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Abstract Although more than 8 million tons of bottom ash has continuously been discharged, most of
it is reclaimed due to its irregular particle size, and physical and chemical disadvantages as compared
to fly ash. In this study, fine powder bottom ash was mixed with various admixtures and a uniaxial
compressive test was conducted on the mix to analyze the possibility of using it as a soil stabilization
material. The bottom ash was pulverized for 30 hours to obtain a fine powder with a specific surface
area of 6,870cm?/g, and a chemical component that could induce a pozzolan reaction between SiO; and
Al,O3 was added to this powder. The uniaxial compressive test conducted on the mix of bottom ash and
admixture gives the optimal blending ratio showing the optimal strength, and it was compared with the
corresponding values for various ground improvement materials. As a result of the test, the strength of
the soil stabilization material made from the fine powder of bottom ash at the beginning was higher or
similar to that of a test group that was using actual soil stabilization materials, and the 28-day strength
showed similar results. It is concluded in this work that the fine powder of bottom ash mixed with

cement and sulfate-based waste gypsum can be used as a soil stabilization material.
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Table 1. Physical properties of the ground

Table 3. Chemical composition of Bottom Ash

Natural ground Before grinding After grinding
Dio(mm) 0.0018 Bottom Ash(%) Bottom Ash(%)
D3o(mm) 0.06 AlLO;3 31.8 32.1
Mechanical Deo(mm) 0.0194 Ca0 12.287 13.126
analysis
Passed #200 sieve(%) 78.1 Fe203 6.72 7.31
Passed #4 sieve(%) 99.9 K20 1.14 1.11
Classification of soil (U.S.C.S) ML MgO 2.255 2.332
Specific gravity 2.62 MnO 0.120 0.11
Plastic limit(%) 15.1 Na;O 3.608 3.724
Liquid limit(%) 34.7 P20s 17.757 17.209
Plasticity index(%) 19.6 SiO; 13.9 17
Optimum moisture content(%) 16.1 TiO2 0.41 0.41
L.O.I 2.8 2.11
" 100 Total 92.8 96.6
| 920
4 W 8 _
70 z
80 T
50 :
40 =
x 30 =
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Ad 10
0
1000 100 10 1 0l 001 0.001
% #D m

Fig. 1. Grading curve of the ground
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Table 2. Fineness by the grinding time

Grinding
Time o | s 10 15 20 30
(hr)
Fineness 1 334 | 670 | 3,410 | 3,250 | 5.110 | 6,870
(cm®/g)
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(2 b

Fig. 2. Sem analysis of Bottom Ash before grinding
(a) x100 (b) x5,000

(a)

(b)
Fig. 3. Sem analysis of Bottom Ash after grinding
(a) x100 (b) x5,000
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Table 4. Chemical composition of Waste Gypsum

and Fly Ash
Chemical Waste Waste

composition gypsum D gypsum E Fly Ash
ALO; 0.586 0.882 18.47
CaO 80.522 93.428 49.3
Cr203 0.04 0.01 0.03
Fe203 0.23 0.32 3.25
K20 0.07 0.148 0.17
MgO 1.112 0.396 2.29
MnO 0.058 0.01 0.01
Na;O 0.062 0.1 0.38
P20s 0.042 0.07 0.4
SiOz 4.232 3.53 22.43
TiO2 0.03 0.078 0.84
L.O.I 13.0194 1.0312 1.352

SefololAlg AHgSHE GAF AR

A1)

6%ErE A7lste] Aol T2 AMAT|ER, 7+ H

7FEE §A5H] Sl Be A HieEle AR o
H] 6%Rt A7Fston, gkl oA EE B9l 3%
Sher| 2 Aol
2.3 A3zt
2.3.1 EX[Ee] UZAFAI
ARHNEA EFAY FEFHERE B4 6,
YA gt AEFSFAIES AT 7 AEE
2 3719 “‘*W]E AZSFRL, AEUEFEE Table
59 UeEhi ot —T——?Z}E%Fﬂi"‘é—,‘f— % ]HOH
Al 2 X]H]’E—J e 7P =2 U test19] 4 A&
Eli=g

Table 5. Compression Strength of the ground

Uniaxial Compression Strength (kPa)

