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Performance Based Evaluation of Concrete Strength and Freeze-Thaw Resistance
from Wind Speed - Sunlight Exposure Time Effect
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Abstract: The phenomena that we experience in everyday life such as snow, rain, wind, and temperature are referred to as weather, and the average
state of atmospheric phenomena that occur over a long period of time in a specific region is referred to as climate. In addition, significant variation

of climate compared to the average state is referred to as climate change. Concrete structures can have various problems when exposed to elements.
Among the problems, the freeze-thaw problem due to extreme climatic factors such as heavy rain and snowfall has become a particularly significant

issue recently. The concrete that has been subjected to repeated freeze-thaw rather than too high or low temperature shows serious degradation of
durability, and the performance of structures with degraded performance is difficult to recover. Therefore, in this study, concrete durability performance

with respect to freeze-thaw from curing conditions change due to wind speed and sunshine exposure time. Concrete freeze-thaw experiment are
performed. using wind speed and sunlight exposure time. Also, performance based evaluation through the satisfaction curve based on the freeze-thaw

test results are performed.
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Fig. 1 Damage of Climate Change
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Fig. 2 Effect of w/c on 28-day Strength (Troxell et al., 2010)
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Table 1 Monthly Mean Wind Speed (0.1 m/s) over the Past 10 Years at Seoul, Korea (Korea Meteorological Administration)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Avg
2012 25 29 35 34 27 28 27 30 23 23 27 27 27.92
2011 28 26 34 32 28 29 24 25 24 21 27 26 27.00
2010 23 24 29 29 26 21 25 24 23 22 28 30 25.33
2009 25 25 31 26 25 25 23 22 18 21 25 25 24.25
2008 23 27 26 27 27 27 24 25 19 20 22 25 24.33
2007 20 23 27 28 26 23 24 26 25 21 22 24 24.08
2006 21 26 29 30 25 22 23 21 21 20 24 21 23.58
2005 24 28 29 30 24 24 22 26 23 17 22 25 24.50
2004 21 29 27 27 26 21 23 24 22 20 20 22 23.50
2003 25 22 23 25 18 20 18 14 11 20 20 24 20.00
2002 23 20 21 23 23 20 21 20 16 20 24 22 21.08
Avg 23.45 2536 2827 2827 2500 @ 23.64 23.09 2336 2045 20.45 23.73 24.64  24.14

Table 2 Monthly Mean Sunlight Exposure Time over the past 10 Years at Seoul, Korea (Korea Meteorological Administration)

Year Jan Feb Mar Apr May Jun

Jul Aug Sep Oct Nov Dec Avg

2012 6.15 7.76 6.19 7.08 8.11 7.73
2011 7.05 5.95 7.75 6.74 5.82 5.69
2010 5.42 5.04 4.29 5.54 5.76 6.77
2009 6.79 4.49 6.54 6.82 7.75 6.03
2008 5.37 7.73 6.04 6.94 6.90 5.79
2007 5.87 6.13 4.75 6.39 6.36 5.84
2006 5.20 6.16 6.51 4.53 6.42 5.19
2005 6.18 6.35 7.16 6.65 7.59 4.61
2004 5.69 6.42 7.15 7.01 5.38 5.05
2003 2.98 3.39 3.36 4.19 5.51 3.39
2002 3.24 3.7 4.15 5.75 5.65 5.43

4.65 5.12 6.36 7.59 6.04 6.25 6.58
2.59 3.03 6.01 6.95 4.32 6.31 5.68
2.90 3.11 4.88 6.28 6.01 5.09 5.09
3.74 4.87 6.72 7.62 434 4.71 5.87
2.54 6.34 6.15 5.97 5.66 5.06 5.87
2.95 3.41 2.84 5.51 6.28 4.54 5.07
1.11 5.71 6.52 5.97 5.12 5.14 5.30
2.56 3.33 3.79 6.45 5.75 6.58 5.58
2.75 4.77 5.61 8.15 5.22 6.23 5.79
2.79 2.68 3.35 6.31 3.80 5.81 3.96
2.71 1.69 3.98 4.73 3.15 2.61 3.90

