXC 23222113 1 23222113 0.120 0.7412
BXC 5695313 1 5.695313 0.029 0.8706
Error 27158.13607 16 1697.383504
A 7290.281250 1 7290281250 3.387 0.1153
B 3177.639200 1 3177639200 1.120 0.3307
Compressive C 7238451200 1 7238.451200 3.349 0.1170
Strength AXB 1189.744200 1 1189.744200 0.375 0.5626
(ke/cr) AXC 838.860800 1 838.860800 0.260 0.6284
BxC 124.346450 1 124.346450 0.037 0.8535
Error 12850.16327 16 803.135204

= gtatistically significant
Foi 1,6 = 3.78 < Fo
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Table 9. Optimum Experimental Design

Fy
F+C

¥/ 10 20 30

aax 40 |45 |50 |40 | 45| 50 | 40 | 45 50
20 | @ ) @ @
m Gl
0 |6 @ | ® ®

¥ FA/(FA+C) @ A|HEe] Zelolof4] 2] 8&(%)
W/C . %_)‘]@EHL Gmax : %%%ZHZ]W?]-T*(mnl)
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Table 10. Experimental Concrete Mix Design
for Optimization
Unit(kg/m’)
Run Fine | Coarse
A | B | C |Water|Cement|FlyAsh

order Agg.| Agg.
@ |10]{40|20} 140 { 315 | 35 |733] 1117
@ |30]40(20] 140 | 245 | 105 | 733 ] 1117
@ [10{50[20( 140 | 252 | 28 | 761 | 1117
@ |30]50[{20] 140 | 196 | 84 |761 | 1117
® (104040 115 | 259 | 29 |607 1355
® [30{40{40] 115 | 201 86 | 607 | 1355
@ 11015040 115 | 207 | 23 [655| 1355
30|50[40| 1151 161 69 | 655 | 1355
@ |20145]1301 120 | 213 | 53 |620 | 1372
@ [20]45130] 120 | 213 | 53 |620] 1372
@ 12014530 120 | 213 | B3 |620 | 1372
@ [20]|45[30] 120 | 213 | 53 [620 [ 1372
¥ A FlyAsh/(FlyAsh+Cement), B : W/C,

C : Maximum Size of Coarse Aggregat

AgaAE 150X 150X 530mme W F Al A 9
¢ 150X 300mm ¥%5¥ FTAAE Zt run order¥
2 370 AFstgoen, Az AFAE AA
24AN 7t SAF & F¥ele] 2312TC _RERE EE
T Hrg-S a#Este 569 F9 FEFAE A
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Table 11. Optimization Experimental Design and Test Results
Run Flexural Strength Compressive Strength
A| B |C (kg/ci) (kg/ert)
order Mean(Std. Dev) Mean(Std. Dev)
T | 6420 63.17 296,54 284,07 250.6
62.08 (2.30) 280.07 (15.34)
A Y | 5275 5193 25540 | 26766 273.14
54.72 (3.38) 265.40 (7.42)
g | = | 4 | - 5397 | 5827 | 5132 24390 | 21334 | 27728
5452 (2.86) 244.84 (26.11)
s e L] 5132 | 5152 | 50.09 18844 | 16580 | 18674
5098 (0.63) 180.33 (10.30)
s |- - . 4559 | 4907 | 5193 20259 | 24955 192.97
48,86 (259) 215.04 (24.72)
6 | 4 | - | . |34 | 4457 | 4123 15053 | 16977 | 12959
42.19 (5.36) 149.96 (16.41)
;|| . [ %698 | 3660 | 3169 11544 | 17882 135,51
34.76 (2.18) 143.26 (26.46)
e | - | .|, Lz& | 2160 28.21 13751 | 11091 92.24
27.87 (0.25) 11355 (1858)
o ol ol o [0 | 4 38.23 166.15 160.15 166.94
39.87 (1.65) 164.68 (3.04)
0 lol ol o L4314 4498 42,52 025.22 197.49 198.06
4355 (1.04) 206.92 (12.94)
q o | ol o [3688 | 4048 39.25 15019 | 13038 | 17052
38.87 (1.49) 153.36_(12.91)
o 1ol ol o L3828 | %2 | 3803 15974 | 14148 | 15701
3850 (0.53) 152.74 (8.04)

% A : FlyAsh/(FlyAsh+Cement), B : W/C, C : Maximum Size of Coarse Aggregate
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Table 12. Optimization Range of Target Responses

Flexural Strength | Compressive Strength
( kg/em® ) ( kg/cm® )
45 < 180 ~ 225
50 < 200 ~ 250
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Figure 13. Optimization Plot of Target Flexural Strength
[45kg/cm’ , FlyAsh/(FlyAsh+Cement) = 10%]
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Figure 14. Optimization Plot of Target Flexural Strength
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Figure 16. Optimization Plot of Target Flexural Strength
[50kg/cm® , FlyAsh/(FlyAsh+Cement) = 20%]
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Figure 18, Optimization Plot of Target Flexural Strength
(50kg/cm® , FlyAsh/(FlyAsh+Cement) = 30%)
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