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Abstract

This paper presents an experimental study conducted to investigate the effect of recycled fine aggregate (RFA) on
the mechanical properties and chloride diffusion behavior of mortar. The test results revealed that the addition of RFA
plays an important role in the mechanical properties and pore structures of the investigated mortar specimens as well
as chloride diffusion behavior. The mechanical properties such as compressive strength and flexural strength of
recycled fine aggregate mortar (RFAM) were gradually decreased as RFA replacement ratio increase. The pore
structure of RFAM was examined by permeability tests. The RFAM showed a increment in the permeability
according to replacement ratio increase of RFA. But the chloride diffusion coefficient of RFAM was almost same up
to 50% replacement ratio of RFA due to a chloride binding phenomenon of RFEAM which may compensate the higher
permeability of RFAM.
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Figure 1. Chloride ion binding mechanism of cement

hydration product and recycled coarse aggregate(5)
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Table 1. Experimental plan and mortar mixing proportion

Mortar Mixing Fine Aggr.
Ratio Sub. Ratio (%)

ID. Test Item
W C S N R

N100 100 -
¢ Compressive strength
N70R30 0 L ¢ Flexural Strength
05 1 3 p i
N50R50 50 50 ermeability
* Chloride Diffusion Coeff.
R100 - 100

= W: Water, C: Cement, S: Fine aggregate, N: Natural, R: Recycled

Table 2. Physical properties of natural and recycled fine
aggregate

Measured Value

Mechanical Properties
Natural Fine Aggr. Recycled Fine Aggr.

Density (g/em’) 265 2.4
Absorption (%) 1.00 522
Unit Weight (kg/m?) 1,665 1,550
Absolute Volume Ratio (%) 63 68
Fineness Modulus 293 3.1
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_ 1
K, =2x10 wxﬁ = — — (3
A7, K, © B71& (m)
fon & BAA=E (MPa)
B oo N1000] 3.4x10 “m? N70R30,

N50R50, R1002 zFz+ 3.8x107", 4.3x107"°, 5.7x
10"'m’0] gk UER 712 danie} A H) Sake
Ao] A|ghgo] F7IErE BEEE AR AEHE A
sholal B718-2 Ik A Uehi

o= sl EA %7} Ao} o] £skkaAe] Aghe
o] Z7FE FAAHo] Z7ekal HMAREA ] sl A
tid oz F2lo] Balyl 48 maEel2o] ofo] vkl
Fog sk

3.3 Asi2 A%
Figure 7] 9tA 7Rt =8kb=A) X|eheo] e 22
Ef29] 57|83} HelEEre] BAE Vet 3kt
A Agheo] SRR ARk B71E ARk e
AsFEEAAG0] 79 R100E oF 45X 10 Ym’/s& T2
A@A ] vl AtiE oz 2 GSESAARRE Ve oL
N100, N70R30, N5SOR50-2 oF 35~33x 10 “m”/s #$2]
GARE AelEshHARE L)
Figure 80| 7] 71 17]ollA] AlAEkaL
o} AstESAAKRe] AlA|eL B AHE

oF=7le

==
=]
= s
Az

=

ol
:

=

483

=

= AR ARAIY dskEsRAle FheE st
(D/Drioo) 3t LERTE,

U=7dwet detEshiAlee] AE B 71E A
Tl A= N100, N70R30, N50R50, R1002] ¢t&7bw7}
717} 44,9, 39,9, 35.7, 30.5MPai Zopdsg o313t
AR Hl= 1.0, 1.2, 1.3, 1.5% Z718K= 73S vt
Wict e B AT N100, N70R30, NSORS0
2 0.9~1.0 9] AR detEshiAlmE e
A It

50
w
g R100
o 48
=]
& 42
3 N70R30
[#] o SRS b
Tas | .
9 N100 |
g ¥ o __”/,
234 | ----==""N50R50
@E Similar chloride diffusion coeff.
©
® Inspite of permeability increasing
530
G
e
Q 0 L,, L 1 L L L L

0.0 3.0 35 40 45 50 55 6.0

Permeability (x10-"%m3)

Figure 7. Chloride diffusion coefficient of mortar according
to the permeability

fa
o

wi B,

wh
[s:=]

——Exp.

il
(=]

LY

.
Sy
-
B,
-

3 Lee&Kwon Model'”

g
a}
a
o
T
Hq:j 14 D =-0.A778 x f23 + 36.323
> RIDD ™,
Q b i
512 ~
- N7OR30 "~
‘E 1.0 =
5 .
o N5ORS0 N
E 0.8 _-
g ]
O O O L‘f L L L L
0 30 35 40 45 50

Compressive strength (MPa)

Figure 8. Relationship between compressive strength and
chloride diffusion coefficient



Evaluation on the Chloride Ion Diffusion Coefficient of Mortar Depending on Replacement Ratio of Recycled Fine Aggregate

Sifol

=014 F2T} CA, CAF
I3 <«

2] *E%‘(Fnedel s Salt)& ]
ofeld] 1A o= S EEfAdl
1gapt o £ He8

wfebA] 2 Atollx GEREA XIS 50%7H] AR

ASHEEAAG7F et 21 8EA) Aghgol S
5 o3t BA4o] Al 571e-E S7Isl] JRollA
=S dlEo] ofe ZrlaiR|nt LakiaAjel Eakg
HEEER Q) ke ofg AT 4 e AMIE 43t

o) o] F7R| WlEoE A

4.2 &
B4 AEge) e merze o
QBB W 23 o)