Avg 5.45 5.74 5.81 6.15 6.48 5.59

2.84 4.01 5.11 6.50 5.06 5.30 5.34

Table 3 Climate Change Wind Speed and Sunlight Exposure Time

Combinations
Case Wind Sunshine Case Wind Sunshine
speed (m/s) (hr) speed (m/s) (hr)
1 0 2 9 4 2
2 0 4 10 4 4
3 0 6 11 4 6
4 0 8 12 4 8
5 2 2 13 6 2
6 2 4 14 6 4
7 2 6 15 6 6
8 2 8 16 6 8
Control specimens
Thermo - hydrostatic curing 20°C 95%
Water curing 20°C 100%
Air dry curing 20°C 60%
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Table 4 Mix Proportion

Coarse Aggregate Slump w/c Unit (kg/m?) 4
(mm) (mm) (%) w c s g (MPa)
25 120 55.0 183 333 6717 1014 27

Table 5 Strength Results

Wind speed Sunlight exposure Compressive strength (MPa) Splitting tensile strength (MPa)
Case (m/s) time (hrs) 3 days 7 days 28 days 3 days 7 days 28 days
1 0 2 15.57 2424 25.94 1.45 1.92 2.12
2 0 4 14.28 23.78 28.18 1.4 1.9 2.22
3 0 6 15.49 23.55 29.36 1.39 1.9 24
4 0 8 15.99 22.87 28.46 1.52 1.95 2.05
5 2 2 14.66 19.34 17.55 1.3 22 2.07
6 2 4 12.51 18.17 16.44 1.6 1.94 1.65
7 2 6 14.34 22.25 18.36 1.48 2.05 2.02
8 2 8 16.45 22.87 17 1.59 2.17 1.93
9 4 2 14.66 18.97 15.21 1.6 1.98 2.17
10 4 4 13.7 21.01 16.08 1.68 1.99 2.02
11 4 6 14.27 21.8 16.57 1.7 2.14 1.83
12 4 8 13.33 19.91 19.48 1.46 221 1.71
13 6 2 15.11 22.1 17.62 1.74 2.16 1.95
14 6 4 13.03 21.65 20.4 1.6 2.18 1.78
15 6 6 14.46 22.66 19.29 1.61 2.05 2
16 6 8 13.18 19.65 21 1.33 223 1.7
Thermo - hydrostatic curing 17.06 23 31.11 1.58 2.18 2.25
Water curing 18.24 26.6 38.32 1.72 229 2.7
Air dry curing 16.13 23.36 28.61 1.36 1.84 22
i i :
g 20 g 20
i i
8 8
’ Sunligh: exposure tisme (hrs) ’ ’ Sunligh: exposure tisme (hrs) ’
(a) 3 days (b) 7 days
% = ems g N = ss0tys
E 20 ] % N
10 £
° 5 } . . o Thermo-hydrostat Water Air dry
Sunlight exposure time (hrs) Curing condition
(c) 28 days (d) Control strength

Fig. 3 Compressive strength
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Relative dynamic elastic modulus (%)

CASE  Wind speed (m/s) Sunlight exposure time (hr) 0 cycle (%) 100 cycle (%) 200 cycle (%) 300 cycle (%)
1 0 2 100 95.75 94.75 94.74
2 0 4 100 95.23 93.65 93.50
3 0 6 100 94.49 93.59 92.93
4 0 8 100 90.25 89.98 84.86
5 2 2 100 90.74 88.88 80.67
6 2 4 100 89.06 85.51 76.28
7 2 6 100 90.60 86.79 75.19
8 2 8 100 91.64 83.24 72.47
9 4 2 100 90.48 87.76 74.62
10 4 4 100 88.59 81.99 72.01
11 4 6 100 89.32 76.99 71.99
12 4 8 100 87.91 76.52 70.44
13 6 2 100 89.10 79.36 71.16
14 6 4 100 86.63 76.12 71.39
15 6 6 100 88.00 74.47 69.99
16 6 8 100 85.13 75.02 69.63
17 Thermo-hydrostatic curing 100 99.82 99.02 98.13
18 Water curing 100 98.39 97.64 97.63
19 Air dry curing 100 97.97 97.28 95.72
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Fig. 4 Freeze-Thaw Chamber
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