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Abstract Most of the bottom ash generated from thermal power plants is landfilled, resulting in a
shortage of landfill sites and environmental problems. In addition, a shortage of sand is causing many
setbacks in the construction process. Hence, this study developed an admixture to increase the strength
of concrete by replacing sand with bottom ash. Inorganic admixture B developed in this study satisfied
the compressive strength requirement with 7 and 28 days of aging. In addition, when inorganic
admixture B was used for secondary concrete products, the compressive strength was stably satisfied
even at a 50% replacement rate of sand and bottom ash. Admixture B developed is estimated to expand
the scope of bottom ash recycling. This expansion is possible by preventing premature and design
strength deteriorations due to increased water content per unit volume of concrete mixed with bottom

ash.
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(b) Bottom ash site loading

(a) Bottom ash powder

Fig. 1. Bottom Ash used in the Experiment
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Fig. 2. Bottom ash Particle Size Analysis
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Table 1. Chemical and Physical Composition of Bottom Ash

compo. SiO, AlLO3 Fe,0s TiO, CaO MgO Na,O K20 P20s MnO
quzlz)“w 60.5 24.0 459 1.16 1.71 0.90 0.97 0.79 0.21 0.06
compo. V205 SrO 7rO2 BaO Li2O Cr203 CeO, SOs LOI Sum
quzlz)“w 0.04 0.09 0.07 0.11 0.02 0.01 0.02 0.27 441 99.93

Table 2. Mix Proportion of Concrete

ltem Cement Sand Bottom Ash Gravel Admixture Water W/C Rate Slump Substitution Rate
(kg/m’) | (ke/m) (kg/m’) (kg/m’) (kg/m’) (kg/m’) (%) (mm) %)

Plain 320 880 0 935 0.0 170 53.12 220 -

N-1 320 616 264 935 4.8 170 53.12 195 30

N-2 320 440 440 935 4.8 170 53.12 160 50

N-3 320 264 616 935 4.8 170 53.12 140 70
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Table 3. Physical properties of ordinary portland

cement
Compressive
) Setting time strength
Density | fineness Stability (MPa)
(g/cm?’) 2 (%)
& (em™/8) [ iial | final 3| 7 | 28
(min) | (hr) (day) | (day) | (day)
3.15 2,800 60 10 0.8 12.5 | 22.5 | 42.5

Table 4. Physical properties of used sand

Granularity Surface X .
5~6mm Pass| Assembly dry Absorption Basml'ty
rate rate Density r%te (CaOo/ Si02)
(%) (g/cms) (A)) (A))
97 2.38 3.28 1.18 1.79

Table 5. Physical properties of used gravel
(Coarse Aggregate:25mm)

Granularity Surface Absorption Basicity

25mm Pass | Assembly dry .
rate rate Density rz;.te (CaOo/ $i02)
00 wem) | W ©
100 6.89 2.67 0.91 0.0

(a) compressive shape

Fig. 3. Compressive Strength Test

(b) failure shape

Table 6. Average Compressive Strength according to
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Fig. 4. Comparison of Compressive Strength
according to the Substitution rate of Fine
Aggregate of Specimens
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Table 7. Values of Constants from Egs.(1)

Substitution Rate(curing age:7day,
compressive strength:18.99MPa)
Plain N-1 N-2 N-3
(MPa) (MPa) (MPa) (MPa)
1 19.9 1 16.6 1 14.4 1 10.9
2 18.8 2 16.8 2 14.3 2 10.1
3 19.9 3 17.4 3 15.1 3 12.2
Ave 19.5 Ave. 16.9 | Ave. 14.6 | Ave. 11.1

Type of curing Cement Constants
Type a ﬂ
I 4.0 0.85
Moist cured
il 2.3 0.92
I 1.0 0.95
Steam cured
il 0.70 0.98
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Ist reaction tank 2nd reaction tank 3rd reaction tank

Water : 50.0kg
Metakaolin : 2.0kg
Lithium hydroxide : 5.0kg

Water : 50.0kg
Metallurgical grade silicon :
2.0kg

Catalyst = 0.01kg

Sodium hydroxide : 5.0kg

Water : 50.0kg
ilica fume : 2.0kg

Catalyst : 0.01kg
Potassium hydroxide : 5.0kg

Polycarboxlate :15.0kg
Air-entraning :2.0kg

Poly Naphthalene Sulfonate :
15.0kg

Fig. 5. Developed Admixture Manufacturing Process

(a) materials of admixture (b) reaction tank

Fig. 6. Admixtures used in the Experiment
(Naphthalene Series, Inorganic A(Melamine
Series) and Inorganic B from Left Side)

Fig. 7. Admixtures used in the Experiment
(Naphthalene Series, Inorganic A(Melamine
Series) and Inorganic B from Left Side)
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Table 8. Mix Proportion of Concrete

