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Abstract

The aim of the research is to evaluate the possibility of using coal gasification slag (CGS) as a combined
aggregate for concrete mixture. To achieve this goal, the fundamental properties and the durability of concrete were
analyzed depending on various combining ratio of CGS into both fine aggregate with favorable gradation and
relatively coarse particles. According to the results of the experiment, slump and slump flow were increased with
content of CGS regardless of crushed fine aggregate with good and poor gradations while the air content was
decreased. For the compressive strength of the concrete, in the case of using the crushed aggregate with good
gradation, increasing CGS content decreased compressive strength of the concrete, while when the concrete used
crushed aggregate with poor gradation, the compressive strength was the maximum at 50% of CGS content. As a
durability assessment, drying shrinkage was decreased and carbonation resistance was improved by increasing CGS
content. On the other hand, for freeze-thawing resistance, CGS influenced adverse effect on freeze-thawing
resistance. Therefore, it is known that an additional air entrainer is needed to increase the freeze-thawing resistance
when CGS was used as a combined aggregate for concrete.
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Table 1. Experimental plan

Factors Levels
W/C (%) - 50
Slump (mm) . 180 + 20
Air content (%) - 45+ 15
Mixture Binder (%) - OPC
Aggregate  Single - csa'
type Mixed 2 - MS(CSb”:58%=5:5)
CGS* contents (%) -0, 25, 50, 75, 100
- Slump
Fresh concrete 3 - Slump flow
- Air content
- Compressive strength
(3, 7, 28day)
Experi- - Drying Shrinkage
ment (17180 days)

Hardened concrete 4 -
- Carbonation depth

(1, 4, 8, 13, 26 week)

- Freezing and Thawing
(300 cycles)

High Quality Crushed Sand
Low Quality Crushed Sand
Low Quality Sea Sand

)
)
)
) Coal gasification slag

1
2
3
4

Table 2. Mixture proportions of concrete

W/C Serie  CGS Unit weight (kg/m’) AEY SPY
(%) s (% w" orc cG? csa MS® caGs (C/%) (C/%)
0

6
0.16 0.18

1) Water

2) Crushed gravel

3) Mixed sand (CSb:SS = 55)
4) Air entraining agent

5) Admixture
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Table 3. Physical properties of cement

Setting Compressive
Density ~ Blaine LOl time(min) strength(MPa)
(glem’)  (emTg) (%) L 3 7 28
Initial  Final days days days
3.15 3 450 20 275 325 284 395 523
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Figure 1. Cumulative distributions with type of fine
aggregate

Table 4. Physical properties of aggregate

Water Passing ratio

e (Ghm)  cbemen GOSN s
cG" 2.63 0.36 0.13 6.71
csa? 2.61 157 344 2.71
ss? 2.62 154 5.42 1.68
csb? 2.67 163 6.82 356
ms® 2.65 159 6.12 2.62

1) Crushed gravel 2) Crushed send 3) Sea send
4) Crushed send (Low quality) 5) Mixed sand (CSb:SS = 5:5)

Table 5. Physical properties of CGS

Distribu-

Water - Passing
. _ tion Safety  Expan- ; :
?e/g;ﬂ%l ab{?(;)r:p of grain test sion (;aOUBOm?; '21?)%?1?333
g o shape (%) (%) O e
ratio(%) (%) sieve(%)
2.62 3.49 62.35 35 0 2.28 323

Table 6. Fineness modulus of CGS mixed aggregate

CGS replacement (%)

Type

0 25 50 75 100
CSa 271 284 297 3.10 323
MS" 262 277 292 3.07 3.23

1) CSb:SS =5:5

Table 7. Chemical and physical properties of admixtures

) ) Densi
Chemical admixture Type Phase Color (g/cmp)/
Water-reducing agent Polycarboxylic Liquid Dark brown  1.05
Air-entraining agent Anion phase  white 1.04
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Figure 2. Slump & slump flow with fine aggregate type and
CGS replacement
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Figure 3. Air content with fine aggregate type and CGS
replacement
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Figure 4. Compressive strength with fine aggregate type and
CGS replacement
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Figure 5. Strength development with fine aggregate type and
CGS replacement
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Figure 6. Shrinkage with fine aggregate type and CGS
replacement
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Figure 7. Resistance of shrinkage with fine aggregate type and
CGS replacement
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Figure 8. Carbonation depth with fine aggregate type and CGS
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