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In this paper, an experimental study was conducted to investigate the applications of bottom ash, which is an industrial by-product
obtained from thermal power plants. Bottom ash was used as fine aggregate in this study, and an experiment was conducted to
determine the characteristics of the bottom ash aggregate. In addition, 25, 50, 75, and 100% contents of crushed (natural) fine
aggregate were replaced with bottom ash aggregate to produce concrete mixture including bottom ash. Thereafter, test results of the
unit weight, ultrasonic velocity, compressive strength, and thermal conductivity of bottom ash concrete were obtained. Moreover, the
effect of the curing ages of 28 and 91 days on the material characteristics of bottom ash concrete were identified. Test results showed
that bottom ash used as fine aggregate had pozzolanic reaction. Finally, based on the extensive experimental results, relationships
between thermal conductivity and unit weight, ultrasonic velocity, and compressive strength was suggested.

JIRE : HIEWAI, SHEE, ZSIEE, UHASE, LT

’

Keywords : Bottom ash, Thermal conductivity, Ultra-sonic velocity, Unit weight, Compressive strength

1.ME 2IX|0IA THRECHYang et al, 2020b),
MEb SHIEEEUMANME 024 ALl 2AEQ1 HIEHOHA|
FAg|EE AE 9 7|EF 7|HIAIM ZAJOIM 7HE BR5 TiE (bottom ash)2t Z210[0KAl(fly ash)E 242} 20%, 80% AAtstct
0[C}, 20020f|= MIAK R OF 2791 m’Q| 232|EJ} MM (Kim 2010). Z210[0fAl= A|HIEQ| X|SHEA X|Z VK| 0| At
=0 0|72 & Hof 191 0.4m® 0|Me| 232 |EE o H AR5} |10 AX|THChoi and Kim 2018), HIEIOAl= CHEE Foll i
= 7102 JAEICHBooks et al, 2018), &% Z32|EQ| LR St0d KX Q= Aot ojEigrel SREs 372 mEy
2 2050 E7tX| HZH2F 1802 EC2 £ 0l H0|CHGorme et o 80| sHA0fl 0221 F[ofe] S TI| HME FHeh f8lof
al. 2010; Rafieizonooz et al, 2016), otX|2 BIX 232|ES it o= Q7| Aol 2 4 CKYang and Park 2020),
St7| SI5H0d XA el Z2XHS0| SEHSHA ALZ S 0120l w2t 2 SF0ME S7tete MYH7 ISt KISINEl S Zxiel g
A D20 7km ok £3 ZI2|E0| ARl Aot oig S aliZsh| Sl slETA H7ISQ! HIEOHAIS 0185t At
of U Atgdo| LrEtoz MAH7IS2 dl2ot ELHo= MEfel SME tiXstod 232IE BiE Al & 7hs4ol| 2et
S0{7t QICHYang et al, 2020a), SR ZLHOIAC| 201813 5124 ARE SASIRACE HIFEOHAIE MHSAY 4ot H|usS o
HIM A Of MELTY HAZES X|AEO2 Z71510f 1860 E M2 Uz 2ut ol shElgR ¥ 55 2F0M 232E 018
50~60% HZJt MERE|D YO}, LIHX| 40% OMS Q12 of  Off HEfoiCHHashemi et al. 2018; Tasdemir et al, 2017), BHE0]

* Corresponding author E-mail: ihyang@kunsan.ac.kr

\AAHEn E2ZEk} HALIMY (Department of Civil Engineering, Kunsan National University, Jeonbuk, 54150, Korea)
2AMNEt D E2EE MAIIFE (Department of Civil Engineering, Kunsan National University, Jeonbuk, 54150, Korea)
SAAYEm E2ZEkt W4 (Department of Civil Engineering, Kunsan National University, Jeonbuk, 54150, Korea)

Copyright (© 2020 by Korean Recycled Construction Resources Institute

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

596



[m]

