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Effects of the Compaction and Size of Bottom Ash Aggregate on Thermal
Conductivity of Porous Concrete
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In this paper, the effects of the bottom ash aggregate sizes and compaction levels on the thermal conductivity of porous concrete
were investigated. In this experimental study, bottom ash was used as aggregates after identifying the aggregate characteristics. SA
mixtures included hybrid aggregates, and DA contained only one particle size. The water-binder ratio was fixed at 0.30, and the
compaction levels were applied to the concrete specimens at 0.5, 1.5, and 3.0 MPa. Unit weight, total void ratio, and thermal
conductivity were measured and analyzed. As the compaction level increased, the unit weight and thermal conductivity increased in the
SA mixtures, but the total void ratio decreased. In addition, the thermal conductivity of the specimens under oven-dried condition were
lower than that of the specimens under air-dried condition. The correlation between the unit weight, total porosity, and thermal
conductivity of porous concrete was analyzed. The thermal conductivity-unit weight correlation was proportional, while the thermal
conductivity-total void ratio correlation was inversely proportional.
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Table 1. Physical properties of materials used Fig. 2= B39 AlHnt T2|S AHO| JICH ItHS LIEHLY
Materials Density (g/cm’) | Absorption (%) ULt Z32(E HiE 2= 2, 24 H2 232EE HFY =5
Water 1.00 - of Z2|E SC0 Etdet 2 TSI o), 232|E AlE 4
Cement 314 : 0| 71T Steel plate)S HZI10] 22 2|4 Myl 0|83t
Bottom ash |0 ™™ L7l 107 RY Mo1S Sl S IHUTHE SV NS HTh of
1.2~2.5 mm 1.75 6.13 oirt
Cohesive agent 0.97 -
Compaction
Table 2. Physical properties of coal bottom ash
Steel plate
i N 32E
. SS].) Oven (.]ned Appar.e nt Absorption ) d
Aggregate size | density density density %)
(gem’) | (gem’) | (gem) ) :
Steelmold RE24¢
SA 1.73 1.61 1.84 7.75 RS
DA 1.71 1.54 1.85 10.7 : 3
Porous concrete — !. )c"'“ D
2.2 Ct3Y 232|E HE W AIE HE 5SS
Table 38 HP:E‘IIOH)\|% )\’-_g_él_f [_’-g/gl EE_E_|EQ| HHE}‘E% L_f Before compaction After compaction
LH Lol 2_Hlo| IxHO| O IXIS AIA
EfHCt sYot S-HIIH WA SXHQ| 37|, 7IUTHE S A (2) Cylindrical specimen
WA= 5101 6550 tst AVIS 25RO, 00 112 =5
PlE 24 YHS molstnxl STt
HIEIOHAl BX 27|= 1.2~v2.6 mm 20%%t 2.5~5.0 mm 80 et oo conerste
OO% —'?—H—“:”E i|§|;|’§" SA9|> 25m50 mmiEl- O|—$—O‘|£| DA% )\’_ Before compaction
S0}, Eof, 2= Hig2 S-HIRIH Hi= 0.302 uHsty 7t
QL2 05, 1.5 Y 3.0 MPaz HH5I0] 0l0f 2 22X 4
1} FH=ES 2t
QX @0lo] Z32|E9| Aol 0|xl= F&S tixch | fisH Atter compaction
28Y SO EZLUS HAGIRICE THEMZ ZefE ARZSHA| & ,
B ) (b) Flexural specimen
11, HIEHOHA| STHTHS AIZSIQH, EX 7He| HAldE ot
7| 9fsH e 2 che| 36 %2| SHRS 2712 AsIct Fig. 2 Compaction process
Table 3. Mixing proportions of porous concrete
Aggregate size Unit weight (kg/m®) . . .
Unit weight Compaction
W/B BA CA
mm Water OPC S
1.2~2.5 mm 2.5~5.0 mm kg/m MPa
110.0 366.7 255.0 996.7 385 1,766.9 0.5
2.5~5.0 mm (80%)
1225 mm (20%) 110.0 366.7 255.0 996.7 385 1,766.9 1.5
030 110.0 366.7 255.0 996.7 385 1,766.9 3.0
' 110.0 366.7 - 1,245.9 38.5 1,761.1 0.5
2.5~5.0 mm (100%) 110.0 366.7 - 1,245.9 38.5 1,761.1 1.5
110.0 366.7 - 1,245.9 38.5 1,761.1 3.0

Note: W: Water; OPC: Ordinary portland cement; BA: bottom ash; C.A: Cohesive agent
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(a) Measurement under air
condition

Fig. 3. Total void ratio test

Heating element and
measuring the temperature
" 7 T

(b) Measurement under water

condition

Fig. 4. Thermal conductivity test
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Table 4. Porous concrete test results

. Total Thermal Thermal
. Unit . .. ..
Aggregate Compaction . void | conductivity | conductivity
i W/B weight . .
size (MPa) (kg/m?) ratio [Air] [Oven]
(%) (W/mK) (W/mK)
0.5 1,202 | 313 0.58 0.34
DA 1.5 1,264 | 268 0.59 0.37
3.0 1,372 | 209 0.60 0.39
0.30
0.5 1,257 | 283 0.60 0.42
SA 1.5 1,359 | 22.7 0.63 0.43
3.0 1,474 17.9 0.67 0.46
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3.1 BRISE

Fig. 5= 7IUCIR0| M2 T8 232 EQ| EXi9 &7, 7t
ATHEO| F7(0f e HASY Z21E JHZZ LIERARICH DA
Qf SAE AIESH CHEd 232|E AJHO TS 71T 4
20| 05 MPa & I, 242+ 1,202 kg/m’, 1,257 kg/m°0|0, 1.5 MPa
Q [, 1,264 kg/m® 1359 kg/m® 0|11, 3.0 MPa & [f, 1,372

kg/m® 1,474 kg/m’2 7IICIRI0| SO0LESE TIZZS S5}
= ASS LIEMC) 0[2)5t AE Ants 71ICHE £20| 716

N
of et 232|E W S30| E20SHM 29 &
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L2 MHZOR 1,200,480 kg/m® HL(O| ZHS LIEHHLTE
Zaetang et al (2013)0fAf iAot IS4 23 2|EQ] HEY
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Fig. 5. Unit weight test results
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Fig. 6. Total void ratio test results
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Fig. 72 7tYUCHE0] 2 LS 232EQ 7| MEf GH=
Cof QEAX MEH GNEL AWE JYE2E LIEIHIICE
711 MENY M2 DAQL SAE AKEdtE 232|E A[He| X
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Fig. 9. Relationship between thermal conductivity and total void ratio
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