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The Experimental Study on Hydration Properties of Quaternary
Component Blended High Fluidity Concrete with CO, Reduction
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In this paper, to increase the use of industrial byproducts for CO, reduction and to improve construction performance, it was
manufactured that CO, reduction type quaternary component high fluidity concrete (QC-HFC) with Reduced cement usage by more
than 80% and its quality and hydration characteristics were evaluated. QC-HFC was found to satisfy the target performance, and the
flow and mechanical properties were similar to those of conventional concrete. The drying shrinkage of QC-HFC decreased about twice
compared with the conventional blend, and the hydration heat decreased about 36%. As a result, it can be concluded that the amount
of cracks can be reduced by reducing temperature stress due to hydration heat reduction effect and reducing deformation due to
relatively small temperature difference between inside and outside. Also, As a result of the simulation of the mass structure, the
temperature cracking index of QC-HFC is 1.1 or more, and the cracking probability is reduced by about 35%, so that the crack due to
temperature can be reduced.
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Table 1. Chemical compositions and physical properties of powder

Type SiO, AlLO; Fe,0; CaO Na,O K,0 MgO SO; L.O.I Specific suzrface area Densit}y
(%) (%) (%) (%) (%) (%) (%) (%) (%) (cm’/g) (g/em’)
OPC 21.60 6.00 3.10 61.40 - 3.40 2.50 0.03 3,540 3.15
GGBF 33.33 15.34 0.44 42.12 - 5.70 2.08 3.00 4,160 2.90
FA 58.20 26.28 7.43 6.51 0.80 1.10 0.30 3.20 3,550 2.18
LSP 0.67 0.39 0.51 95.69 0.44 0.05 1.76 0.17 - 4,160 2.50
2|7} TESSICHs EE0| QIX[OE ARIE CHR|o] e 2262 Table 2. Physical properties of aggregates
A|Aslsh= 20| O £20|Ct Type RS CS G
B 212 71 SHS 1N STNRICE T REo| Mels Density(g/em’) 262 261 262
7} O|20{X|T §lom, TAQ| HCH3l} 25| ZlskeT 9lct Absorption(%) 2.11 2.43 0.80
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Table 3. Physical properties of chemical admixture

Density Total solids
I T 1 3
tem ype Color (i) %)
SP Liquid | Lemon yellow 1.04+0.01 34
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= o170IM AIBE Y
3ot

& 2.62g/cm®Q] Z22H(0|a}, RSE <4
& 2.61g/cm’e] B4 D305t CS2 ABHZE 50%M4 &

g Agston], #2S e ZtHRI4 20mmel U= 2.62g/cm’
7

(0|5t G2 orshZ AIRSI%ICH Table 2=

of
| ZMe| 22|15 SEGSHEH A0|of,

2 AR ARE M5 ULHE 232|E0 REMEEE
QI5t0d 2L SAte] E2|ZEMA T8 ALH(Of6F, SPR 245l
TS 34% EIUIS MHSIRICE SPHICl Al Ex| 22k
50 0.5~1.5% 0N ALQ| REAS0| UtEst= AIRES
H2SIQIC) Table 32 A2 E SIStEsIH|9| 22| MEIS LIEt
A Zdo|ct
2.2 Al
2.2.1 MeAE & ufEt

2 AR ME AleE EANAUY 448 185 232(E

(Quaternary Component blended High Fluidity Concrete, 0|3},



Table 4. Mix design

. 3
Tein W . Unit mass(kg/m”) op

Type 0 v OPC GGBF | FA LSP ks e ¢ 0
1 P-HFC(Plain) 30 162 405 54 81 - 441 294 905 1.20
2 QC-HFC 28 160 114 343 57 57 373 373 841 1.25
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Fig. 1. Decision process of PF according to Choi's simple design
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Fig. 2. Concrete mixing method
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Fig. 3. Test results of slump flow
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Fig. 4. Test results of reaching time to 500mm
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Fig. 5. Test results of air content
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Table 5. Analysis Model and conditions
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Fig. 7. Measurement results of drying shrinkage
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Fig. 8. Measurement results of hydration heat
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Type Ground Mat foundation 1 Mat foundation 2 Mat foundation 3
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Cumulative elapsed time(hr) - 150 hr 900 hr 1,300 hr
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Table 6. Specifications and variables