Test testl test2 test3
number

Natural 169.9 1693 159.6
ground

2.3.2 HIEOHA| 2 HMEE =5

HlEojA|9] HAALLEF TS 98] YA|Hto)] AHE
o} H}ElojA S Tgtslo] A&YEA TS AWstgct. @

ARTG 3719 SAIAE AlEste] z"*OP‘}iOfﬂ, 743t
A2 24T M P viEoiA] gl iRt

319

ZERSk= Fig. 400, Fo 4573 += Table 601 et
Wit

A2}, vigojAlel AHIES] H7E 60:40¢ W9
A g=77t 381.2kPaZ Al¥w-E 7P 3A YEL
a1, o] Alg@ZAute] wet g oA TR S AlY
oA 60%E LA ARESHATH

500
R Rsware | 7%
400 | e
-
_— - T
~300F & .
N .
Qo
X
a
200 |
O
-]
100 |-
0 1 1 1 1 1
50 60 70 80 90
Bottom Ash (%)
Fig. 4. Uniaxial Compression Strength Change

according to Bottom Ash Content

Table 6. Maximum Compression Strength by mixing

ratio
Bottom Ash Maximum Compression
¢ Cement Strength
(%) (kPa)
50 : 50 304.9
60 : 40 381.2
70 : 30 304.1
80 : 20 299.1
90 : 10 160.7
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Fig. 5. Compression strength change by materia
(a) Bottom Ash : Cement
(b) Bottom Ash : Cement
(c) Bottom Ash : Cement :

F10 F20 F30

(o)

F40

: Waste gypsum D
: Waste gypsum E

Fly Ash

Table 7. The mixing ratio and maximum compression
strength of each sample

sumvle |BAM) 4y | "5 | ) | G | o)
D10 30 10 - - 454.7
D20 20 20 - - 531.9
D30 10 30 - - 433.8
D40 - 40 - - 312.5
E10 30 - 10 - 4514
E20 20 - 20 - 310.5
E30 60 10 - 30 - 148.7
E40 - - 40 - 96.6
F10 30 - - 10 330.6
F20 20 - - 20 273.3
F30 10 - - 30 218.7
F40 - - - 40 198.3
*B.A. : Bottom Ash
C. : Cement

W.G.D : Waste Gypsum D
W.G.E : Waste Gypsum E
A. : Fly Ash
M.C.S : Maximus Compression Strength
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Table 8. Composition of Mixing ratio for long

g?f)lj) Mixing ratio
Optimal mixing ratio
S o1 (Bottom Ash : Cement :
ample Waste gypsum D)
(60% : 20% : 20%)
Bottom Ash : Cement :
Sample 2 Waste gypsum E
(60% : 20% : 20%)
S e 3 Bottom Ash : Cement : Fly Ash
ampe (60% : 20% : 20%)
Sample 4 Soil Stabilization Material G
Sample 5 Soil Stabilization Material H
Bottom Ash @ Cement : Admixture F
Sample 6 (60% : 20% : 20%)
Bottom Ash : Cement : Admixture G
Sample 7 60% : 20% : 20%)
S le 8 Bottom Ash @ Cement : Admixture H
amp’e (60% : 20% : 20%)

Table 9. Compression strength according to the
curing period for each sample

Uniaxial Compression Strength(kPa)

Test

sroup (I;I?;il:; 3days 7days 28days
Sample 1 169.9 448.7 783.2 1,063.5
Sample 2 169.9 319.2 429.3 1,021.2
Sample 3 169.9 379.9 474.3 714.2
Sample 4 169.9 442.5 654.4 1,090.5
Sample 5 169.9 376.9 602.3 1,087.1
Sample 6 169.9 428.7 476.6 657.2
Sample 7 169.9 534.1 679.2 795.4
Sample 8 169.9 359.5 446.6 478.7

—l— sample1 —@— sample2 —#&— sample3 —y— sample4
—@— sample5 —@— sample6 —p— sample7 —@— sample8

1200

1000

800

600

USCS(kPa)

400

200 |

3 7 28
Days

Fig. 6. Compression Strength change by mixing ratio
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HI

1200
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P
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days

b

Fig. 7. Strength enhancement pattern by Fineness
(2) Fineness 330cm?/g (b) Fineness 6,870cm’/g

Table 10. Maximum Compression Strength by Mixing

ratio

Part Compression Strength (kPa)
Test Fi
grsip (L?E?/egs)s Ground | 3days 7days 28days
Bowom | 335 | 1609 | 4514 | 4472 | 49438
Ash
Bottom
Ash
fi 6,870 169.9 448.7 783.2 1,063.5
me
powder
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Fig. 8. SEM analysis of the Ground (a) x100 (b) x5,000
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Fig. 9. SEM analysis after mixing Soil Stabilization
material (a) X100 (b) x5,000
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