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The Experimental Study on Mixing and Quality Properties of
Quaternary Component Blended High Fluidity Concrete with CO,

Reduction
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In this study, CO, reduction type quaternary component high fluidity concrete was produced with more than 80% reduction in cement
quantity to increase the use of industrial byproducts and enhance construction performance, thereby reducing CO, emissions.
Furthermore, the quality properties, and CO, reduction performance of this concrete were evaluated. As a result of the quality
evaluation of quaternary component blended high fluidity concrete with CO, reduction, the target performance could be achieved
with a 80% or more reduction of cement quantity by mixing a large amount of industrial byproducts. The required performance level
was obtained even though the flow, dynamic, and durability characteristics decreased a little compared to conventional mix. In
addition, to analyze the CO, reduction performance of quaternary component blended high fluidity concrete with CO, reduction, the
life cycle assessment (LCA) of the concrete was performed and the results showed that compared to the conventional mix, the carbon

emissions decreased by 62.2% and the manufacturing cost by 24.5%.
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Table 1. Chemical compositions and physical properties of powder used in the experiment
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Type |Si0 (%) AbOs (%) | Fex05 (%)]Ca0 (%)|Nax0 (%) K:0 (%) |M2O (%) | SO5 (%) [L.0.1 (9| SPecific surface area)  Density
(cm?/g) (g/em”)
OPC | 21.60 6.00 3.10 61.40 - ; 3.40 2.50 0.03 3,540 3.15
GGBF| 3333 | 1534 0.4 42.12 - ; 5.70 2.08 3.00 4,160 2.90
FA | 5820 | 2628 7.43 6.51 0.80 ; 1.10 0.30 3.20 3,550 2.18
cC | 067 0.39 0.51 95.69 | 0.44 0.05 1.76 0.17 - 4,160 2.50
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Fig. 1. SEM photograph of the powder

Table 2. Physical properties of aggregates used in the experiment

Type S G
Density (g/cm’) 2.59 2.67
Absorption (%) 1.56 0.80

F.M. 2.70 7.10

Unit weight (kg/m®) 1.67 1.61
Solid volume (%) 65.27 62.67
Gmax (mm) - 20

Table 3. Physical properties of chemical admixture used in the

experiment
Density 8l (O

Item Type Color (glem’) Total solids (%)

SP Liquid |Lemon yellow | 1.04 £+ 0.01 34
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Fig. 2. Decision process of PF according to Choi's simple design

method
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Fig. 3. Concrete mixing method

Table 4. Experimental parameters(mixing ratio of used powder)

Type ~ Mix Powder (mass.%)

(Mixing name) ¢ o oe |
: (I?IZi(r:l) 100 0 0 0
’ GGB(Fggoiﬁ)lgu?)C 20 [ e | 10 | 10
3 GGB(FGS(S)OlEﬁ)lcozg)C Y IO R R
4 GGB(Fégoiﬁ)lcowc)c 0 | 0 L ao | 10| 30
’ GGB(chigoE?ozgl(():)C ol 20 | so | 20 | 10
6 GGB(Fégoig)zcozg)C 0 [ 0 [ wo | a0 | a0
’ GGB(FG320§?OZCO3§)C 120 | 30 | 20 | 30
e I U I T
’ GGB(Fégogz)S((:)zoc)c 2 20 | 30 | 30 | 20
v GGB(FCZigoE?;((:)m():)C 0120 |20 | 30 | 30
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Table 5. Concrete mix
Unit mass (kg/m’)
W/P
No. P
(%) W S| G
OPC | GGBF | FA CC

1 155 | 484 0 0 0 |820]860

2 155 97 291 48 48 | 796 | 835

3 155 97 242 48 97 | 793|832

4 155 97 194 48 145 | 789828

5 0 155 97 242 97 48 | 789|828

6 155 97 194 97 97 | 786|824

7 155 97 145 97 145 | 782821

8 155 97 194 415 48 | 782820

9 155 97 145 145 97 | 779|817

10 155 97 97 145 145 | 775813
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Table 6. Analysis results on the amount of CO, content
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Table 7. Analysis results on manufacturing cost of QC-HFC

CO, Emissions in accordance with step — ; - >
. (kg-CO»/m’) Type CO» Emissions in accordance with step (kg-CO»/m”)

ype OPC | GG | FA | CC S G | sp
= et Cost (won)| 76.0 | 45.0 |25.0| 50.0 | 180 | 18.0 | 1,000

1 Plain 466.4 1.48 2.14 470.03 1 36,784 - - - 14,760 | 15,480 | 7,744
2 |G60F10C10 138.1 0.97 1.51 140.52 2 7,372 | 13,095 1,200 2,400 | 14,328 | 15,030 | 5,808
3 | G50F10C20 175.1 0.96 1.57 177.59 3 7,372 {10,890 (1,200| 4,850 |14,274| 14,976 | 5,808
4 |G40F10C30| 211.3 0.95 1.65 213.90 4 7,372 | 8,730 {1,200| 7,250 | 14,202 | 14,904 | 6,776
5 |G50F20C10 138.5 0.95 1.43 140.85 5 7,372 {10,890 (2,425| 2,400 | 14,202 | 14,904 | 6,776
6 | G40F20C20 175.4 1.04 1.44 177.96 6 7,372 | 8,730 |2,425| 4,850 | 14,148 | 14,832 | 7,275
7 |G30F20C30| 211.7 1.03 1.44 214.20 7 7,372 | 6,525 |2,425] 7,250 | 14,076 | 14,778 | 7,744
8 | G40F30C10 138.8 0.84 1.43 141.14 8 7,372 | 8,730 |3,625| 2,400 | 14,076 | 14,760 | 7,260
9 |G30F30C20| 175.8 1.23 1.44 178.56 9 7,372 | 6,525 |3,625| 4,785 | 14,022 | 14,706 | 7,260
10 |G20F30C30| 212.1 1.10 1.44 214.68 10 7,372 | 4,365 |3,625| 7,250 | 13,950 | 14,634 | 7,260
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