Item Cement Sand Bottom Ash Gravel Admixture Water W/C Rate Slump Substitution Rate
(kg/m>) | (kg/m’) (kg/m®) (kg/m?) (kg/m?) (kg/m’) () (mm) %)

Plain 320 880 0 935 0.0 170 53.12 210 -

NP 320 440 440 935 4.8 170 53.12 165 50

I-A 320 440 440 935 4.8 170 53.12 185 50

I-B 320 440 440 935 4.8 170 53.12 200 50

A 2890 4% dFA= Ade SAA NP7}
AAFES TS Foke 202 SHHAL SAIA
[-AE= ;(Heg 74 O]'Z7J'E—~ u]—&o].x] B3 ].Oﬂ 014- XHE:]
289 AP == WS wEb 1S5 B7F &
7IESHA ARG F H PPAoR YSEEE Edcte
AOE WriEle] F7|E5H] BE vhEAR wigke 2

FBE 22} AlFO] AHEE 5 e o= TEEII.

bt

Fig. 8. Production of 6 Specimens in Each Case
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Table 9. Average Compressive Strength according to
Substitution Rate(curing age:7day, Z32|E 2X HZ0| st &e=ZLT AN
compressive strength:18.99MPa)

A YA A ST E 22 AF AAAAA Q] A4t
3 ol-gsto] AdE Rk Bet mefje} |
A2 247 0%, 50% 12|11 70%E St Table
81} o] Higstol EATE 27 A& =TS At
Sieith. 2 Ao St ZAYEY AdSAEE
3 23.9 3 16.4 3 18.5 3 22.4 AN 7493} Ay 28Y0] s Hrl6Heich AHEE 1=
RERE AHEZS AL319ItE Table 119 Lebd A
3} Zo] P-1 #ighZ Hefioll gt viglofAlY] X|ghgo]
50%°19, P-2 vg-2 Zefjoll thgh HiglofA| o] X|&hEo]

Table 9°flAet ol A 289 AFALE 27MPacll  7gyolct. w3t Plain wighch P-1, P-29] HFElojAl<]
gt A 79 Ak 18.99MPags WSS FAAE 2ggo] Zstng 278544 BS 27 5.4g/m°H
Plain¥} [-BQl 0= =9It of#f2] Table 102 wyglstqict,

ZF ZAAC] A 289 BEE S5t UER T

Plain(MPa) NP(MPa) [-A(MPa) [-B(MPa)

>

1 23.2 1 16.7 1 17.9 1 21.7

2 22.7 2 15.2 2 17.6 2 21.4

Ave. 23.3 Ave. 16.1 Ave. 18.0 | Ave. 21.8

Table 10. Average Compressive Strength according to
Substitution Rate

Plain NP I-A I-B
(MPa) (MPa) (MPa) (MPa)

1 38.5 1 21.9 1 275 1 30.0

2 35.5 2 21.4 2 30.2 2 34.9

3 37.3 3 28.8 3 31.8 3 32.7

(a) Hopper Feeder (b) Puring Concrete

Ave. 37.1 Ave. 24.0 Ave. 29.8 Ave. 32.5
Ve Ve ve Ve Fig. 9. Concrete Product Manufacturing
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Table 11. Mix Proportion of Concrete Products

Item Cement Sand B(X;Em Gravel Cgl;iljd Admixture Water W/C Rate Slump | Substitution Rate
3 3 3 3 3 0 o
(kg/m) | (kg/m’) (kg/m®) (kg/m) (kg/m®) (g/m) (kg/m’) %) (mm) %)
Plain 360 450 0.0 1,030 270 0.0 170 47.22 200 -
P-1 360 225 225 1,030 270 5.4 170 47.22 210 50
P-2 360 135 315 1,030 270 5.4 170 47.22 185 70
40 30
35 70
30 60 g
T s s0 £
2 =
;DEH 20 40 %
g5 30 3
10 20 V?\
5 10
(a) Failure Shape of Specimen ’ Plan P P2 °
—e—Ctrength(Tday)  =—ee=Strength(28day)  —eeSubstitution rate
Fig. 11. Comparison of Compressive Strength

S

(b) Concrete secondary finished product

Fig. 10. Test and Manufacturing of Concrete Product
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Table 12. Average Compressive Strength according

to Substitution Rate(curing age:7day,
compressive strength:18.99MPa)
Plain P-1 P-2
(MPa) (MPa) (MPa)
1 23.6 1 21.7 1 17.5
2 22.9 2 21.5 2 17.8
3 23.4 3 21.6 3 18.2
Ave. 23.3 Ave. 21.6 Ave. 17.8
Table 13. Average Compressive Strength according
to Substitution Rate(curing age:28day)
Plain P-1 P-2
(MPa) (MPa) (MPa)
1 33.2 1 31.0 1 26.7
2 36.0 2 32.3 2 26.6
3 37.2 3 31.9 3 28.1
Ave. 35.5 Ave. 31.7 Ave. 27.1
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according to the Replacement rate of Fine
Aggregate of Specimens
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