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Effect of Hardening Accelerators on the Adiabatic Temperature property Properties
of Precast Concrete and FEM analysis for Evaluating the Crack Performance
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Abstract

In this study, initial crack index was evaluated by FEM analysis to find the crack propagation from hydration heat
in precast concrete. As results, as the usage of hardening accelerator increased, initial compressive strength increased
and setting time was shortened. Additionally, as amounts of hardening accelerators increased, the central temperature
of concrete increased and the time to reach the highest temperature was shortened. It was demonstrated that the
hardening accelerators accelerated the hydration reaction of cement, and caused the increase of hydration heat within
the short period of time. Furthermore, the crack index for evaluating the heat level was performed by FEM. As
results, there was no problem about the cracks, despite of the growth of initial high hydration heat. This is because

of the increased tensile strength that is large enough to sustain the thermally

induced-stress.

Keywords : super-high—early—strength concrete, hardening accelerator, non steam curing pre—cast concrete, crack index,
adiabatic temperature rise test
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Table 1. Mixing design of concrete

Ve Unit weight(kg/m®)
% w ¢ s @
HA-0 0
HA-1.2 1.2
HA-1.6 16
HA-2.0 20
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Table 2. Compound composition of cement

Compound composition (%)
CoS CsA
14.71 6.82

Type
GCsS

58.17

C.AF
10.29

HghEarly-Strength Cement

Table 3. Characteristics of sand and gravel

R Densi Fineness Water
Division Type (g/cmgy modulus  absorption ratio (%)
Sand  Washed sand 2.50 2.86 1.02

Gravel Crushed gravel  2.63 6.55 0.58

Table 4. Characteristic of high performance water reducing

agent
o Densi Main
Division g/cmgy component Type Color
High performance Poly - Dark
water reducing agent 1.05 carboxyalte Liquid brown
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Table 5. Characteristic of hardening accelerator

Main

Den3|p/
Component

Color (glem?)

Division Form

Calcium
formate

Hardening

accelerator White

Powder 215

Ca2+(hardening
accelerator)

hydration

Ca?+ Solution

Reaction of
hydration
accelerator l

CsS

Ca?+ Supersaturation

Ca(OH), produce

Early Strength
Properties

C-S-H created

Figure 1. Mechanism of hardening accelerator
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Table 6. Temperature crack index accoring to temperature
crack control level

Case pf crack occuring fr
No crack 15< fr
Limited crack 12 < /<15

Limited harmful crack 07 < fp<12

Table 7. Measurement items

Division Experiment factors
Slump Flow(KS F 2595)
Air content(KS F 2421)

Concrete setting time(KS F 2436)

Unconsolidated
High-Early-Strength
Concrete

Consolidated
High—Early-Strength Compressive strength(KS F 2405)
Concrete
) ) Adiabatic temperature rise test
Microanalysis ) .
Conduction calorimetry
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Table 8. Properties of fresh concrete

Slump Flow Air content Concrete setting time (min)

Specimen

P (mm) (%) Inter set Final set
HA-0 570 1.1 330 400
HA-1.2 600 25 180 280
HA-1.6 630 2.6 70 160
HA-2.0 680 29 60 100
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Figure 2. Compressive strength in accordance with
age and the content of hardening accelerator
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Figure 3. Hydration rate of the first peak point depending on

the amount used hardening accelerator
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Figure 4. Hydration rate of the second peak point depending on
the amount used hardening accelerato
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Table 9. The internal highest temperature of concrete
according to the usage of hardening accelerator

) ! Rate
" The highest Reaching  Temperature .
Specimen 5 . U8 coefficient of
temperature (C) time (hour) coefficient (K) reaction (@)
HA-0 80.7 36 56.9 33
HA-1.2 81.7 30 55.8 39
HA-1.6 825 25 579 43
HA-2.0 83.1 24 58 43
90
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Figure 5. Adiabatic temperature rise test result according to
hardening accelerator content amount
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Table 10. Summary of FEM analysis modeling

Modeling Detailed items

4/1 Modeling
Width : 100cm
Height length : 100cm
Length : 100cm

The starting of analysis for hydration heat

|
I} L

The input on property of material The input on property of fime-

for general elemen dependent element

I I
]

The analysis modeling for hydration heat

i

The definition of

J

The definition for

The definition of
boundry condition function for heating construction sequence

N
The analyzation for temperature history and stress of

concrete according to placing

I}

The analyzation of result for hydration heat analysis

)