A

H>

7|
o]
=

tlo g.qo
+

1) BEAe] Agheo] SIS HEEE o] ofsh
EXC ARl 7|88 2yl AS el
o= EhEAe] 23 7| HEEEO] Efow
Mz B8 mEse 220 vt 457 thtl
= gk
LA A|gheo] S7HEE e B3 UK
A9t AskEEiAlg= 50% ASHETIA] FARE At
L}E}‘fiﬁ} wlEpi] 910 ohbEA X|gko s
kAol 23 7| BEEk=of| ot HskE il
J—}“ 7IeE 4= Qlckar sekEch
Aol e cSHEAE ARSSE HEEES gl
%‘ﬂﬁﬁ*w**" Briste] =gkaAle] dst
7Fe/dE Rl 1y dsEay Ak
B4t} 5 ofg] 8ol oJsf Fake 7| whel] %
3t 2015 Bt H53hAQl dslebgolA st
BpPF Eed 2 oR wetEr)

r%

Jint

_g

2)

A
Ruiy il

3)

i o rh:: on H> i

“fL

R8s

= I__
214 5Ee

ok
b |

]
ar

ru

B AATA] ol oA A

484

O] A0 S0k S afelet, e
H7lEs AR T 2EA AR Aol diFEal
At olell SREAE AR S| S0l dieh B
Q7)Y glovt Rl Age] RyHel Az
& e gk shigt 22 758 FH0R

Ayfso| Halsal glon 1 F wflm2oAl 2t
w229 QelRuyarle) et AT By lrk
P £ Aol SHFL AR U L g
o] ot gatEnAgel felslttn i sEaE
A3t R E2El20] Ak EAlv} AslESALS H71sE 2
T} 23kEAle] QSR aTE SHoldt,

A0

FI}E  TEEEM, BEZEELE, HA0|21Y, ok
Acknowledgement

This study was supported by research fund of
Chungnam National University in 2014,

References

Koo BM, Kim JHJ, Kim SB, Mun SH, Material and structural
performance evaluations of Hwangtoh admixtures and recycled
PET fiber—added eco—friendly concrete for CO2 emission
reduction. Materials. 2014;7(8):5959-81.

Fenollera M, Miguez JL, Goicoechea I, Lorenzo J, Experimental
study on thermal conductivity of self—compacting concrete with
recycled aggregate, Materials, 2015:8(7):4457—78,
Yoshitake I, Ishida T, Fukumoto S, Recyclability of concrete
pavement incorporating high volume of fly ash, Materials,
2015;8(8):5479-89,

Ann KY, Moon HY, Kim YB, Ryou J. Durabhility of recycled
aggregate concrete using pozzolanic materials, Waste
Management, 2008;28:993-9,

Ministry of Environment, Environmental Statistics Yearbook
2014, Seoul (Korea): Ministry of Environment; 2014, p, 287—305,
Zaharieva R, Buyle—Bodin F, Wirquin E, Frost resistance of
recycled aggregate concrete, Cement and Concrete Research,
2004 Oct;34(10):1927-32.

Pedro D, de Brito J, Evangelista 1, Influence of the use of recycled
concrete aggregates from different sources on structural concrete,
Construction and Building Materials, 2014 Nov;71:141-51,



10,

11,

12,

13.

14,

15,

16.

17.

18,

Pedro D, de Brito J, Evangelista L. Performance of concrete
made with aggregates recycled from precasting industry waste:
Influence of the crushing process, Materials and Structures,
2015 Dec;48(12):3965-78,

Manzi S, Mazzotti C, Bignozzi MC, Short and long—term behavior
of structural concrete with recycled concrete aggregate, Cement
and Concrete Composite, 2013;37:312—8,

Duan ZH, Poon CS, Properties of recycled aggregate concrete
made with recycled aggregates with different amounts of old
adhered mortars, Materials & Design, 2014 Jun;58:19-29,
Enric V, Marilda B, Diego A, Cristian J, Susanna V., Improvement
of the durahility of concrete with recycled aggregates in chloride
exposed environment, Construction and Building Materials,
2014 Sep;67:61-7.

KS F 2573, Recycled Aggregate for Concrete, Korean Agency
for Technology and Standards, 2011,

KS L ISO 679, Methods of testing cements—Determination of
strength, Korean Agency for Technology and Standards, 2006,
KS L 3317, Testing method for permeability to gases of refractory
products, Korean Agency for Technology and Standards, 2013,
NT Build 492, Concrete, mortar and cement—based repair mate—
rials: Chloride migration coefficient from non—steady—state mi—
gration experiments, Nordtest, 1999,

Burkart I, Cervenka Jan, Curbach M, Dehn F, Gehlen C, Glavind
M, Mechtcherine V, Muller HS, Di Prisco M, Plizzari G, Reinhardt
HW, Vandewalle 1, Walraven J, Model Code 2010, First complete
draft. Lausanne (Switzerland): International Federation for
Structural Concrete; 2010, Vol, 1 Part I, Design Input Data;
p. 518,

Lee SH, Kwon SJ, Experimental Study on the Relationship be—
tween Time—Dependent Chloride Diffusion Coefficient and
Compressive Strength, Journal of the Korea Concrete Institute,
2012;24(6): 71526,

Yoon IS, Analysis on Adsorption Rate & Mechanism on Chloride
Adsorption Behavior with Cement Hydrates, Journal of the Korea
Concrete Institute. 2015;27(1):85—92.

485



