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Performance Based Evaluation of Concrete Material Properties
from Climate Change Effect on Wind Speed and
Sunlight Exposure Time Curing Condition
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ABSTRACT Currently, due to global warming, occurrences of extreme climate phenomena such as heat wave, heavy snow, heavy
rain, super typhoon are continuously increasing all over the world. Due to these extreme climate phenomena, concrete structures and

infrastructures are exposed to serious deterioration and damage. However, researches on construction technologies and standards to
confront the climate change generated problems are needed presently. In order to better handle these problems, the validity of the
present concrete mixture proportions are evaluated considering wind speed and sunlight exposure time based on climate change

record in Seoul, Korea. The specimens cured at various wind speed and sunlight exposure time conditions were tested to obtain their
compressive and split tensile strengths at various curing ages. Moreover, performance based evaluation (PBE) method was used to
analyze the target strength satisfaction percentage of the concrete cured for the curing conditions. From the probabilistic method of
performance evaluation of concrete performance, feasibility and usability of current concrete mix design practice for climate change

conditions can be evaluated.
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Fig. 1 Parameter levels of concrete mixture properties
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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
Aveg | 2345 | 2536 | 2827 | 28.27 | 25.00 | 23.64 | 23.09 | 23.36 | 2045 | 2045 | 23.73 | 24.64 | 24.14
Table 2 Monthly mean sunshine 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 4.65 5.12 6.36 7.59 6.04 6.25 6.58
2011 7.05 5.95 7.75 6.74 5.82 5.69 2.59 3.03 6.01 6.95 4.32 6.31 5.68
2010 5.42 5.04 4.29 5.54 5.76 6.77 2.90 3.11 4.88 6.28 6.01 5.09 5.09
2009 6.79 4.49 6.54 6.82 7.75 6.03 3.74 4.87 6.72 7.62 4.34 4.71 5.87
2008 5.37 7.73 6.04 6.94 6.90 5.79 2.54 6.34 6.15 5.97 5.66 5.06 5.87
2007 5.87 6.13 4.75 6.39 6.36 5.84 2.95 3.41 2.84 5.51 6.28 4.54 5.07
2006 5.20 6.16 6.51 4.53 6.42 5.19 1.11 5.71 6.52 5.97 5.12 5.14 5.30
2005 6.18 6.35 7.16 6.65 7.59 4.61 2.56 3.33 3.79 6.45 5.75 6.58 5.58
2004 5.69 6.42 7.15 7.01 5.38 5.05 2.75 4.77 5.61 8.15 5.22 6.23 5.79
2003 2.98 3.39 3.36 4.19 5.51 3.39 2.79 2.68 3.35 6.31 3.80 5.81 3.96
2002 3.24 3.71 4.15 5.75 5.65 5.43 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
Ax For FAHY e AR DAt 49 Table 3 Climate change wind speed and sunshine combinations
= = 1= Z Lol ob-A] A Al B}AA =0
;Jig - j:‘;?j i _d} o %}j Z}i‘isg ;jﬂi Cace| Wnd speed] Sunshine [ . TWind speed [ Sunshine
S =% : - A (m/s) (hr) (m/s) (hr)
AF=E BA AEFY v goE A Yk — —T ? >
3.2 AISIEA 2 0 4 10 4 4
===t 3 0 6 11 4 6
B Qe E Sl puagels 2 9gL Wol 0 ° (2L "
vA Zlow weEs dake 719904 3 B4 A%A > 2 2 (bl ¢ 2
22 Agstel vk 230 A4S AASACE Table 6 2 N 6 A
19} Table 23 317 109 5] A&x]e] F&3t Az L 6 | b 0 6
7o) 4 HEGES A7 e Aolth F40) A 8 2 8 |16 6 8
2 od, € HFEe] 2~3ms Akl Sl RS <
S glom dxAzte] B¢ F43 vhz A, 48 o A7F A AT velr T AdE ek A
Faksol i Hssths 22 & 5 lek spHut g OFM 7880 B, Aok HFS) dFen Ne)
- = A0 ok 2 0

4e) A% e APFunt AAsH Ax2Are] Hoix)

.

_1

¢

=

© 25 g & 5 glon. I olfE dxAgtelghe A

7|zesie

| S5

LRAZIO| HE 2

H%

[ —

© AA ARl F4F]

w2 Aol A ofel Ab

2| HBENO]



Table 4 Mix proportion

Coarse Aggregate | Slump Air w/c S/a Unit(kg/m’) fa
(mm) (mm) (%) (%) (%) w c S g MPa
25 120 5 55.0 42.0 183 333 677 1014 27
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Table 5 Experimental results

Wind Speed . Compressive strength (MPa) Splitting tensile strength (MPa)
Case Sunshine (hrs)
(m/s) 3days 7days 28days 3days 7days 28days
1 0 2 15.57 24.24 25.94 1.45 1.92 2.12
2 0 4 14.28 23.78 28.18 1.4 1.9 222
3 0 6 15.49 23.55 29.36 1.39 1.9 2.4
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 2.2 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 2.21 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 2.23 1.7
Standard curing(20°c-95%) 17.06 23 31.11 1.58 2.18 2.25
Wet curing 18.24 26.6 38.32 1.72 2.29 2.7
Air dry curing 16.13 23.36 28.61 1.36 1.84 22
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Fig. 4 Compressive and tensile strengths versus wind speed and sunshine time
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Table 6 Virtual data points for Sunshine and wind speed

parameter

Sunshine exposure Wind speed

time (hrs) Data no. (m/s) Data no.

-3.5 1 -5.5 1
2.5 6 -4.5 6
-1.5 27 -3.5 27
4.5 1726 2.5 1726
12.5 6 10.5 6
13.5 1 11.5
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