Type Unit P-HFC | QC-HFC
Mechanfcal Compressive MPa 50
properties strength
Coefficient of
thermal /°C 10 x 10-5
expansion
Thermal \eal/
properties Specific heat (ke-°C) 0.25
Thermal kcal/ 23
conductivity (m-hr°C) ’
Steel formwork:
. . keal/ 12.04
Convection coefficient (m*°C) | Exposure to outside
air : 12.04
Final adiabatic temperature rise °C 59.5 37.5
Reaction rate(a) - 1.133 0.630

Table 7. Analysis location and cumulative time

Type Analysis position | Cumulative analysis time(hr.)

Inner center

X-direction side

Mat .
surface portion

foundation 1 10, 20, 30, 50, 80, 120, 150

Y-direction side
surface portion

Inner center

Mat Xedirection side |, 30 50, 80, 120, 150,

foundation 2 |__Surface portion 300, 400, 500, 600, 750

Y-direction side
surface portion

Inner center

X-direction side
surface portion

10, 20, 30, 50, 80, 120, 150,
300, 400, 500, 600, 750,
900, 1000, 1100, 1200, 1300

Mat
foundation 3

Y-direction side
surface portion
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P—HFC 2 QC-HFCO| x|t} & =ZA|CHHL 223 X[l
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=734 2 483°C, 7|z 2ttt 772 4 521°C, 7|= 3¢t 748 U
50.3°C2 LIEIICE,
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Crack Ratio

L

(@) Temperature distribution

Temperature

Time tr)

(b) Hydration temperature according to time(Hr)

Stress and Allowable Tensile Stress

Tie (8

(c) Temperature stress according to time(Hr)
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(d) Crack ratio according to time(Hr)

Fig. 9. P-HFC(Mat foundation 1)
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Fig. 10. QC-HFC(Mat foundation 1)

Temperature

P—
;
/

5528338

FEERE
Tine ()

(@) Temperature distribution (b) Hydration temperature according to time(Hr)
] | [
] 7
|
i | [ E—

(c) Temperature stress according to time(Hr) (d) Crack ratio according to time(Hr)

Fig. 11. P-HFC(Mat foundation 2

-

I 2017 122 409

ro
Hl
)
x
H>
rfon
Pal
%
10
fonr
M

HO
ital



ﬂ
re
o
lo

b
Jhu
P
M

ol
o
rd
£

(@) Temperature distribution

Stress and Allowable Tensile Stress
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(c) Temperature stress according to time(Hr)
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(d) Crack ratio according to time(Hr)

Fig. 12. QC-HFC(Mat foundation 2)
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Fig. 13. P-HFC(Mat foundation 3)
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(d) Crack ratio according to time(Hr)

Fig. 14. QC-HFC(Mat foundation 3)

Table 8. Results of comprehensive analysis

Type(Maximum. Analysis Maximum tempeor ature in the Maximum tensile stress(MPa) Temperature crack index(l.)
temperature reaching node center(°C)
time) P-HFC QC-HFC P-HFC QC-HFC P-HFC QC-HFC
5038 73.4 48.3 - - - R
Mat foundation 1
(150hr) 5224 - - 4.60 2.35 0.7 1.1
5029 - - 3.85 1.96 0.6 1.1
7363 77.2 52.1 - - - -
Mat foundation 2
(300hr) 7349 - - 454 1.98 0.5 23
7354 - - 4.42 1.98 0.5 1.0
9688 74.8 50.3 - - -
Mat foundation 3
(1050hr) 9874 - - 4.01 1.71 0.5 1.1
9679 - - 3.92 1.67 0.5 1.1
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2 xuisk =H HHEO0|A 7|x 1] AL 460MPa ! 2. 36MPs, 3.92MPa ! 1.67MPaZ LIEIGOH, 0|0 M2 LEFEX|4=
7|& 2HO| AL 454MPa 2 1.98MPa, 7|= 3| A< 4.01MPa JI= 106212 7= 2505210 7|=3:05 2
|

fla)

171MPa2 LIERHOM, 0/0f| 2 P-HFC 2 QC-HFCo| 2=
32059 23,

F:LI>1
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122 LIESIC o
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