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ABSTRACT

To recycle coal bottom ash(denoted here as CBA) generated from thermal power plants as a functional construction material,
artificial soil(denoted as AS) containing CBA with dredged soil(denoted as DS) at a ratio(wt%) of 70 : 30 was manufactured by means
of material engineering with sintering in a rotary kiln at 1125°C using a green body formed via extrusion processing. The properties
of the soil mechanics of the AS and the as-received CBA were analyzed and compared Compaction testing results determined an
optimum moisture content of the AS and CBA at 18%. During these tests, the maximum dry unit weights of the materials were 51m11ar
at 1.57 and 1.58 t/m’, respectively. The compressive strength levels of the AS and CBA concrete specimens were 5.1 and 5.4 t/m?,
respectively, both of Wthh increased after materials engineering processing. In a consolidation test, the compression index of the AS
and CBA was found to be 0.114 = 0.001 in both cases. The values were similar regardless of the materials engineering processes, but
during the consolidation of AS, its coefficient was higher than that of the CBA materials.
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Aol AM8E YEEE AA Y IR oA A
= A Z(coal bottom ash, ©]3} CBA)} sHEwbds &
A2 Al A E F4 E(dredged soil, ©]s DS)E AHE-
st A3 AEFH AEE Al A3 FHEES
150 pm ©|3t2 w|EH e ¥ 7:39] FAUZ A2 &5t
T A& P 7 (extruden)E ©l83t] HAUHFEHNAF =10+
0.5mm, Z°] =10x2mm)= A Fsdth AFA= 3d
2 729 2ete] ZE(otary kiln, 2°] 5mx W7 03 m)
o A] 1125°C/15 min 2ALZ A2A31ATH 24HE Q8=
oAl E2] (roller mill)x} A H(pin mill)S o]-§3to] v&
At 2 Atdre ARFTHoE A AAAE
£ 91F¥E U(artificial soil, ©]3} AS)S. = AT

CBASH AS9] 38tz #2412 XRF(ZSX-100e, Ri
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Table 1. Chemical Compositions of Raw Materials
5102 A1203 F6203 CaO MgO Nazo KzO T102 P205 MnO ZI'OZ C Ig loss Total
CBA" 456 18.6 8.1 22 0.8 0.2 0.5 1.3 0.2 0.1 0.3 18.1 4.1 100.0
DS™ 70.7 14.4 3.8 0.8 0.2 2.5 2.7 0.8 0.0 0.0 0.0 0.0 4.1 100.0

*Coal bottom ash
**Dredged Soil

7,=c+o,tand (6)
1z A= (shear strength)
c: 2% (cohesion)
o, Al Z83= 2-2F (normal stress)

¢: WFvhaZ(angle of internal friction)

A5 A=A JUASFE KS F 231690 23 4
(NE olgsl SHsIoH, F+2E9] steolu JEH A
g9 A5 o3t 54 o] s1sart.

_ Ae
€= A(logo,) ™

Cc: =A]4*(Compression index)

e:  ZHFH](Void ratio) e=(& FI+ 37 HI)EY
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CBAS} DS¢] 318tz #4 aﬂr—‘;— Table 16 YERHIA
T} CBAE SiO,%F ALOy7F 712t 4563 18.6 wi% =4
sl mlAEkAs AEo] 18.1 wt%E =4 UElT DSE
SiO,7F 70.7 wi%Z Bo] EA51H, Na,09} K,0 &7}
ArsHEo] 7k 2.5 wi%2t 2.7 wt% A5k AL gHelst

2= 0]

T M
2 AFe] AHEE CBAY] H]F(specific gravity, G-
212 ol EAshs duk 2y HES ¥F 26~28

Bl IR 7PHA UERTH(Table 2). Fig. 1(a)2} Table 2
o] CBA YEFE FA4AF fE7 (effective diameter,
Dyp)¢l Z71= 0.02 mmE YERHSIAL, 55 (uniformity
coefficient, C,)¢} =& 7% (curvature coefficient, C,)= Z]
ZF 21.59F 2.65 YERNSITE dntd oz #5AI57 10
o] folm YR ¥ 7t Erh(well-graded) . EF3hH, 2 ©
Y A9 YEEEZ7F YMTH(pooly-graded)L EO}
Rom 2 Ao ALEH CBAS] 7Af- Hlwd -3t
=EZZ YeRRATEY Table 29] AFtollM A 53-8+

2 A" ASE HlFo] 242 Uut ey FE H)
7PHAITE CBAXRTE H]ZFo] 03 S7138F9e ™ ol= CBA
of £ DSE % HIF F7he 1125°Ce] dAE F
Aol oJgk ASS] A|dslol] oJgk AR ATETE. Fig. 1(b)
9} Table 29 YE®E BAZAF ASY FE4D, ) =

:‘.":’lOEOMA

Al k81

Table 2. Spe*ciﬁc Gravity and Particle Properties of CBA and

AS
CBA AS
G, 2.1 24
Dy, (mm) 0.02 0.04
C, 215 8.5
C. 26 24

*Artificial soil containing coal bottom ash with dredged soil
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Fig. 1. Particle size distribution of (a) CBA and (b) AS.

