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This is an experimental study for recycling coal ash left over from coal use as a potential fine aggregate in concrete. Coal ash is
generally divided into either fly ash or bottom ash. Fly ash has been utilized as a substitution material for cement in concrete mixes. On
the other hand, bottom ash has the problem of low recycling rates, and thus it has been primarily reclaimed. This study partially
substituted fine concrete aggregates with bottom ash to increase its application rate and therefore its recycling rate; its suitability for
this purpose was confirmed. The concrete’s workability dropped noticeably with increasing bottom ash content when a fixed
water-cement ratio of concrete mix was used. Thus, concrete mixes with higher ratio levels are required. To address this problem,
concrete was mixed using a polycarboxylate high-range water reducing agent. The fluidity and air entrainment immediately after
mixing the concrete and 1 h after mixing were measured, thereby replicating the time concrete is placed in the field when produced
either in a ready-mixed concrete or in a batch plant. As a result of this research, the workability and air entrainment were maintained 1
h after mixing for a concrete mixture with approximately 30% of its fine concrete aggregates substituted with the bottom ash. A slight
drop in compression strength was seen; however, this confirmed that potential of using bottom ash as a fine aggregate in concrete.
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MY BAZO| HERS S2istn T, BAS TAME A 5 ZEES Ysto] T S AIEIS Table 10 LIENKYT 22
3|9 HEES 70%= oI AHLXS 2Hsk= LT2/AO] 2|EQ| HiEIARIS Table 20f LIEHAICE
MEFS|O] XER XIS =25t QCHMinistry of Environment, ASL = 3H2 LEF0] AAIBIR D 15 Ao Me BHE
2013; 2009). OfAIS] XI2H0f THE REd MolE 2iI6t7| flot SARIEH=
MTIZ0i M= 0[0] o4 E HRE MRS XM Ee= 40%, sfetesid= AMEC 1%2 1Fsto] HiE ofiAlQ] XIgts
TR Siere Sts| ZIstsin QoD QRS 42 A 2 10% HIPY BJHAZON 2x] 92 238|E0 RES4I
B39 MEEE0] 86%01 0121, Y=2O| ZF 81% HE=0|Ch B 2 232|EQ| U=UE EHE HESIAUCL HIE 0jAIS 30%
T L] 2 HZ=0f HIE oflA| THE=E0]| O|X[X| R5lL A ol xlgte 2% 232|EQ| EfE0| E0[6HX| ¢ =2 &4
O, HIE OftA| Z=20f et Sit= HIE OHAIE AIE3E 22E(29) ol 28I RO | =0l X[ete 30%01:4e E232|E= HMA
EM(Song et al,, 2003), HIH OHAIS ZEEMLt Z2F7 2232
E0fl AFZat7| e H5HJo et al,, 2004; Kim, 2009a; 2009p) %! Table 1. Experimental plan
EEE= =3 2= 5t -
ZH2EE ZMZE AkZst7| et HFHChoi et al, 2003; Lee et Factor Levels
al,, 2002) 50| Y& T SO[Lt HiE OHAIE 232|EQ] TS| W/C (%) 40
EM 28517 flet #EH ¢7l= 0l5et AFoICh S210] OfAlQ) Ist Target Air (%) 4.5¢15
A9 WHBEO| 0l F71511 UL, HHE 0fAle] B2 CHEY est Bottom-ash 0 0 | 2
o EANS X[ 9l0] £© SAST} x| 04 :5 E\E =0 replacement ratio (%)
ol =4d= il =y =NL ST T ;
= === - W/C (%) Adjustments to ensure slump
o| &l Iy | EXF E0| ootst xAH T 9)7] o2
ot S25t A7 0|20 M0F & Zdo2 TEt=Irt M2ty 2 /1hr after Mixing
A0 M= HiE Aete 70 e Fsd Motel 2HE 2nd | Target Slump (mm) 45£15
] ~ ~ _ Test /1hr after Mixing
= SAHEL|S] 2HS Soll E2AotXteId L 232ES| U=
) i 7 AD Manufacturers S
2 SN2 SISO, 2A2E MM 5 FAMEE n2ist F— T T |
Of Bl 3 1AZI7R] 2X| 242 232|ENMS HolstoR M bl replacement ratio (%)
E OfAlQ] 232|E SR0| Ui AXIX X[22 HAIGI DA} S} W/C (%) Adjustments to ensure slump
Target Slump (mm)
+
/1hr after Mixing 10020
2 lAEIB=-|7:"§! -AEIB&IE’:I'E' 3rd Target Slump (mm) 45515
Test /1hr after Mixing T
21 Jél@ 7:" i_! Hng AD Manufacturers K
Bottom-ash
o o 0 10 | 20 30
2 A= HIE OfAIE Z232|EL FHEMZ &5 ¢ replacement ratio (%)
Table 2. Mix proportions
W/C Aiming Slum p Water Content Unit Weight (kg/m’) AD AE
Factor 3 S/a (%)
(%) (mm) (kg/m”) C B/A S G (%xC) | (%xAD)
1-BA00 40.0 0.0 768.5 1.0 1.1
1-BA10 40.0 163.0 62.0 691.5 954.5 1.0 2.5
1-BA20 40.0 124.0 614.5 1.0 4.5
2-BA10 42.5 173.0 61.5 681.0 940.0 1.0 2.5
2-BA20 43.5 177.0 121.5 601.5 934.0 1.0 3.2
2-BA30 | 445 10020 181.0 44 4070 g0 | 5230 | 9285 1.0 3.9
3-BA00 40.0 163.0 0.0 768.5 954.5 0.7 0.3
3-BA10 43.5 177.0 61.0 676.5 934.0 0.7 1.5
3-BA20 44.5 181.0 121.0 597.5 928.5 0.7 2.2
3-BA30 45.5 185.0 180.0 519.5 922.5 0.7 2.9
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Table 3. Physical properties of cement

