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Performance Based Evaluation of Concrete Carbonation from Climate Change Effect
on Curing Conditions of Wind Speed and Sunlight Exposure Time

Tae-Kyun Kim', Jae-Ho Shin’, Seung-Jai Choi’, Jang-Ho Jay Kim™

Abstract: Currently, extreme weather events such as super typhoon, extreme snowfall, and heat wave are frequently occurring all over the world by
natural and human caused factors. After industrial growth in the 1970s, earth's temperature has risen sharply. due to greenhouse effect. Global warming
can be attributed to gases emitted from using fossil fuel such as average carbon dioxide, perfluorocarbons, nitrous oxide, and methane. Especially, carbon
dioxide has the highest composition of about 90%. in the fossile fuel usage emitted gas. Concrete has excellent durability as a building material climate
change. However, due to various of physical and chemical environmental effect such as conditions during its curing process, the performance degradation
may occur. Carbon dioxide in the atmosphere causes steel corrosion and durability decreases by lowering the alkalinity of concrete. Therefore, in this

study, concrete durability performance with respect to carbonation from curing conditions change due to wind speed and sunshine exposure time.
Concrete carbonation experiment are performed. using wind speed (0, 2, 4, 6) m/s and sunlight exposure time (2, 4, 6, 8) hrs. Also, performance based
evaluation through the satisfaction curve based on the carbonation depth and carbonation rate test results are performed.

Keywords: Climate change, Concrete carbonation, Satisfaction curve, Performance based evaluation

A8 WA AP AAE SRS
A 0.5 F43] F7ksta glek. aeEE
Aol A @A) BAISHEL Sl 715l
U % gl AF71% D 71E0] B Basi

E9 197090 FAT A5 AN 718 Bato] A7)
27k ol 35Tk ol /| sk Ty #A|4

SR

319, AMTNST 587 38} whapat

2439, AN SR ERE 28T A AA

319, AR EF 873} AL

9319, AN Sk EE AT 0, WAAR

*Corresponding author: jjhkim@yonsei.ac.kr

B =l i3 Eo15 20150 102 1971A] 818] 2 HujFAIH 2015 11
Lo E2AHE AAsHIFUTH

Copyright ©

=< o] ATIAIRE 53] A2 dEtE Hd vl

= o] 4
£ 700 AY A2k BAlolth, A T2 dsle] 9L H A=

SATNRG| SR B ol ibslEkA, HEsea, ofpkeb A&y
e} g2 et TR SRR FAH A

SATNR0] TRRT olksleAT) of

90%E ApA| sk o]tsletao) 79 A FA B0 2 G
v itk 2 Es AAAEEA g4 W7
T AYaL glew, ARSI E A o] AR = 1A

(Kim et al., 2008). 53] &

AN 52] 70% °1 /< A Ty FAYE= B A5
ZaEL] A3xde &30l we} B2, 382 2
Aoz oA st didol TS = 3tk 53] th7]5 o]4t
stetavt FAYE YA vkt eabdES A

gt olg| g Al o2 ZATNE Y 7o) G| A St
e A2 A0 Eae T AskE ZelsA Bk
e B 489 B9 A7) H 08 g0, g
Tt rglr] w o 2L YA 2o A7t w5o) Z
L3}tHKwon et al., 2007 ; Kim et al., 2008 ; Jung et al.,

2010).

A B Ao e 71 3AA R AE TS PAYS B3
of LAY E FERE 3 T 7P & Aol &
A= Bt tisk 2 E W AEE stk o SE

2015 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution

Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,

provided the original work is properly cited.

45



3k ERxsE A HolHE nigto 2 A543 7 (PBE ¢
At Fet,

Performance based evaluation)=- A ?l-‘é‘}

N

. BT TEBBII CIE

:rL°ﬂ A AH&IALAL Bk /sS4 7P 2 Bayesian
IS o] 88to] W= 24d& ZAdSh= 21 © 224 Bayesian
‘Er;ﬁl WS TN A FRE ARESHY $AF 3¢
g FHOZRE A& AR o]9|o T E P H = AE-S}
F T B3 2 Aol A ARG o] B S el A
AHoE de HRE EYE ofH AL sljof sh=
ol A= Bayesian &2 W o] 7|27} HH oA H=
7+ Aok

