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Abstract

This research was undertaken on the use of bottom ash as a fine aggregate in Controlled
Low-strength Material(CLSM). The mixtures contained constant fly ash. And four different
level of bottom ash with fly ash contents, 25%, 50%, 75%, 100% are investigated. Mixture
proportions were developed for producing CLSM at three 28-day strength levels: removal
with tools (less than 7 kgf/cm®), removal by mechanical means (less than 200 kgf/cm®), and
removal with power equipment (less than 83kgf/cm®). To obtain these strengths, cement
contents of 30, 60, and 120kg/m’ were utilized. The compressive strength properties
support the concept that by-product bottom ash can be successfully used in CLSM.

1. X &

Hee F2@ WYY AW /M4, FTAY AN 5o AAAYez BHY vy 2
2ol 9% QREA AHEND oW AN TAFE T AREE D AU oy 2
PEl mE A¥E AW £FE AN 4T FAALA AS BG4 Quk 2 By
4gQ Hegse dysoAn go] FFRE AU ABEY AUolq ATY EAZ o
£o3 3E A0l

ojd B AFdME AA LALLM AAHE Hed LS Zds A7 9
A EekololH 9} bottom ash& 7T Wity ZEEAS 4A¥std ARE T{FE EAA9)
bottom ash®] H&7t5A4E& Agstdh

B2 dFdA Mgsteie AZE Z/4E FAAE AZdAe) e A9 FANEEA O
Holut AR EFYAHCE H4 & & dE EAEL 2% 5 UE Aoy B AYuas
T2 AR b8 Hold g EAF FAARN 27HE AAHE A1 o,
53] ¢4do] " g1 WS f5Fo2 AAT £ 7] WEd A2 ST gdo] oy e
HEES Ade AlFel ol dHolt} o3t fold elda} IWUF P2 A B R
A& F e AT, W93, AT, dede £, 49 €dry A, 2%, @

20019 ®=Fx3shsl &R =872001d 109 129)

- 142 -



A, F4AYE £H9 4, F5F FAAR, Fdol, WA, £2 & A WEE FH F
Agd A€ & A

2. 4349

AZE 1f% FAAE AEHAE HEEok wakd Fo] 22g oz & 4 gk
weA FH4S Yele FAZH 42357 e Al AHd) % FFe Tkef/em®
o3, Wl e o ¥ ZAL 7~Ukgf/em® =Y ¢EFE7 27 gy B
Hax AZAY ZPolfHdE ALY THF FAAE Wkefem’d ZRAHE #Hzz 22
ol 7t53ttt.

E dFoMe oled FFHAE uaty EZ2 st FEE 3GAZ drol AASA
28%_1 ZEE 7122 A o 2HMSY HEQ Tkef/emoldt, WE el 22 Fulo) o

ZH47t5¢ A% 7~ 14 kgf/em® |, EHo] BIb5@ BE 2 kgfem™o] 402 EERES
b}—r%ie.ﬂi olf Zxo W& F2LAYL A XNFY FFE& A&sn NEUsA Wes
AEE M AriEedddel et x5 ste PN E29X(20~30cmE =
& AAEAY. A7 AMEHAARE AR dd FA7IEG] A AEioln At ol
£ bottom ash®] Fdo] A9 FF, A7 BdW 2% So wet B Aiko] Hof
A 9ol BEXE 3= 5429 HAE WA FUo

2 dFe IH4F FHA} ALEEE e RokdA FHAA HE4gs =R FHAYE
Edz Z% Z=o €¥= EE24E A on Eold4, bottom ash& AHE-g wigel 7
EEAE N4

3. A 84 s

D AHE g 24
ARMEE HALY 1% FEASAYES A&sgon 2 sHAzLsH vF 261
o e AHg-E T

2) Eatol o+

£ dToA AREEHOIA Eeoldlde HUsE AL FAdEYd daF AVYAN =R
ZdHo] FAHoI A2 KS L 5405 #AL #Esgom glae] noe Faog FAy
Aardn 4 A" Fig 13 2

3) Bottom Ash

BiQbst A Aol A bottom ash® HIRE S o]83l9 oz FygFos st =5
o Aed FASE Aoz dEc] OF FHIAT Yoy ZRFFAAY HEFEot v7xA
9l Bolg o] Fajrt A Fov @ a2 AR}

N

- 143 -



Bottom ash® U4A 2% YAEo] Fig. 29 Zo] #4A B¢y 52 BT o¢ 714 =
o] EFHaA EAsGer BUS ARL IR 229 AAYHEE &7 HalME
o o] ¢sldel gRo2 AEHAAT Y d4E 42 AEHE AR 2
A= Fig. 38 2o

Pass (%)

Fig. 1 Scanning Electric Fig. 2 Scanning Electric
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Microscope photograph Microscope photograph
of fly ash (x5000) of bottom ash (X400)
Fig. 3 Particle size distribution of bottom ash
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Table 1 Suggested mix proportions of bottom ash CLSM
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Fig. 4 28-days compressive strength of Fig. 5 Compressive strength of fly ash
controlled low-strength material using CLSM at various ages
various bottom ash replacement ratio
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