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Minimum Curing Time Prediction of Early Age Concrete to
Prevent Frost Damage
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ABSTRACT The purpose of this study is to propose a method to predict the minimum curing time of early age concrete
required to prevent frost damage. Tests were performed to examine major factors, which affect the compressive strength of
concrete frozen at early ages and investigate the source of frost damage at early age concrete. The results from the tests
showed that the loss rate of compressive strength decreases as the beginning time of frost damage was delayed and water-
cement ratio was lower. In addition, the test results also showed that concrete made with type III cement was less
susceptible to frost damage than concrete made with ordinary Portland cement and frost damage occurred through the
formation of ice lenses. When early age concrete is being damaged by frozen, a phase transition into ice of free water
presented at the capillary pores of the concrete gives a reason for the decrease of compressive strength. Accordingly, the
frost resistance of fresh concrete can be determined based on the saturation degree of the capillary pores. The method to
predict the minimum curing time was suggested using the concept of critical saturation degree of the capillary pores.

Keywords min. curing time, frost damage, early age concrete
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Table 1 Mixture proportions of concrete

/e (%) Unit weight (kg/m®) _ Ad" (%)
w C S G
30 175 583 591 999 1.0
50 175 350 752 1,031 0.3
55 185 342 729 1,030 0.3
60 175 292 849 1,030 -

"Superplasticizer, ratio of cement weight
'Max. aggregate size of 19 mm

Fig. 1 Inside view of electric freezer
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Table 2 Plan of Test 1 specimens

mim U]O\UJ -

No frost damage

0 6 12 18 24 30 36 42 48 54 60 66 72 78
Time (hours)

Thermocouples Thermocouples

101019

(1) Test 1 (2) Test 2

Fig. 2 Locations of thermocouples (unit: mm)
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Fig. 3 Temperature histories with time of Test 1 specimens
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Fig. 4 Relative compressive strengths with age (Test 1)
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Table 3 Plan of Test 2 specimens
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No frost damage
0 6 12 18 24 30 36 42 48 54 60 66 72 72 78 84
Time (hours)

Thermocouple No.

3
W
L.c

Temperature (°C)
l (-3
3

S eRO—

20 __ Frost damage duraon
- -t

25 Time (hours)

Fig. 5 Temperature histories with time of Test 2 specimens
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Fig. 7 Relative compressive strengths with age (Test 2)
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Fig. 8 Relative compressive strengths with age (Test 3)
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Table 5 Relative compressive strengths at 28 days (Test 3)

w/c 30% 50% 60%

Cement type
I 1 | m | i
Freezing condition

A(0-12) 0351042 ) 047 )| 0491 040 | 055
B(6-18) 0.96 | 0.96 | 0.67 | 0.90 | 0.59 | 0.83
C(12-24) 1.01 | 1.00 | 0.91 | 1.02 | 0.72 | 1.01

D(no damage) 1.00-{ 1.00 | 1.00 | 1.00 | 1.00 | 1.00
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Fig. 9 Temperature histories with time of Test 3 specimens

32| == EEs =2 H193 H1Z= (2007)

1.2
1.0
.E
=]
c
3 084
%
Q
2
n
2 06
g
g Cement type - wic
o 044 —— | - 30%
£ e | - 50%
T e | - 60%
® 02 g~ lll - 30%
~ett-- il - 50%
- e il - 60%
0.0 .

]
12

o

[
Onset time of frost damage (hours)

Fig. 10 Relative compressive strengths with onset time of frost
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Table 6 Test results of min. curing time

Cement type wic (%) Min. curing time (hours)
30 6
I 50 12
60 More than 12
30 6
11 50 12
60 12

60
50
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» 40
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20
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Fig. 16 Results of adiabatic temperature rise test
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Fig. 17 Degree of hydration curve with age
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Table 7 Degree of hydration at the beginning age of frost

resistance
Cement type wic (%) Degree of hydration
30 0.13
I, I 50 0.21
60 0.25

Table 8 Predicted values of min. curing time

Cement type wlc (%) Min. curing time (hours)
30 6
1 50 11
60 16
30
1 50
60 10

25 &  Predicted values
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Fig. 18 Comparison between test and predicted vaiues
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