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Chloride Diffusivity of Concrete using Recycled Aggregate by Strength Levels
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Abstract: This paper presents mechanical properties and chloride diffusivity of the recycled aggregate concretes(RAC) in which natural coarse aggregate
was replaced by recycled coarse aggregate(RCA) by compressive strength levels(20, 35, 50 MPa). A total of 9 RAC were produced and classified into
three series, each of which included three mixes designed with three compressive strength levels of 20 MPa, 35 MPa and 50 MPa and three RCA
replacement ratios of 0, 50 and 100%. Engineering properties of RAC were tested for slump test, air content, compressive strength, chloride penetration
depth and chloride diffusion coefficient. The test results indicated that the workability of RAC could be improved or same by RCA replacement ratios,
when compared with that containing no RCA. This is probably because of the RCA shape improving the workability of RAC. Also, the test results
showed that the compressive strength was decreased by 9~10% as the RCA replacement ratios increase. Furthermore, the result indicated that the
measured chloride diffusion coefficient increases by 144% with the increase of the RCA replacement. In the case of the concrete having low level
compressive strength, the increase of chloride diffusion coefficient tends to be higher when using the RCA. However, the trend of chloride diffusion
coefficient in high level compressive strength concrete is similar to that obtained in general concrete. This is because that the effect of the RCA replacement
could be a decrease with increase of compressive strength. Therefore, an advance on the admixture application and mix ratio control are required to

improve the chloride resistivity when using the recycled aggregate in large scale.

Keywords:

1. M

THU

)

A ARl A B4 AR =0 AAF,
157 TS 2 W IAHEE ZTlo) uet 2T E T2
E9] A & HA7L A kAL gl oH o]of whet wid A4 H)
& 22y %Ol 7?0}; AE Aol

20143 3} BAAE ot AdHE F HEA
ZES| ¢ %141 ol A A7t 40,7537 E0] WAYEY 31, HA
AEA7E F 60.8%=EA 718 2 HlES AHAekaL k. 1
Hu Fol| A= B E I EL A, B 9 3= A4t
AA ] v Fe A, Ao 83t AL A T

S 2 AL oftto] A L8 = éﬂ o2 AR AA
A7E ALE 71EAE 780 m=2d =3=Ae] A4
ALEES 201295 36%01 4 201613 =712 45%7FA] Lo

¢

N
o

N

39, (A AL AN EA T AT

39, (A TFAEAALSRAAN DA TY AYATY

819, () BFF AL BAA A G AT Y MY AT

489, () FHARABIAN YDA FATY

*Corresponding author: 14923 @kcl.re.kr

ol = tiS E9] 520161 42 19714 SH3] 2 By AIH 20161 5€
S E2AAE ARSI UL

 BAAA

Construction Waste, Recycled Aggregate, Concrete, Attached Mortar, Chloride Diffusivity

5]-& z¥31 QITHMinistry of Environment, 2014).
Ao AR EAZFHY =28 A8
HARS 10 siRlon, B S00 T4 Yol w2 it
37} T A 0 2 g AtE o] 43 A) 2] A&
A0 cPgET mebA] w@-EAe] A8
a mmm Wk B2 eME BaelE
A2 0] AZE 7s7hEe] 7 = Aotk
A E ZAYER A5E 85t7] flsixde AAH
F4273%50] Fr oo} gt oI A F
E e A= A2 BRaE 1 3lom o] 3k
Sz Aol F2HE o] REEE9) o] 2 ]It
157} F 83 A1 0 E 44 JTHMontgomery et al.,
1996; M. Barra de Oliveira et al., 1996; Poon et al., 2007,
Kwan et al., 2012; Xiao et al., 2005; Berndt et al., 2009).
CSIRO®| 7}ol EgRlol A= ’“ﬂizﬂi AR G- F
w9 AP Eol| A8 RS AL 2l om AT thA)
£-530%= BICSIRO, 2002)3}+L k. =8-ZA o] vre- oj
AEE A ol e wSEAIZ A2 FA Bl gk
A 7o WS g g Zow ddstal ot
(CSIRO, 2002; Poon et al., 2007; Sagoe Crentsil et al., 2001).

N

it
e bR

oy o

’“ L
o ru&ﬂ

o\

=

ar

=
2=3}
LY

o

)

o rlo m_>.:r
y

Lrﬁlﬂ
o 1o

A
¢
il

Copyright © 2016 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.

