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Optimization of Flowable Fill with High Volume Fly Ash Content
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Abstract

The purpose of this study is to examine the uses of fly ash as a type of construction

material, This paper presents the 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. The flowable fill with high volume {fly ash content was investigated for strength

and flowability characteristics. Tests were carried out on flowable fill designed to have 1

0*=1L'-‘>kgf/cm2 compressive strength at 28 days with fly ash contents of approximately
260kgf/m3, Slump was held at 25+1cm for all mixtures produced to range from 5kef/cm’
to ltlkgf/cm2 compressive strengths at 28 days. To produce flowable fill with high volume

fly ash, first the influential variables were identified in an experimental study based on

factorial design, Among the proportioning variables investigated, cement. fly ash, and sand

contents were found to have statistically significant effect on strength and slump of
flowable fill. Subsequently, response surface analysis techniques were used to devise an

experimental program that helped determine the optimum combinations of the selected

influential variables based on material properties and cost. The optimized flowable fill were

then technically evaluated. It is shown that flowable fill has acceptable compressive

strength, slump flow, hardening time, and permeability.
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Table 1. Chemical and physical properties of cement

Compressive

Fineness | Specific |Stability strength(kef/cm?)

(em%/g) | gravity | (%)

3 days|7 days| 28 days
3,488 3.15 0.08 224 308 404

Initial setting time 231min

Final setting time 6h 47min
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Table 2. Properties of fine ageregate

Specific gravity Unit
5 [Fineness|Absorpsion weinglht
ulk | App-
modulus| (%)
Bulk (S8D)| arent (kgf/m?)
2.587 | 2.604 2.63 2.99 0.67 1,624
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Table 3. Physical and chemical properties of {ly ash

Specific Fineness | Water content | L.O.L
gravity (em/g) (%) (%)
2.34 3,700 0.13 3.07

Si0z | ALOs | FexOz| Ca0 | MgO | NayO | 8Os
(%) | (%) | (%) | (%) | (%) | (%) (%)

520 [2701| 393 | 785 | 1.92 | 0.58 013
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Table 4. Factorial mix design of pretest
(unit * kgf/m®)

Variable Level Low High
Cement 40 20
Fly Ash 200 240
Sand 1,400 1,600
Water 319
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Table 5. Pretest results

No Cement Fly ash Sand Water Cosrtr!l‘;;;j;ve Slump | Air content|Unit wejght
T (kgf/mY) | (kef/m®) | (kgf/m®) | (kegf/m®) . (cm) (%) (kgf/m’)
(kgf/em®)
1 40 240 1,400 3.78 246 1 1,915
2 50 200 1,600 7.75 17 26 1,922
3 50 240 1,600 6.24 204 1.65 1,945
4 50 200 1,400 319 7.84 20.3 1.05 1,967
5 40 200 1,400 405 21.2 0.75 1,945
6 40 240 1,600 493 22.5 21 1,945
7 50 240 1,400 9.40 25.7 0.65 1,932
8 40 200 1,600 3.78 17.7 16 1,947
Table 6. ANOVA for pretest results
Test results Source Sum of square DI Mean square F-Ratio P-value
A 26.975 1 26.975 21.246 010*
Compressive B .108 1 108 .085 785
strength C 702 1 702 553 498
(kgf/cm®) Etror 5.097 4 1.270
Total 32.863 7 4,695
A 551 1 551 1.033 .367
R 34031 1 34,031 63.759 0or*
Stlsr:)p c 27,011 1 27,011 50.607 002*
Error 2,135 4 534
Total 63.729 7 9.104
- A 3.1258-02 1 3.125E-02 182 602
o B 4.500E-02 1 4 500E-02 262 636
Al ((;%O:)‘t"’“t c 2531 1 2531 14.727 018*
Error 683 4 172
Total 3.295 7 471
A 2.450E-0b 1 2.450E-0b 218 722
N B 2.420E-04 1 2420E-04 2.151 381
U?gg fv/vzag)ht C 000 1 000 000 1.000
Error 1.599E-03 4 3.998E-04
Total 1.866E-03 7 2.665E-04
A : Cement, B : Fly ash, C ! Sand
*Statistically singnificant at the 95% level of confidence.
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Table 7. Mix design for optimization
(unit : kgf/m®)
Variable Level Low High
Cement a0 70
Fly Ash 240 280
Sand 1,400
Water 319
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Fig. 2. Interaction of cement and fly ash (A: Cement, B: Fly ash)
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Table 8. Primary test results

Fly ash (kgf/m®)

Fie. 3. Trends in primary test results

c , ;
Cement Fly ash Sand Water OmPpressive Slump Alr Unit weight
Noo V (kgt/m® | (ket/m®) | (kef/m®) | (kgt/m®) strength (em) | SRR em)
m
gt/m gy/m sv/m s/m (kgf/cm?) (%) &
1 60 288.3 128 2% 0.35 2,110
2 50 240 6.44 24 0.34 2,120
3 a0 280 5.24 255 0.3 2,095
4 60 260 6.95 242 0.39 2,100
5 60 260 796 247 04 2,097
6 &0 260 701 25 0.35 2119
7 70 240 1,400 319 10.56 253 04 2,118
8 60 2317 7.43 24.2 0.45 2,093
9 45.86 260 5.03 2% 0.4 2,092
10 60 260 1047 25.1 037 2,098
1 7414 260 1327 258 035 2120
12 70 280 13.69 26.2 0.2 2,090
13 60 260 8.79 25 0.35 2,095
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Fig. 4. Response surface analysis for optimization
Table 9. Uniaxial compressive strength
(unit : kgf/em?)
At demolding (48h) 3 days 7 days 14 days 28 days 56 days 91 days 180 days

2.77 411

6.36 9.63

11.36 18.8 1513 22,57
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Fig. 6. Uniaxial compressive strength
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Table 10. Properties of flowable fill
Setting Air Unit gl Slump
time(h) content | weight ( um)p flow
Initial | Final | (%) | (kgf/m® | " | (em)
18 45 1 2,100 25 5h
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Table 11. Permeability of flowable fill
(unit : cm/s)
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Fig. 7. Permeability of flowable fill

Table 12. Triaxial compressive strength
{unit * kgf/cm?)
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Fig. 8. Triaxial compressive strength
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