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ABSTRACT Extreme climate conditions due to climate change are currently emerging as a global issue. Those conditions include
extreme heat, cloudbursts, heavy snowfall, and super typhoons. These climate conditions directly and indirectly affect construction.
Also, with growing awareness in society regarding environmental protection, it is increasingly difficult to procure and dispose of
construction materials. Although recycling construction waste is considered the best solution, and promoted by various laws and
regulations, recycled construction waste currently has only primary uses, such as filling material. To increase actual recycling, a
wider range of studies on safety and durability of recycled materials is needed. Through safety and durability experiments, this study
aims to determine the performance of construction waste concrete (referred to hereafter as recycled aggregate concrete) in varying
climate conditions (temperature, humidity, wind speed, and sunlight exposure time). In order to study safety, strength was measured
using 3, 7, and 28-day measurements of concrete compressive strength and splitting tensile strength. Also, durability experiments
were conducted both a freeze-thaw experiment and a carbonation experiment.
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Table 1 Monthly mean wind speed at Seoul, Korea [0.1 m/s] (Korea Meteorological Administration, KMA)

Year Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Avg.
2016 25 28 24 24 24 21 21 21 20 21 22 22 22.75
2015 26 29 31 31 32 25 28 24 23 23 27 23 26.83
2014 24 27 30 28 32 26 28 24 21 24 25 28 26.42
2013 27 29 30 34 29 22 34 28 22 25 27 24 27.58
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
Avg. | 2427 | 26.64 | 29.64 | 29.36 | 27.36 | 24.45 | 25.55 | 2455 | 21.73 | 21.91 | 25.09 | 25.00 | 25.46
Table 2 Monthly mean sunlight exposure time at Seoul, Korea (Korea Meteorological Administration, KMA)
Year Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Avg.
2016 6.33 6.73 8.18 7.32 9.04 7.66 5.17 7.62 6.39 6.31 5.78 5.37 6.83
2015 6.24 6.43 8.74 7.20 9.37 8.60 5.68 6.68 8.74 7.73 3.63 5.74 7.07
2014 5.95 5.85 6.93 7.11 9.81 6.16 5.57 4.86 7.14 7.72 6.47 6.31 6.66
2013 5.41 6.69 8.27 7.11 7.68 7.47 3.26 7.03 6.37 8.06 6.27 5.95 6.63
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 6.95 432 6.31 5.68
2010 542 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 7.62 434 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
Avg. 5.98 6.27 6.74 6.62 7.55 6.63 3.65 5.25 6.19 6.88 5.45 5.50 6.06

4

St=E3e|EStS| =2 327 M15(2020)



Table 3 Wind speed and sunlight exposure time curing condition combinations

Case Winds peed (m/s) | Sunlight exposure time (hr) Case Wind speed (m/s) | Sunlight exposure time (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
Table 4 Mix proportion
Coarse aggregate | Slump W/c S/a Air Unit (kg/m’) for
size (mm) (mm) (%) (%) (%) w C S G R/G* | (MPa)
25 120 55.0 42.0 5 183 333 677 709.5 303.9 27
*R/G: recycled aggregate
& T8k 28 st FAE ST s 3 e HE AA A8 Aol M = FA 0] o] 9 o] Thal A A% o
S siate) £ AT FRTEAY, FFDU,IAY o] wyElel @)= FARSIE olol Aol ek
B 2N BYS A NLABES AR AR T Y QRN 0 B S FRI ek 2k
TS R SRS BEREPY RAL LE FHO UL SelE 9 Zel faok F Q5 e
20 °C 2 HIF 1 95 % o1 7dol A < 41:} Table 4+= =1 QAo pate v, o= bl A B e

=z
%, A A715 7
2 Agstgon A

A7Y FAAE

2] E uf %‘+Zﬂ:j: LHE}

lE]_

1&&@@

- Alo] 8

O::
m L"

— 120 mm, w/ci= 55

3. Z=4E Zdu

TEEA 2B ES] F45-d
= Table 59 L2} Atk F45 0 m/s ©
=7 A A ]Zﬂt 27 MPa2] 76 % A =% F3:2.4, 6 m/s

SRRESEE

Heh e AR E N

% 6m/s8 A7 4

242 A A7 =
ATh T4 2,4, 6m/s FA AN E=F
, 6,8 hro] FAZAS A 9kl
AZAIZFAA 28U Hrt HAH o2 A 74]71%

ES R EX

(e}
E%27MPa & ﬁxﬁ 55]EHZ]—|":25mm_
H 37119] $100x200 mm

&4

F271 9] 739 289

MPa®] 59 %2 7 =l A 2 o= et A

27 MPa9) 68 %K.t} 7

A3 A, %

BAETL AHFAES] 1.7-11 %) A&

58 o ot o

A g7t sk

=

Ao o 24 7 A= vERl
H FHx0]

ot

O AHE S} ~’F§}HJ

o Al ko] A g A

A9 QT 712 o) vkl
ole]
7 A =

n

o

Tt Aete = A
% 6 m/s2] Al A 7HE st

0310, 2, 4 m/s2] AHoA 28U A7}
MPaZ A A7 % 27 MPa2] 6.8 %°]t}. dut &

e

.

L
TEE %
L.
o}
H

)

‘W o, r_°|L' = H
offt ME o o
%2 o

oY

>}l
[o

g
N
T
e
b

il‘ﬂ

%
31

701—

—|—‘

"
HJ
Eoﬁ Pﬂ

_°|L

@
TIIUIO
T & (m

ki

MM 2o o
ol ku

F-Y—(‘ ofN B 010 rlr

o
0=
5

0.