A& 50 & ATolAE= 71E9 04:%7} uHg ZIYE
AR F50 d2AIZ )] tiste] 234 HlolHE g1
3l o] & vlE© 2 Bayesian £-&-& ©]-8-3t] Y743 %5&
Z3h= Aot ol2fg W& Bkl T sel AEel 2
45 75 0284l A-8o] 7FsstH, Tt A4k
E WA & AL Aolth

=3 71E WIS H Il AREEE Hefe A
(Fragility curve) ¥} H|S=51A] WH5% 23418 2H4J 3T}, Fragility
curve®] 73-¢- 20| A Xl gk S FHF=E Hrle}
=0 A5 = A S 24 Bayesian(Ang et al., 2006 ; Box et al.,
1992) &5 FA W& vl o 2 ARS8} S Fragility
2 Bayesian S 7|9 2 fEE YW H7H o E
A, Shinozuka$} Singhal(Sinizuka et al., 2001a ; Shinozuka et
al., 2000b ; Singhal et al., 1996)°l 23} 7|'&H Fragility "4

#?;j

ey

&O

=

o) o of N it ot

e AF i OgeE 3 HU A FE 75 E(Peak
Ground Acceleration : PGA)@tolH, =; & a; o} -2 PGARL
olsle] W &g w0 2 12 A HLEN

AR % T 2 AT, BLEE 2URTFRE A7
ol Fla) S A ()9 e Fej= 2T,
In|—
e @
Pla) =] — ‘

ol

714 o = PGAE, O[] EF3A ATEL IS
Wk 2 Q)01 e 2 (3)0.2 e InL & Hrheteh)
913l Al ghelc.

dlnL _dlnL _
de — d¢ &)

3. &

o¢

Be

WH EZH wiee55%, EHEZ 12
cm, FHEAE 25 mmE ARSI o™ AAVEAEE 27
MPa® A3 Table 1= 3537 G 2AIZl g o<
g FAEAS ekl Aotk F 9 A9 717 ol A
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Table 3 Experimental strength test results

- Sunlight Compressive strength (MPa) Splitting tensile strength (MPa)
Wind Speed
Case o/ p exposure time
(m/s) (hrs) 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 14 1.9 2.22
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
Temperature & Humidity Chamber curing 17.06 23 31.11 1.58 2.18 225
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 2.2
30 30
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% 15 L4} - —l—2m/s-2hr g 15 ? . ~l—2m/s-dhr
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(a) Compressive strength Sunlight exposure time with 2, 4, 6, 8 hrs

Fig. 2 Compressive and tensile strengths versus wind speed and sunshine time
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Fig. 2 Compressive and tensile strengths versus wind speed and sunshine time (continued)
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Table 4 Experimental carbonation test results

Carbonation speed modulus

Case Wind speed (m/s) Sunlight exposure time (hrs) Carbonation depth (mm) (mm/ Vaecks )
1 0 2 52 2.62
2 0 4 6.4 3.18
3 0 6 6.5 3.27
4 0 8 6.9 3.46
5 2 2 6.4 3.21
6 2 4 7.0 3.49
7 2 6 7.7 3.84
8 2 8 7.9 3.93
9 4 2 8.3 4.17
10 4 4 8.5 423
11 4 6 8.6 429
12 4 8 8.6 4.30
13 6 2 8.6 428
14 6 4 8.5 424
15 6 6 9.1 4.53
16 6 8 8.9 4.46
17 Temperature & Humidity Chamber curing 0.8 0.38
18 Wet curing 0.6 0.28
19 Air dry curing 4.9 2.47
4.5 4.5
Y A _® ol A @
3 s 3 35 =
g s g 3 . 2
-g r's —4—0m/s-2hr -3 —4—0m/s-dhr
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g0 I
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5 5 -
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§ 25 4 =& 2m/s-6hr § 25 4 =8 2m/s-Bhr
5 @ =4 /5-6hr _E 2 e Am5-8hr
E 15 —o—6rm/s-Ghr 8 —8—6m/s-8hr
-,g_ 14 '§ 1.
8 o5 4 Y oos |
1 3 4 5 0 1 2 3 a 5
(a) Carbonation speed modulus - Sunlight exposure time with 2, 4, 6, 8 hrs
Fig. 3 Carbonation speed modulus versus wind speed and sunshine time
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