Accumulative values (%)

7= 0.04 mmo|3L, #5ATe FEATE 47 8.5 24
2 a3 e 545 vehidnh A3EA
2A48A AlY A3 CBASH AS9 A4 A S (plasticity
index, 1,)7} 25 4 ©]at=2 H]4A (non-plastic)®] 54&
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Fig. 2. Dry unit weight of (a) CBA and (b) AS with various
water contents.

Table 3. Physical Properties of CBA and AS

CBA AS
Vimae (/M) 1.57 1.58
W, (%) 18 18
k (cm/sec) 577 %107 833 %107
¢ (tm?) 241 2.08
¢ (degree) 44.5 42.7
C. 0.113 0.115

Zhe g EFEATY 99 24 43S el B
ol CBAS} AS A& 5 FUEFH(unified soil classi-
fication system, USCS)ell w2 ER{7|FoA AEH 2
(silty sand, SM) AE 2 &dh= Aoz ATt
CBAS} ASE ©|-&% tA 3 A#E Fig. 29 Table 3
o] YRt CBAS Az @915 2 (dry unit weight)S
Sh<H] (water content)’} F7FsHHA] A A8 F7sitrE g
TH 18%0l A Hthzkel & ¥ oA Hadte A
%l

(Fig. )& JeigiT, B 34 847

]
s A% g

(optimum water content, W,,,) 18%°lA &t} 1z @95
Z(maximum dry unit weight, 74,,) 1.57 m>< JERI
Th(Table 3). AS GA] HA TrH] 18%lA Hof 1z &
AFF 1.58tm™S YERNSOH, CBAS} H]S:d HES
ER S THTable 2). ChunsS A &ts|o] tfdt oA
A} AU AR FYZEFLS 1.04~1.58 tm’, HA 50
= 105~35%2 Fgstaon, ¥ A+ 49 CBA%
ASS] A E A A A% ©eE o] 1.57~1.58 vm’,
A7 FulE oF 18%E Hl5E 292 Yehidnh” o
WAl T2 EAZ AMS-H= 37 E(granite soil)2] 7
< A Az F9FFo] 1.81~1.88 vm’, HF FH5H]7}
121~ 1472 4#A o, CBASH AS EF sPHES
sl A Ax d9THFe vy A e =
A vebsttt? 919 AxtE CBASE ASYF SFES Hla
st Ao JEREI gdste] gl <d As
o] Y37t oJF@ L, ol 93] AE HHd WYEE= B
WA Aol o3 Ao At

ol Aol By CBASH AS AHo ek FFAIE S
FsIRom HA 4] 18%Y uwl, CBASH ASe| B4
7157 (permeability coefficient, k)& Table 3o YERARA
th. CBAS} AS®] EFAFE 7HzF 5.77 %107 em/sect
833 x 107 cm/sec2 AS9] FFAFTE F7F %S &
ol & 4 Yt dwAo =z ANEE P & AR A
glo] A sheu] AeEolAd Hd Ax G FS e
W, Ao BFAleE 29 uhmgste] HAS e
Aok Ao Az G992 FY ) FRAS7E 7P wolR
€ olfre A gvlel sl AlE Ul Rk AujE o]
golslal, tHoz Q18 YRgke] 7hFo] Folx| 7] &
olt}.” CBASH ASe] EFAIFE HEZH HE(ily clay)
o] BFAIS 107~ 107 em/sec B 9]ol] Z3hEo] EEG F
AFAZ S8 7FsHA T ES s AT o g ALE
7] 918t 715 FFAF1.0 % 107 cm/sec)S THEA|7]A]
B5l7] o] BELE Q82 HLe ofEE Aew
worgc?

o AlYolA A Ax &9 %S Yl 3
k] 18%01A1 CBASF ASZ ZHz} FAJA|(d =15 cm,
L=30cm)E W50 AEUFAES dAAser 1 4
E Fig. 39 YRSt 2843 CBASE ASS] U=
27w 247F 503 54 ym S JEROT, ASe] A%}
Z27%7t 03 tm’ F7H AL g2 & £ Uk B o
Tol]l AHEE CBAU AS7} =29 BHZ7ZA2 S8
el dE2Fwtol 20 vm’, 71EAE L8317 A
B dE7wgto] 30 m’S WHEslolop itk Chunso
Aol B E AXH, B Aol AME-E CBASH AS9] 7
G ol EAshs TR Qlale] dFEghe] 71EH
S UEATNA] EE7] wiEe] T2 7SR G AR A
A0 Astdd dAo] B, SPTE 5o A5 E &

gl

-
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Fig. 3. Compressive strength of (a) CBA and (b) AS.

gato] 2gats Zo] v ZAog Anrdn?