=75 27 MPa2] 65, 67, 66 %

U‘:

o]},

CcHTAZ AL AEE AA Y] A 71 E A9
A e el PG E Y Al 22t
28 =7} 3338, 27.64 MPai2 A 7|71 E 7} &= 27 MPas: Rt
s AS & F Utk A AFelM R e 5o %
HALFE 28U Aol A Anb= A o 2fe] 7} o A A ut,
AAVE A e 292 YESTHChung et al.
2006). 5 F ] Aol 3,7, 28U Tt 7HE A UL

T AS L Folon, 7% M 4937, 28U A5} 7+
7} 13.19, 17.63, 21.92 MPa® =< 0 m/s SFY 27104 2] ok
AT} gE} fARHA o= &4 S 18 4= gir) AA A
o7 ZAYE AT AN FiRbEo] Y3

nE g 5ol PR AlA A 28U FEE FHeThE A
27 = & F Ut
%Z}
.9l 4. 232|E EES]
‘%r‘d
i 1.86 4.1 EMES] AIEUHY
91 Sl
s Table 3] F<4-A XA 70 2 A A 3to] k8-S 287 A
=4 Aletel om 28 FAS vk AlH S BHAFSE Al AH| 2 &
=A% A F7F S 28 WAs 5 ghabs) Zlo] & S5t
ol < B} Al §2 2 3= 2042 °C, AUl R4 95 % o, o)At
ER ShebAs 5202 %] 21 0.2 K stglon] fhate AY &
il Al A= A EE +A1 Aot DAY FA A E AFESFATE AF
A= 7 EE FAIAC] A9 vl Ao R T o) o=
240l 2 =3EHE 0125t 2T2|EL| SZ Saliet Etitst MEtd MsHE | 5



Table 5 Strength test results of wind speed-sunlight exposure time

Case Wind speed | Sunlight exposure time Compressive strength (MPa) Splitting tensile strength (MPa)
(m/s) (hr) 3 days 7 days | 28 days | 3 days 7 days | 28 days
1 0 2 13.34 16.86 19.59 1.46 1.74 1.79
2 0 4 13.08 16.89 20.21 1.45 1.74 1.88
3 0 6 13.25 17.97 21.09 1.47 1.77 1.99
4 0 8 12.17 17.49 21.61 1.42 1.78 1.77
5 2 2 13.57 17.59 16.92 1.35 1.55 1.92
6 2 4 14.14 18.30 17.79 1.45 1.89 1.94
7 2 6 14.15 18.23 18.26 1.60 1.71 1.69
8 2 8 14.19 18.37 17.26 1.61 1.60 1.95
9 4 2 14.06 17.90 17.57 1.48 1.70 1.73
10 4 4 13.11 19.29 17.59 1.50 1.81 1.94
11 4 6 15.66 19.57 18.37 1.51 1.57 1.76
12 4 8 15.03 19.56 19.45 1.55 1.87 1.91
13 6 2 12.67 17.17 15.55 1.38 1.64 1.60
14 6 4 13.90 17.85 20.14 1.58 1.81 1.76
15 6 6 11.73 16.83 17.33 1.32 1.36 1.61
16 6 8 12.21 16.12 18.56 1.32 1.63 1.67
Control specimens
17 Thermo-hydrostat curing 16.85 22.69 27.64 1.59 1.72 2.1
18 Water curing 17.77 23.92 33.38 1.68 1.83 2.26
19 Air dry curing 13.19 17.63 21.92 1.56 1.58 1.86
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Table 6 Test results of concrete carbonation

Case Wind speed Sunlight exposure time Carbonation depth Carbonation rate modulus
(m/s) (hr) (mm) (mm/ Vweeks )

1 0 2 7.36 3.68
2 0 4 9.91 4.95
3 0 6 10.35 5.67
4 0 8 11.79 8.39
5 2 2 8.11 4.05
6 2 4 10.72 5.36
7 2 6 12.13 6.06
8 2 8 13.74 6.87
9 4 2 12.48 6.24
10 4 4 13.41 6.70
11 4 6 14.35 7.17
12 4 8 14.32 7.16
13 6 2 13.44 6.72
14 6 4 14.43 7.21
15 6 6 14.46 7.23
16 6 8 14.60 7.30
17 Thermo-hydrostat curing 4.82 2.41
18 Water curing 4.56 2.28
19 Air dry curing 6.87 3.43
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Fig. 1 Carbonation depth versus wind speed and sunlight
exposure time
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Table 7 Test results of relative dynamic elastic modulus
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Case Wind speed Sunlight exposure time Relative dynamic elastic modulus (%)
(m/s) (hr) 0 cycle 100 cycle 200 cycle 300 cycle
1 0 2 100 95.70 91.85 87.26
2 0 4 100 94.76 91.49 86.70
3 0 6 100 93.37 91.29 83.48
4 0 8 100 92.95 89.86 83.19
5 2 2 100 93.30 89.13 83.36
6 2 4 100 91.40 87.28 81.24
7 2 6 100 89.17 83.04 79.62
8 2 8 100 88.76 82.42 78.31
9 4 2 100 89.12 82.07 78.59
10 4 4 100 87.39 81.57 76.87
11 4 6 100 86.98 81.39 75.49
12 4 8 100 84.33 79.59 74.28
13 6 2 100 86.04 78.98 72.15
14 6 4 100 83.19 73.72 64.21
15 6 6 100 82.17 72.18 63.88
16 6 8 100 80.09 71.65 62.04
17 Thermo-hydrostat curing 100 97.63 95.83 90.49
18 Water curing 100 96.38 95.10 90.23
19 Air dry curing 100 95.95 92.10 88.59
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Fig. 2 Relative dynamic elastic modulus versus wind speed
and sunlight exposure time
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