= HEEOHAIS 22, YBtHoR 2 0g/cm’E YBiM §lom,
HoHZTHO| U 2 6g/cm’ L L2 S LIEHACH T, HiEof

o] E482 10% 0lotz M, MHZXYC| E4801 3%2CH 2 ot
=5

2o

-

= LEUH, 3380| 3= A= & £ ot J0= 46t
T Z210[0fAI} 20| HIEIOHAIE SiOs, ALO; AE0| AJHIEQ]

CsS, C.S &1t Br3ot] &R BES LIEMACKHSIngh and
Siddique 2014). 0= Z=7[Z&=0f Hlsh H7|4%= ool Felstct
= A2 UEHHCHHuUbscher et al, 2001),

SIXH HIEONAIE 2TE iAot 22E=L J8 Z32ES
AtEE= A0 =2 0|2%11 QCHJung and Kwon 2013; Kim 2015;
Oruji et al, 2017), =L S5 SO 2 HIEHOIAIZ 0|2t 212
HEE 50 Z32|E 139 S4=31E St g HEY &
0] o812t ZHHO| HES=S HIFHOAI| CH5ES 01E510
22 28 2Ho=z ANEH1 Tt Eof, A= F32|E XS
= 07| Y5t 2 L=0! HIFHOHAIS ARZSHH(Muthusamy
et al 2020), oM 2MECE thFE1T 9 MBS AAS
=Ho= diFoA 352 0188 232|E HUaHnt 20| oY
of SHI 7|s EHO0| O|F0{X|22 ULk

w2t 2 A0 ME SHLTAN S = PRS2

0

rr

=0 Alot 2 x
REN 2MS Bt MBS 2uSISIT 2210/0Al= Bielio)
USS Chrisle] HRSID BIEOIAIE 2B tHRlsto] 8
S AEHOE HIOIEY, £ST4AE, USYT U THES
MBZ 28510 (12T U Y SN2 W= HE0NY FHE
2 S41H C2 K2 S 710 4TINS B

2.1 A SXE

= inolAel 232IE HE MRRM BIRIE HE ZE
= AIMIES 712 BICi2 HEI SelolAIS CIMZ] 12
F32|E0| SNZ BHFICE S240/0jA| Yz 223g/or, 2

o= T
I}, TEM2E Ra 2y

Y= 3,650cm?/gQl S LIE

M
WJH

]

2t0

i =
kI
;O

oF HIZIOHAIS AFZsiR2n, HIZAlZ 21 ESatEE A0
M Aotz BIEOHAIE MESIRAT ZX1 £1Z0] sSmmE Eafot
= HIEIAlE 232{48 018510 245t Xt 27|12 5mm
Ol5t2 RAISIAUCE HIZMAIE 28 SMEL H2 L= O
§ 545 UEUE2 gREo| S7tef m2t 232(E As2
YAt R7|Y=Tt gacte Hes &0 ofX|T 25 B

HIEOHA| 23 2|E HiEHE Table 10 LIEILHRICH 23 2|E

i MeHs2E HilH B39 20 3 40%S S2t0[0fAIE
X|Btel% D, ZHERH 21| 0, 25, 50, 75 L 100%= HIEOHA|Z
xletot] M= EME BAGIRICH Z2t0[0fAl X HIEOHAIS| &
E¢h otgo= QIgt &V| M e melsty| SIoto] 7|zt
£ 28Ut 9192 1ot AES oI

TH2IE EMHO| AR E AHS 244|2F 014 7|2IYMS Sot
APt TIECH Zote 232Es EE S 2043C 229 2

B.A=100%

“BA=T5%

Fig. 1. Sections of concrete specimens with different bottom ash
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Table 1. Mixing proportion

Unit weight(kg/m®)
Mixture 2/3 ](30'/3 ((:d“:;zf W/B w Binder Coarse ag;‘:;te Admixture