102



w3l o] H9-E KS F 2573 E38ER 82,9
&= AP%E‘:— AAZA ] 30%0]3HE AR S-S
Sl ok 28U T 5324 9] AAkA) 2B 9] whA

A
)

K rlr

o

o= 3R] FAL AR G AL glor} o F HE
3 w324 Ea2lE0] 9542 S 54 Fo] YAl o
8 59l AR o2 B ggolry

e
A

whebd E AT A B Fhel A AT Qe 2
YES £F FLIANE A TS GERE 5
of Wet <8 FeBAS EUE Wel} ZaYEe] Qs
4t EAol M)A Fake BAe] £R2A AT 5

F

= 93 7| 2A B AF3taA} gt
2. MEAY X ¥
2.1 dEeol 3 gt

3 Z2TAS LS 2P EY J5E M EAS
HESV| St 4= 2 =AY EdES T8
AeiAz AA3AY. 2T ES] VB EAo7A &Y
I 7% A 28Y ASFAEE SN o dsl=E gt
EA AL felAE gslkE o2 IFZo] ¢ dskE gt
A5 S8ATE AT o2 AAV|E ASHEE
39321, 35 2 50 MPa) O & A A3} 31 43+ #- 234 o] X8
&2 HA F&ZA 4] 0, 50 H 100% = AR o
B Ao I E A ZE 93 vl E-2 Table 13 2t}

22 AREXIZ
221 AHE

B Ao AMEE ARIEE UE 314 glem’, LT 3,459

Table 1 Mix proportion of RAC

W/C S/a Unit weight(kg/m’)

) %) W C G RA S A
SL21-RA0 60 47 180 300 947 0 812 -
SL21-RA50 60 47 180 300 474 450 812 -
SL21-RA100 60 47 180 300 0 901 812 -
SL35-RA0 38 46 183 482 888 0 767 337
SL35-RA50 38 46 183 482 444 422 767 3.37
SL35-RA100 38 46 183 482 0 844 767 3.37
SL50-RA0 28 38 170 607 1006 0 563 5.04
SL50-RA50 28 38 170 607 503 463 563 5.04
SL50-RA100 28 38 170 607 0 925 563 5.04

Factor

W/C=water/cement ratio, S/a=sand/aggregate ratio
W=water, C=cement, RA=recycled aggregate, A=admixture
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Table 2 Properties of cement

Chemical composition(%) Fineness Density

Si0, ALO; Fe,0; CaO0 MgO SO; (cm7g)  (g/em’)

21.1 6.7 29 617 31 084 3459 3.14

Table 3 Properties of aggregate

Properties Coarse Sand Recycled
Aggregate Aggregate
Maximum size(mm) 13 5 13
Apparent density(g/cm’) 2.64 2.51 2.44
Water absorption(%) 0.8 1.48 3.09
Table 4 Properties of admixture
Type PC
Color dark brown
Density(g/cm’) 1.2120.05
pH 7

Fig. 1 Natural and recycled aggregate
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Fig. 4 Non-steady-state migration experiment
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Fig. 5 Slump & air content of RA concrete
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Fig. 6 Compressive strength of RA concrete

Hol1 glom =8 F2EA X2 100% A= AT
o #AGlO] =FEAE AHESHA] B2 79 Blgl oF 9~
10% B =2 AFHE T4 AHE YERT o9} Zo] <=3
ZA) EYell 2 A= A3t YA =F=A] e 2
TA REEEZ Q& iAo} =82 A AlHAte] o] 2
et} =2z A4k Al Aol ofsf EA] v el LAYE
= nAFEe] S7HE =3EA] A e FEAET L1l

Gzl e e Aun

= b AjA o7
= GdQl 21 MPagd 45 94
1

o
1 50 MPagollA]
ARG 02
Bl Aol s Je 2o Ao 7 FokE)

o g

ki rlo
Ay
for b
i
N
ok
ro
2
k=)
it
o)
i
)
ok
ol
b
rr
Jo

TAYEYWRZS H3lE AT AME Ho|2EQ] A&
o 3=, A-Fo| 2E Hol|H ] I3 AU 9| v
= T8 H3l=Y A F L il o A o' U
AWt o g2 FoEAle A ZEEE B SAY
Fo] WAl & ]lal It ZI Y Eo| Hlste] HHA 50l
AstE o] eoaA) S8 SUE A AleF aQlo = g
)31 9lth(Jianzhuang Xiao et al., 2013; L. Evangelista et al.,
2010; Bae et al., 2012). W2hA 2 Aol A= =3h=A o] &
SFS ST A SRS FRE 98] A EY

BEsE D eB FLEA Y BE G FL 5

Fig. 7 2 82 82180 i} 2 =3 F2IA) SagES &
Aol HE 7o) 4 A3} A4 SHAAE YERA A
ot}

o]F st B BE ey 8 52419
EE0] ZUIE = 93E A Ego] L A= A
= 37kl 23 EL YA 5ol AstE = A& YER
t} RAS0%2] 74-9-RA0%0l HIsle] G3lE o] 2 ik

106 SIEIFESTHLXXUZT UL =2Z! H202 H2¥(2016. 3)

40

m fck=21MPa

m fck=35MPa

30 1 mfck=50MPa

20

Chloride Penetration Depth{mm)

0 50 100
Contents of RA(Vol.%)

Fig. 7 Chloride penetration depth of RA concrete
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Fig. 8 Chloride diffusion coefficient of RA concrete
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