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Properties of Normal-Strength Mortar Containing Coarsely-Crushed
Bottom Ash Considering Standard Particle Size Distribution of
Fine Aggregate

Hyeong-Ki Kim"*
YSchool of Architecture, Chosun University, Gwangju 61452, Korea

ABSTRACT Properties of normal-strength mortar containing coarsely-crushed coal bottom ash considering standard particle size
distribution of fine aggregate were investigated. Mortar containing raw bottom ash was applied as a reference. By crushing the
bottom ash with a particle size larger than fine binder but smaller than fine aggregates, i.e., coarse-crushing, water absorption and
specific gravity of the particles could be controlled as similar levels to those of natural fine aggregates. Workability and strength of
the mortar were not changed and even increased when the coarsely-crushed bottom ash was added considering standard particle size
distribution in Standard Specification for Concrete, while those were decreased when raw bottom ash was added without any
treatment. When a replacement ratio of coarsely-crushed bottom ash was less than 30 vol.%, there were no significant decrease in

dynamic modulus of elasticity and dry shrinkage of the mortar.

Keywords : coal bottom ash, standard particles size distribution, coarse crushing, normal-strength mortar, workability
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Fig. 1 SEM images of GBA particles
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Fig. 2 Particle size distribution of fine aggregates and
coarse binder (Dashed lines: Standard particle size
distributions of natural sand in Korean Standard
Specification for Concrete)
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Table 1 Passing ratio of fine aggregates and bottom ash through 80 #m-sieve

Materials Mixing ratio (volume) Passing ratio through 80um-sieve (vol. %)
Normal sand - 2.6
Single materials OBA - 8.8
GBA - 21.1
. . OBA30 OBA 30% + Normal sand 70% 4.4
Mixed materials
GBA30 GBA 30% + Coarse sand 70% 8.1
Table 2 Physical characteristics of fine aggregates and Q o Quart
bottom ash M: Mullite
CC: Calcite
Materials Specific Water Fineness
gravity |absorption (%) | modulus %‘
c
Normal | 2.57(0OD)* 8
sand 2.58(SSD)b less then 0.5 2.60 =
Single 2.05(0D)?
materials | OP2 2.16(SSD)" >10 3.35 —
2.45(0D)* P
GBA b 0.83 1.11 0 10 20 30 40 50 60
2.47(SSD) 20(dig)
Mixed | OBA30 - - 3.01 )
materials | GBA30 i i 296 Fig. 3 XRD spectra of bottom ash and fly ash
*OD: Oven dry condition )
°SSD: Saturated-surface dry condition v GBAC nF AR wsAbel @] o AgAle]
B oolgfg Aok AAZE flch
Table 3 Chemical composition of bottom ash Table 2= ZF=A| 9} vigl oAl & &40 499 =24
Ex o Ql X Q. ] =
Component GBA Fly ash (Reference) ;‘Aé = OUFE}ﬂ sojet = ﬂ:r“’ﬂ:ﬂ A8 ?}% HA =
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S0, 54.09 50.15 gdia e R e e _:ﬂ’i A :j)
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ok gl ol FrES AN FEA FEZHA "o
Fe,0; 8.19 8.29 w2 2 oot
= T AT
CaO 8.54 4.58 s .
- Table 3& GBA®] 84812 =48 viehdl Zolth, &
K0 7 o> 2 5 SEunies ws Setoloale seey
MgO 209 218 = Ed JeEhiith GBAL EololAlg RE 384
MnO 0.17 0.07 o] GAFSE AL oF 5= 9t}
P20s 0.22 0.53 Fig. 32 GBAS} Ze}olol|A]9] X-A 38 (X-ray diffraction)
TiO; 0.76 1.53 BAAINE JeERN Aot} AMA o7 GBAS ZElo]of
Loss on ignition (LOI)| 2.90 7.57 A= galet gelo 3" AMEeEHS eER 1 9oL
GBA?| 73-%- Quartzo] 2]l g =hst Qe o] v A7}F ekt
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Table 4 Properties of Type | Portland cement

CaO SiOz A1203 F6203 MgO

Na,O+K,0 | Specific gravity | Blaine (cm?¥/g) LOI

61.7 19.3 5.16 2.87 4.17

1.13 3.15 3,110 2.49

Table 5 Properties of air entraining (AE) agent and superplasticizer (SP)

Chemical admixture Form Color pH value Density (at 25°C) Chloride content
AE agent Liquid Yellow 12.6 1.03 g/em’ less then 0.1%
SP Liquid Dark brown | higher than 6.0 1.15 g/em’ less then 0.2%

Table 6 Mix proportions of normal-strength mortars

Aggregate and coarse Weight proportion® (weight ratios of cement weight)

binder w C s OBA GBA SP AE
Control 2.17 - -

OBA30 0.45 1.52 0.55 -

GBA30 1.52 - 0.63

1 0.0030 0.00030

Control 2.83 - -

OBA30 0.55 1.98 0.72 -

GBA30 1.98 - 0.82

*W: Water, C: Cement, SP: Superplastisizer, AE: Air entraining agent
°S: Normal sand for Control and OBA30; Coarse sand for GBA30
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