OPC F.A e Sand | BA | HRWR | AE
F20-B000 0 032 | 1785 476 84.2 878.5 650 0 6.72 1.88
F20-B025 25 032 | 1785 476 84.2 878.5 487 115 6.72 1.88
F20-B0S0 | 20 | 50 (;;1;) 032 | 1785 476 84.2 878.5 325 230 6.72 1.88
F20-B075 75 032 | 1785 476 84.2 878.5 162 346 6.72 1.88
F20-B100 100 032 | 1785 476 84.2 878.5 0 461 6.72 1.88
F40-B000 0 034 | 1785 357 168.5 878.5 650 0 6.31 1.77
F40-B0S0 | 40 | 50 28 034 | 1785 357 168.5 878.5 325 230 6.31 1.77
F40-B100 100 034 | 1785 357 168.5 878.5 0 461 6.31 1.77

W: water, OPC: ordinary portland cement, F.A: fly ash, B.A: bottom ash, HRWR: high range water reducing agent, A.E: air entraing admixture

100

9

80

-+ Lower limit
— — = Upper limit
Fine aggregate

70 +
60
50
40 t
30

Percent of passing weight (%)

20 s

10 - i
o L= ‘
0.1 1
Diameter of sieve (mm)
(a) Fine aggregate
100
Y s
90 L[ Lower limit - <
— — ~Upper limit .7
80 v
Bottom Ash 4

Percent of passing weight (%)

Diameter of sieve (mm)

(b) Bottom ash

Fig. 2. Particle size distribution curve

N Ho

H>1

ol
rirorl
o

w

l

w
é

R YISk

i
i
= o
H—|
A
Bt H
Je
o
1°
ol
&
e

Rall
ol

r
iy
=]
i
r
m
s
r

598 vol. 8, No. 4 (2020)

of M8E E1e f7=

Z32(E el Al MEE S| X Tisdat EX Eds
Hlw 2Mat7| et L= & 48 AMES AASIRACE KS F
2504 7E0l| et e 2] U= B S48 AFS sA6IAS
O, KS F 2520 w80 et ZEA! BiEoiAe] 2 & &4

& AMge +~dolRitt. B 22 H g 44 & S
500g % 300g9l EHAZL HLSMENC EXHE Aot Algls

TASIACt

Fig. 301 HIEORA|2] SRl ME = & S48 MY 2UE
LIEFHCH HIEORA| 892k 0% o] Lz 2 fig/em’2 A KS
OlM #Hatn Qe BE TBX YUk 2.60g/cm’S DHESIC B
THOi| BFEOHA| ER2F0] 100% & mHo| L= 184g/cm’?| Zfo
2 EZ HIEOfAQ] L= 1,0~2,0g/cm’2] HQ|LH0f EXH5H= 2t
S LIEHICH HIEoiAl R0l 0 2 100%Y o, E+22 24
0.64% 2! 388%ZA| KS F 252701l M &Gt B4 @ale} b
OfAl BBl BEt2 CHEESITE Fig. 304 HIEOHA| fRE
0] 0, 25, 50, 75 2 100%Y O LU= k2t 2,61 2.47, 2.29,
213 2 184g/cm’2 LOIX|H, 422 242t O_64 0,92, 1.41
2.64 2 383% ZfeZ SISt 0= HIEOHAIZF RI2X) Cid|6

0
o 2320| e 20l EXo=z a7} '—FOEH Cr2Ao] 22
ot

By
O|Ct, Table 20 AtEct

-

o
=
S £5t 5489 5712 UeiUs 2



P3

Absorptiom (%)

Density (g/cm3)
&
©

— & -Denstity ]
—&— Absorption
0.0 0

0 25 50 75 100
Bottom ash (%)

Fig. 3. Density and water absorption at different bottom ash
contents

Table 2. Properties of aggregate

Density Absorption

Type of aggregate (efem) %) FM

Coarse 2.60 1.02 6.68

Fine 2.61 0.64 2.90

Bottom ash 1.84 3.88 3.88
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Fig. 6. Compressive strength test view
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