The analyzation result for

I}

The evaluation for thermal

femperature history and stress of
cracking index

concrete according to placing

Figure 7. The flow chart for analysis process of FEM

30

Table 11. Input data of FEM analysis

Division Construction Ground
Specific heat (kcal/kg- C) 0.25 0.2
Weight(N/m?) 23540 17000
Thermal conductivity (kcal/m-hr-C) 2.3 17
Exposed 8 8
Convection current surface
(kcal/m* -h-C)
form 8 -
Outdoor temperature () 20 -
___________ Placing temperature (C) .20 ...~
HA-0 56.9
Maximum temperature HA-1.2 55.8
coefficient (K) HA-1.6 57.9
_______________________________________ HA20 .98 .. -
HA-0 3.3
) HA-1.2 3.9
Reaction rate (a) HA-1 6 43
_______________________________________ HAZ20 .43 ..
HA-0 66.6
28-Days compressive HA-1.2 69.3 -
strength (MPa) HA-1.6 63.1
HA-2.0 64.5

revelation calculation of Age compressive strength by
compressive strength apply experimental

Compressie stren%th in 91days 34782x10" 1.0x10°
Coefficient of Thermal Expansion 1.0x107 1.0x107
Poisson's ratio 0.167 0.2
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Figure 8. Temperature history result by FEM analysis

Figure 9= FEMB}AJe]| oft €52
Tgolet, @gel] ot 2R £
I

o

o
o=
S 2 u) AT S B A7) @8

CEERERREH)

2o] 518527}

31

s BE AEA oA 2 geo] sl8-5e e of
Y2 ek AoE Bol gie] o Fao] wlst
A gH= RO Ukt ol HakE A eJsto] A
27)of) 27|47k Wlo] PO B18-3o] 5T
et ByoR pE,

5
—e—Allowable stress(Core) ——Allowable stress(Surface)
4 —A—Temperature stress(Core) ——Temperature stress(Surface) |
A
T 3 A
o e [
= |
7
3 2
»
1
0 . A A A
km 4
Time(day)
-1
(a) Allowable stress of HA—0
5
—e—Allowable stress(Core) —<—Allowable stress(Surface)
4 —A—Temperature stress(Core) ——Temperature stress(Surface)
=
=%
<
@
@
e
7
Time(day)
(b) Allowable stress of HA—1.2
5
——Allowable stress(Core) ——Allowable stress(Surface)
i —&—Temperature stress(Core) ——Temperature stress(Surface)
T3
o
=
@
3 2
17
1 L
[Thermal stress distribution |
DD DA DD DD DD
0 : N
1 3 4 5 6
1 Time(day)
(c) Allowable stress of HA—1.6
5
—e—Allowable stress(Core) —o—Allowable stress(Surface)
4 —&—Temperature stress(Core) ——Temperature stress(Surface)
= 3
o
=3
? 2
i
7
1
0
i Time(day)

(d) Allowable stress of HA—2.0

Figure 9. Temperature history result by FEM analysis



Effect of Hardening Accelerators on the Adiabatic Temperature property Properties of Precast Concrete and FEM analysis for Evaluating the Crack Performance

Figure 102+= 9| Wsh= Alttol| oh2 2%+
45 e Aot} e @A 7t Al X147}
ARGEIA] OFS HA-0 75 2= A7 1,002 e}
5ith. olE Table6ol] Yeh Sl 2ot g@A|o] ool o
2} FrpsiolS o 0,702 Yeyy] wfe] +EdAy
< AT 2 Aow eIt EIF HIEXIA 2 AF
Befo| 571 S5 FEAS= HA-0HT 0.8~1.2 4
Sol= A 0& YT 0|83t o]f<= Figure 804 Lt
EfLpRo] Mg z7]o] AT S7ste] 88390l A
25197] el Ao HrtEch

—=—HA-0 ——HA-12 ——HA-16 —A—HA-2.0

Crack Ratio
P

1 Limited crack index

05

0
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102108114120 126
Time(day)

Figure 10. According to time of temperature crack Index

Table 11. Temperature history analysis result
through FEM analysis
Th(teirrqgafcohrmg The The Temperature
Spedmen  core's highest temperature t%?nps)iggée diffeorgnce %ﬁgf
temperature  of core (C) ) (C)
(hour)

HA-O 30 69.8 R2 36.4 1.0
HA-1.2 18 705 36.2 34.3 1.08
HA-1.6 12 734 37.3 36.1 1.1
HA-2.0 12 738 374 36.4 112
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