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Assessing Friction Angle of Sand According to Fly Ash and
Bottom Ash Contents
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Abstract

The treatment of coal ash produced at coal-fired power plants requires high costs and has environmental problems. Therefore, a
high proportion of coal ash has been reused, and the effective reuse of coal ash has been investigated extensively. In this study,
the physical-chemical characteristics of bottom ash and fly ash sampled from a domestic coal-fired power plant were investigated.
In addition, the shear behavior of bottom and fly ashes-sand mixtures was evaluated to verify the reuse potential of bottom and
fly ashes. Direct shear tests were performed to evaluate the friction angle of the coal ash-sand mixture, which was used as an
input parameter in the numerical analysis for slope stability to establish a framework for assessing the reuse potential of coal ash.
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Table 1. Current State of Coal Ash Production and Recycling
in the Korea, 2020 (Korea East-West Power Co. Ltd., 2021;
Korea Southern Power Co. Ltd., 2021)

Fly Ash (t) Bottom Ash (t)
Total produced 2,343,000 505,000
Total recycled 2,089,000 1,274,000
Total recycle rate 89.16% 252.28%

Table 2. Current State of Coal Ash Production and Recycling
in the USA, 2020 (ACAA, 2021)

Fly Ash (t) Bottom Ash (t)
Total produced 26,512,322 7,973,554
Total recycled 17,104,493 2,955,653
Total recycle rate 64.52% 37.07%
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Fig. 1. Particle Size Distribution Curve of Jumoonjin Standard
Sand, Bottom Ash, Fly Ash
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Fig. 2. Changes in the Specific Gravity Value According to the
Ratio of Jumoonjin Standard Sand and Coal Ash
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Fig. 3. Change of Void Ratio According to Ash Content
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3.2.4 SEM & EDS

Scanning Electron Microscope (SEM)2 A& &3l 12k
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A00pm : Electron Image 1

(A) SEM of bottom ash

Spectrum 4

Full Scale 12532 cts Cursor: 0.000 k|

(B) EDS analysis of bottom ash

Fig. 4. Results of SEM-EDS Analysis of Bottom Ash
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20pm Electron Image 1

(A) SEM of fly ash

Spectrum 1
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(B) EDS analysis of fly ash

Fig. 5. Results of SEM-EDS Analysis of Fly Ash

Table 3. Elemental Composition of Bottom Ash

Element Weight (%) Atomic (%)
(0] 34.85 40.88
Al 2.87 2.28
Si 18.72 13.37
C 15.65 17.93
Fe 21.96 21.87

Table 4. Elemental Composition of Fly Ash

Element Weight (%) Atomic (%)
0] 52 70.18
Al 7.52 5.79
Si 16.73 12.33
Ca 2.62 1.43
Fe 14.52 7.03




Table 5. Comparison of Major Components of Bottom Ash and
Fly Ash

Bottom Ash Fly Ash
Concentration (%) Concentration (%)
Fe,0; 52.1 7.86
SiO, 242 60.1
AlLO4 7.67 234
CaO 5.63 2.68
SO; 3.84 0.555
Na,O 1.73 0319
TiO, 1.02 2.30
K,O 0.798 1.22
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Fig. 6. XRD Analysis Results of Bottom Ash
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Fig. 7. XRD Analysis Results of Fly Ash
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Fig. 9. Shear Stress - Displacement Graph in Bottom Ash Content
60%, Vertical Stress = 100, 150, 200, 250 kPa
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Fig. 10. Shear Stress - Displacement Graph in Fly Ash Content
60%, Vertical Stress = 100, 150, 200, 250 kPa

242 sh=EEEs| =822, M223 65 20224 12

THES} v TR HAhdesEe HolA] oo He
H917F Sl wet A= eskAY 3] SF
she eSS Bk vhd mef-A3] EFE] B¢
BE A3 ol Fig 99+ 22 F51gk e8]
UERST ol & St =2l A7l mish dujdoe= &

& 7 A3)e] A9 meEfel 5 Alol] =Rk meet
AE7sS Hola ez o 2k J732 7kl w3
G =t ey A ES} 22 e TS B
T Atk & AolMes niEl e ST 39, ddE
20 mm WollA HhHdGEH S A== 1yt

E 5ot UHupEzs 4gsia

N o
e}

O
o o

O do e

4.2 X3|2f H|3| 20| M= LWRO0FEZ

Fig. 11- A3]¢} ]3] 3hiafol me} 2PdE wisopazt
< JERATE Fig 110 YeRd vle} o] A3 ne)] S31Ee)
785 A3 o] SIS AW tha ashe
738FS Bl otk A3 100% (& 0%)<] 730l A3
80%0°l BI&f & WHulEzhe Bk vl ¢ FEgk
7ol YRR kot A 3]} uixby A & H)3] S
o] F7VEFE WHwpEzto] rasitrt vl e >
60%0l A HFrzzto] TA| F7keke Z3s HRth ol&

39
37 7
—~ °
<35 4 i ®
) A
233 *
°
c A
231 1 A
- 29 - ® Bottom Ash
27 A A Fly Ash
25 ’ ’ ' ,
0 20 40 60 80 100
Ash content (%)

Fig. 11. Changes in Friction Angle According Ash Content

Table 6. Changes in Coefficient of Determination According
Jumoonjin Stand Sand - Coal Ash Mixture

Ash content Coefficient of determination
(%) Bottom ash Fly ash
0 0.9993 0.9993
20 0.9977 0.9851
40 0.9991 0.9979
60 0.9989 0.9721
80 0.9940 0.9307
100 0.9989 0.8848
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Table 7. Properties of Coal Ash in Yeongheung, Samcheonpo,
Hadong Thermal Power Plant

Y
eong Samcheonpo | Hadong
heung
Gs 1.84 1.99 2.43
BA | v (kN/m’) 14.03 12.85 12.81
0 () 43.5 40.9 35.23
Gs 2.23 2.39 2.22
FA | v (KN/m?) 153 15.7 8.96
0 () 28.5 34.1 32.01
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Fig. 12. Factor of Safety According to Change of Slope Angle
and Bottom Ash Content
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Fig. 13. Factor of Safety According to Change of Slope Angle
and Fly Ash Content
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