2 ] 18%014 CBASE ASE 7H7t FAIAIE W
0] APAEAFES TS AHE Fig. 49+ Table 39
e Sith Agd9A g A7 CBAS] 22 (cohesion, c)
Y F-ubEZ(internal friction angle, @) ZHzZb 2.413%
44.5°5 Yepliolom, ASS] A W wpEzhe 7hz)
2087} 42.7°2 JEPAUTE AFREL nAE YAE 23
e Bl Agote A9sE & 7 4" AR
o] Yeht= AFgHoz duixor B¢ Yo A=
Uepd T ez

Fo ARGE AR F B 4R Wi 71915

of

il

Al k81
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Fig. 4. Shear stress of (a) CBA and (b) AS.
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index, C.) %< Table 3o YERHIATE. CBASE ASe] &=
e 22F 01133 0.1152 A2 FAFE 3+ YeRid
Th guko g HES GFAFE 02~09 Ml o
=R G gho] Z71aE ool Aokshe vhepith' u
2}A] CBASL AST HE Ha] Aiaoz ve 457
TS e 7] "ol EEE A2 ARE-she Aol
frel st

CBAS} ASS] =M (ehE-&9-7H=1]) Wsl&
o] YeRHATE CBASH AS9] ¢ 12 )
glo] entaiAl #ashkes AFE Jeflidch ESYArt
A A o) S8 A
op)olet st=dl, FA PP e W
S o] v sleiAE, APdA-SH Zrkx] sk
71€715 YefdliH, 2 ool S thAl F43 7]
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Fig. 5. Void ratio of (a) CBA and (b) AS with various
consolidation pressure.

Table 4. Consolidation Coefficient of CBA and AS

Consolidation stress

(eglem?) CBA AS
0.1 0.00276482 0.00313352
02 0.00273555 0.00313007
0.4 0.00269537 0.00312459
0.8 0.00265550 0.00312067
1.6 0.00261456 0.00311363
32 0.00257934 0.00311207
6.4 0.00252028 0.00310504
12.8 0.00245136 0.00309692

Aol AHEE AE5Y A5 &4
A ekk7] W] MYtL-SHo
vhekE o)

CBAS} AS9] 2 A4*(Consolidation coefficient, C,) &
AATE Table 40 HERHATE A EE AR Z ARS8}
a2 3, el o Aurlsht g E = A8

] 2

He A 6] A9 srdAlge] Alto] dE o]
o}, 23lE HE 9N 5o 7REIAH, A AT U
) 75 R Uk fok 9 nE)

of AlRHAAL, HFH R
WA Hlnk ol EF AATF
goz qlsto] Feprt AysHA = oba 2 she}
2 k) dutro s BLALT) B med v T
FAF7E FE JEL] Ae7F SA SR
77b AR an), E Qs 2e8E A7
Z¥a glo] Fx= H32 Al AZsiAl alEE oo i
gy o) £ 2

g
oo it
o
o 1M
lo,

N
N

- 1

%
Sthe e Y & 4
o ASe| ¢hdo] wh] MyEviy A 4= o
ASell EA5s Eo] S8l o8] A
AL omalH o]= Table 3¢ A Aole
=3

4.4 E

R Lo HYEHE AI 2 A 2 EEE
ANEZ dF AZLs] S8t A5 FHo=
T 7t A & A5 Bd
st A3} g2 2 AES IS F AU CBASF AS
o] ¥|Fe 77t 213 242 duk RYY HES HF
26~28 Ht} FoR Yttt 5k 7k of ol A=t
ol AgshAl = AASHA B oA H] A2 (non-plastic)
oz AgEHeH, Bd BRY 7|FoE HdEH TR
EFE A

R A" A3 CBAS AS9] A 3= 18%E e}
wom, au Ao Ax H9FHe 247 1573 158 tm’=
WS- frAFSEATE. FAlE A CBASH ASS] FAl
= 247 577%x 1073 833 x 107 cm/sec® HA A 2=
A3petA g ApTol AMSE = FARE AoE e
Wk B3 AEUEATE A7 CBASH ASE 5~6tm™e] &
= ezks e Bx7)1EA AFRS 913 71EREY
1/4] st om, AHATAN Y A S2AHEAZ A}
S5 spdnn w2 A3Ey 22 EepEzte o
ERSin). S A3 CBASH AS A9+ 2 0.113
3 0.1152 vzstglon, FaAlse] 49 ASTF ot &
< S YERATH
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