AR T ABEFRIXE

‘ =53ETE

$29% H5ANE - 20094 94

pp. 531 ~ 541

TS ADIEN ZIRIE AT R0 L2 3UA SN

Properties of Hydration Heat with Compressive Strength Level of
High Flowing Self-Compacting Concrete
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Abstract

The research analyzes and investigates conventional concrete, hydration heat, set, and mechanical properties by making high
flowing self-compacting concretes of binary blend and ternary blend as one of evaluations about the properties of the hydra-
tion heat of high flowing self-compacting concrete with a strength of 30, 50, and 70 MPa. In addition, it estimates concrete adi-
abatic temperatures by calculating a thermal property value of powder obtained by measuring a heat evolution amount for
powder used in concrete, a thermal property value of concrete obtained by conducting a simple adiabatic temperature test, and
a normal thermal property value of material used in concrete, using a simple equation. Moreover, it analyzes and investigates
the hydration heat property of high flowing self-compacting concrete and the thermal stress caused by hydration heat by con-
ducting a 3D temperature stress analysis for the hydration heat and the adiabatic temperature obtained by temperature analysis,

using MIDAS CIVIL 06 program.

Keywords : High flowing self-compacting concrete, Hydration heat, Thermal stress
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Table 1. Chemical compositions and physical properties of OPC and admixtures

Item CaO SiO, Al,O3 MgO Fe,O3 SO; Insol. L.O.1 Surfacearea| Density
Type (%) (%) (%) (%) (%) (%) (%) (%) (em’g) | (glem’)
OPC 61.40 21.60 6.00 3.40 3.10 2.50 0.21 0.03 3,540 3.15
LSP 43.80 11.06 4.13 1.42 1.44 0.30 - 35.66 4,600 2.69
SG 42.12 3333 15.34 5.70 0.44 2.08 - 3.00 4,159 2.90
FA 6.51 58.20 26.28 1.10 7.43 0.30 - 3.20 3,550 2.18
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Table 2. Physical properties of aggregates

Item| Gmax | Density |Absorption M Unit Mass
Type (mm) | (gem’) (%) | (kg/m?)
G 20 2.68 1.01 6.94 1,626
S - 2.57 2.07 2.76 1,659

Table 3. Mixture proportions of cement paste

Type W/P P (gm)

OPC LSP SG FA

OPC 0.5 10 - - -

LSP30 0.5 7.44 2.56 - -

SG30 0.5 7.24 - 2.76 -
FA30 0.5 7.92 - - 2.08
LSP20FA20 0.5 6.91 1.71 - 1.38
LSP20FA10 0.5 7.60 1.71 - 0.69
SG10FA20 0.5 7.70 - 0.92 1.38
SG20FA10 0.5 7.47 - 1.84 0.69
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Table 4. Mixture proportions of concrete

Specified Unit mass (kg/m®)
Type concrete w/C | W/P S/a P SP /Sshll:g (Elomvz
P strength %) |(Vol.%)| (%) | w S G |(xP.%) (mft’n )
(28 day, MPa) OPC | LSP | SG | FA
OPC1 30 50 - 45 178 | 356 - - - 768 | 979 0.3
Slump
CC| orC2 50 35 - 45 172 | 492 - - - 717 | 931 0.5 (mm)
OPC3 70 26 - 39 179 | 690 - - - 551 917 0.8 = 17020
LSP30 30 47 35 51 178 | 378 | 138 - - 786 | 802 | 0.9
LSP20
FA20 30 55 36 51 178 | 324 92 - 75 786 | 802 0.9
H 1532218 50 44 33 51 173 390 - 51 77 786 | 802 0.9
S Slump flow
mm
g lssgfg 50 44 33 51 173 | 390 - 103 39 | 786 | 802 | 0.9 - (650i)50
SG10
FA20 70 31 24 46 151 | 480 - 63 95 687 | 856 | 2.1
SG20
FAL0 70 31 23 46 151 | 480 - 126 | 47 | 687 | 856 | 2.1
Table 5. HSCC fluidity
Rank | Standard Index Mixture
LSP20 SG10 SG20 SG10 SG20
Ttem ISCE2 grade | LSP30 | "pang | FA20 | FAIO | FA20 | FAIO
Flowability Slump flow(mm) 600-700 650 540 660 670 740 750
Time required to flow
7-13 7.9 7.5 11.1 10.8 25.0 21.2
Segregation through V-funnel (sec)
resistance ability | Time required to reach
500 of slump flow (sec) 3-15 3.1 4.5 4.9 4.6 5.1 5.11
Filling height of U-box test (mm) =300 330 340 350 350 340 330
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Fig. 1 Semi adiabatic temperature apparatus of concrete
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Fig. 9 Relationship between compressive strength and splitt-
ing tensile strength
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Table 6. Presumption results of adiabatic temperature

Target K
Type strength (oé) a
(MPa)
OPC1 30 27.85 1.20
C OPC2 50 41.28 1.15
OPC3 70 64.93 1.11
LSP30 30 35.12 1.10
q LSP20FA20 30 32.03 1.19
S SG10FA20 50 34.03 1.22
g SG20FA10 50 37.82 1.12
SG10FA20 70 45.15 1.19
SG20FA10 70 48.96 1.17
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Fig. 11 Curves of presumptive concrete adiabatic temperature
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Table 7. Analysis results of hydration heat and thermal stress

Target Maximum Maximum
Type strength | temperature | thermal stress
(MPa) (°C) (MPa)
OPC1 30 43.03 (53hr) 1.13
C OPC2 50 53.32 (53hr) 1.94
OPC3 70 71.51 (53hr) 3.58
LSP30 30 48.06 (53hr) 1.45
- LSP20FA20 30 46.25 (53hr) 1.49
N SG10FA20 50 48.00 (51hr) 1.76
g SG20FA10 50 50.52 (55hr) 1.97
SG10FA20 70 56.63 (51hr) 2.36
SG20FA10 70 59.58 (51hr) 2.62
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Fig. 12 Temperature history curves and thermal stress history
curves according to time (30 MPa)
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Fig. 13 Temperature history curves and thermal stress history
curves according to time (50 MPa)
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Table 8. Minimum crack ratio of different types of concrete

Type Py | ok

OPCl1 30 1.92

g OPC2 50 1.58
OPC3 70 1.17

LSP30 30 1.63

- LSP20FA20 30 1.66
S SG10FA20 50 1.76
g SG20FA10 50 1.64
SG10FA20 70 1.61
SG20FA10 70 1.52
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