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An experimental study on mix design for flowable fill
with high volume fly ash content
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Abstract
This paper presents results of research performed to identify optimum mix
proportions for production of flowable fill with high volume fly ash content. The
fly ash used in this study met the requirements of KS L 5405 and ASTM C
618 for Class F material. Tests were carried out on concrete designed to have
10~15kg/cm2 compressive strength at the 28-day age with fly ash contents of
approximately 280kg/m”. Slump was held at 25*1cm for all mixtures produced
compressive strengths at 28 days were found to range from 5.03 to 13.69kg/cm®.
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[Table 1] Chemical and physical properties of cement

F2E o] = G A= & % % = (kg/em?)
(cm%/g) © (%) 39 79 28
3,488 3.15 0.08 224 308 404
ZAEAe FRHAE ARG en, FEAE ZH/E [Table 2] o

[Table 2] Properties of fine aggregate
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% 29 ¢ 580 |99 ky/m)
A4 | F A|Z2RY
2587 | 2.604 2.63 2.99 0.67 - 1,624
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{Table 3] Physical properties of fly ash

5 A Fes % | AIze
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T 2 (cm*/g) (%) (%)
BalE e AL 2.34 3700 0.13 3,07
KS L 5405 195 o] 4 2,400 °] 4 10 o} & 6.0 ol
A5m e |
ASTM C 618 - fm e e 50 o] s 6.0 o3t
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[Table 4] Chemical properties of fly ash (29:%)

gl & A B
:IL B SiOz Aleg Fezos CaO MgO NazO SOB
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[Table 5] Factorial Design of experiments (&9 :kg/m®)
ou] Ay B 4
=} FE A A 3 AR FE| A 5 n
AHE 40 50 Al E 50 70
Zato] o 200 240 Zale] oA 240 280
23 1400 1600 29 1400
= 319 E 319

3.492% ¢ 1%
LHEFAAN uAg d3 £ FVBAE BN e [Table 6] % [Table
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[Table 6] Pretest results
No AW E |Fly ash| =& = 289 4EAT 0T | TV HF BT F
| (kg/m®) | (kg/m®) | (kg/m®) | (kg/m®) | (kg/em®) (cm) | (%) | (kg/m’)
1 40 240 1400 3.78 24.6 1 1.915
2 50 200 1600 7.75 17 2.6 1.922
3 50 240 1600 6.24 20.4 1.65 1.945
4 50 200 1400 319 7.84 20.3 1.05 1.967
5 40 200 1400 4.05 21.2 0.75 1.945
6 40 240 1600 4,93 225 2.1 1.945
7 50 240 1400 9.4 257 '} 0.65 1.932
8 40 200 1600 3.78 17.7 1.6 1.947
[Table 7] Correlations between different material properties
GERE £3E 7% SAEE
daAF AWE 906+ -.114 097 115
o 057 T46%* -.117 -.360
2 -.146 - .624% 876+ .000
F28Eg AWE .001 394 409 393
(3%) ol 446 017 391 190
2 365 049 002 500
* PG DA, o oS FHI BA, =005 7IF
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[Fig. 1] Trends in Test Results
[Table 8] Primary test results
No /‘l‘%ﬂ% Fly as3h 24 B | BY AEAE | EHI | FVNH | GHFTF
| (kg/m®) | (kg/m®) | (kg/m®) | (kg/m®) | (kg/em®) | (cm) | (%) | (kg/m’)
1 60 288 12.8 26 0.35 2.11
2 50 240 6.44 24 0.34 212
3 50 280 5.24 255 0.3 2.095
4 60 260 6.95 24.2 0.39 2.1
5 60 260 7.96 24.7 04 2.097
6 60 260 791 25 0.35 2.119
7 70 240 1400 319 10.56 25.3 04 2.118
8 60 232 7.43 24.2 0.45 2.093
9 46 260 5.03 25 04 2.092
10 60 260 10.47 25.1 0.37 2.098
11 74 260 13.27 25.8 0.35 2.12
12 70 280 13.69 26.2 0.2 2.09
13 60 260 8.79 25 0.35 2.095
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[Table 9] Correlations between different material properties

HEZ=E oz | moaw | ge=
7%]_ 14%]_ 28% = et 07] ] ‘&HT“%
ABAASF  ANAE | 769+ | 828+ | 837+ | 463 | -.187 280
ek 393 332 329 731%x | -644% | -249
f988 AdE 001 .000 .000 056 270 177
(8+%) of + 092 134 136 002 .009 206
* YA FA, o w S AHI BA, =005 7|F
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