Setting time (min)
Initial Final
3.15 3 280 0.06 221 361

Density (g/cm’)| Blaine (cm’/g) |Stability (%)
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Table 4. Chemical composition of bottom ash

(wt%)

Al,0, | SiO, | Fe,0,| CaO | MgO | Tio, | K0 | Na,0
247 | 491 | 98 | 96 | 1.1 | 0.88 | 096 | 0.81

Passing ratio(%)
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Pan No.100 No.50 No.30 No. 16 No. 8 No. 4 10mm

Fig. 1. Grading curve of the bottom ash

=2 A0 ARE MBI= U 261g/cm o] IH
DS ME5IOH, RS B AT X4 25mm, Y= 2,59

o/cmQl AL SIUQUEl Ha XS ALE5ICH

= GPoME 12 2R SAIM HzE Z27te=
YrHE Mo, 3l Aol KAt 227
A

=
o
2R 1gs drHE AZolden HEet S7[Ads 9o

f
t

232|=0] B2 82 1000 ©f ZRAI HEL UAE AIS3H
oD Bl A ARIE, 2B, OB, HiE 0fAIS S5t
0f 218S 0% ot A3t 3 21 DS A4TE EUst0]

=
4 3 6020] x| g2 EdelE0| 2T

MEIQICH 2t ZXZIS 2512 EX510] T}

BE BAIR= KS F 24030 5101 HABIZOH, B10X200m
o 3|2 HEBH0! 12 $ LEBID 23+2T 0] £F0IN MGt

Of 2t R USUTE SHoIGT YRYEE KS F 24050]

r
1o
b
i
HO
g}
N
=
~
[
O
o
—
3
ol



3. &= Znt o nH
3.1 HHE OfA| =g =xHel Y=

Fig. 2~40] HIE OHAIS 2k2k ZHE7HS] 10, 20, 30%

X |25t

S8 2e| Y= LIEHAUCE Fig. 101 LIEF HieF 20| HIE
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OL} HIE OHAIS ZHETH0| L2 XIge 3¢ H& (=220 H
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of Ha 22fiLt MIEo] Slsh DIZE2] 80| HoiXl= MAAL S
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100 ———
80 7 : L
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g e
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O { ! \ ! !
Pan No.100  No. 50 No. 30 No. 16 No. 8 No. 4 10mm

Fig 2. Grading curve of the mixed aggregate (B/A 10%)
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Fig. 3. Grading curve of the mixed aggregate (B/A 20%)
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Fig. 4. Grading curve of the mixed aggregate (B/A 30%)
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Table 5. Slump and air content

Slump (mm) Air (%)
Factor
Omin | 30min | 60min | Omin | 30min | 60min

1-BA0OO 90 75 60 4.2 2 1.7

1-BA10 55 55 30 4.6 2.5 2.5

1-BA20 25 25 20 4.0 2.9 2.5

2-BA10 120 115 110 7.8 5.8 4.4

2-BA20 140 110 110 6.6 5.0 3.8

2-BA30 110 95 85 6.5 4.7 3.3

3-BA00 130 80 50 6.2 4.1 3.3

3-BA10 170 105 90 7.0 5.6 5.0

3-BA20 180 110 90 6.4 4.8 4.1

3-BA30 145 105 85 7.0 5.5 4.1
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Fig. 5. Slump and air content of 1st Test

Air(%)

0
60 (mins)

Air(%)

Air(%)

200 [7777] BA0% slump
i BA10% slump r
A30% slump [
160 — A0% Air L
—A— BA10% Air L
—l- BA20% Air
| —@— BA30% Air E
120 — 7 - j
| é/ Y -
80 — /
| o
/
] .
| [,
40 — %
/ i
o i
0 30 60 0 30 60 mins
B/A 0% B/A10% B/A20% B/A 30%
Fig. 6. Slump and air content of 2rd Test
200 8
1 —7
160 —
— 6
120 — ~*
| % L4
80 — V L,
4 BA10% slump
55555 BA20% slump
w0 | BA30% stump | | 2
—— BA10% Air
4 —l- BA20% Air —1
—4— BA30% Air
0 77 0
0 30 60 0 30 60 ins)

B/A 0% B/A10%

B/A20%

Fig. 7. Slump and air content of 3rd Test

0 min:
B/A30%

=
oo
f=}
>
uu
rH
]
o
|m
]
18]
=
Hu
_>':
0o
ol
<
40
rot
Mok
00
0z
=)

Compressive Strength(MPa)

Compressive Strength(MPa)

Compressive Strength(MPa)

60 |—
50 —
40—
—@— 1-BA0O

30 =
—A—— 1-BAI0
— - 1-BA20
20 L1 | |
03 7 28 91

Age(days)

Fig. 8. Compressive strength of 1st Test
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Fig. 9. Compressive strength of 2rd Test
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Fig. 10. Compressive strength of 3rd Test
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