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Recycled aggregate is a valuable resource in Korea in lack of natural aggregate. Government recognizes the importance and suggests
various policies enhancing its use for higher value-added application. Most of recycled aggregate produced currently in Korea,
however, is applied for low value-added uses such as embankment, reclamation, etc. Its higher valued application such as for structural
concrete is very limited. Although domestic manufacturing technology of recycled aggregate is at the world level, recycled aggregate
is not applied for structural concrete. Primary reasons for the limited use of the recycled aggregate include bonded mortar and cracks
occurred during crushing and hence it is very difficult to predict and control the quality of recycled aggregate concrete. This research
intended to grasp combined characteristics of recycled aggregate, high early strength cement, maximum temperature and time
duration of steam curing and then, analyze the effects of factors. Also, it suggested the method to improve field applicability of
recycled aggregate concrete.
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Table 2. Properties of aggregate
Max. size . 3 Absorption
Aggregate (mm) Density(g/cm”) ratio(%)
Crushed coarse ’s 2.69 0.91
Recycled coarse 2.54 2.16
Crushed fine s 2.60 0.92
Recycled fine 2.44 5.17
Table 3. Mix proportions
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Fig. 1. Sieve analysis result

—50-0 series

««««« 50-1 series
60

-=--50-2 series
50

40

30

20

10
0 1 2 3 4 5 6 7 8 9
Steam curing time(hr)

(@) Steam curing curve(maximum temperature 50°C)
80

10

- - ON-60-4
70

—60-0 series
60 N

««««« 60-1 series N N
50 ~ N

---60-2 series . . N
40 : TN N

N R
30 | . ‘o
“\ N
20 —— .
10
0 1 2 3 a4 5 6 7 8 9

Steam curing time(hr)

(b) Steam curing curve(maximum temperature 60°C)
80

10

—70-0 series
70 : s,

~~~~~ 70-1 series AN
60 S AN

---70-2 series "
50 : S

.
40 R RN
. N
30 ,
20 — X
10
0 1 2 3 4 5 6 7 8 9

Steam curing time(hr)

(c) Steam curing curve(maximum temperature 70°C)

Fig. 2. Steam curing method

10



E= 9 12MPa0]

2o 2

5oz

aff Xtx

2
9

Azto| =

EAS
==

0| Z12% X|

]
=

of

wEETHO

| —
[—

2l F=oi

A[ZH0[ 2]

FO2E K&

AT Eot

Al
S

LE 8T
o K E_X.___u_.m__
. = 0 ——
= [ —
0F szl
B3 75W|
w5 ® g E
20 H H_%mo
o X0 Wo|_LI
—ur s 2 <
S W =
00T E S
ol Do oA
4 3Kz BRI
Nk U R
G <Y
7oo|;o_ﬂonAoi
o Ml = K HO 8%
%HJE_E%M_
> 9 g =
3_u_.___oo+oO7m_
¢ = mo YOO
n/._An_m;_Au_.ﬁm.ﬁ_/
or of B ob T Wi
= M of aun Ty N
B4 - o Yo
o mn/_o._._a
LT/ - g
= O mH <
_._.:_L_.N_\Jnn_.HI.AH_X._B
™ I ol 20 of

Air content(%)

0
5
0
5
-0
3.5
3.0

HR series

e N
HN series

ON-60-4

o
©
—

o
~
-

o © © 90 © o o
© nm F M & o O
0 H = A A A A

{ww)dwnis

Fig. 3. Properties of fresh concrete

n
<

Alztol

ES
==

oM Zn2E0| X

7

Klo

1day @ 28day

e

MU or 30 &
= o= N
m 5wy
_70._|_|ql.|
AIW_%_MO
Hom &2 of
Rom oo
aﬂ&._%..:@r_._
H Y
moaﬁ_b
T R
.olof = =0
ooE s D
of & O I
En_JOK_Ou_h_”_m
(o] .
WA oy
2 <~ <
EM%E%
WMQO_A._./.Ol_./I
N
I or ® o1 &
Wz el o5 A
o fu X w Of
_.A_,otam._Wm
T Ho§ o«
m o & X0

nw Q@ w 9 ! o
o ® N & = A

(edw)yrBuansaaissaidwo)

go!

HN-50-0 HR-50-0 HN-50-1 HR-50-1 HN-50-2 HR-50-2 ON-60-4

(@) Maximum temperature 50°C

&Y Ft=E

71

NFAEENS

En
=

0] s&et x|

Fig. 50il M2t 2

1day @ 28day

¢ 8

2 QA
8ol e
LI.H_._HSLl
5 w5
pehod
o K <
W 4 o1 X0 Zn
% oo w
E&:W%w
ao|ﬁ_u_oﬂﬂ_|._
mm_ol_maztm_
— S Ry
MRS
BT L I

= of 53 M
L_M_NO_J_NHE
,ﬁ_A/_._.n_UMm.__au
ﬂ%zoﬂﬁm_n

23U =
T=x48
o_Ezon_UJ_/.AZ
in@eﬁ@._._d.
N ] OB K Ow

w2 1w 9 uw o
n M N

(edw)yzBuans anissardwo)

oK

=
Bl

HN-60-0 HR-60-0 HN-60-1 HR-60-1 HN-60-2 HR-60-2 ON-60-4

(b) Maximum temperature 60°C

1day @ 28day

7ol T
MW o8 T <+
OEWW._.W.__
S o W™
H X0 3
M._HEF._._AOME
~ = o]
_.:._M.VOH_.AAT
w ol A
= o W HA
< K B8 =
_ < <
of o I ol
180 il il
7oEE||._|
K = o ©
N ) LA
Kh = <1 2
— %0 N0
ooRO N
ooy & K
iy
- 0
M_M%%
< = 3 e
%Nm_%
%M.m:._._a%
o099
0 o K S

w Q@ 1w Q@ uw o

(edwi)urBuans anissaidwo)

&718=7 gak

7t=l0 15 AHIEO] HIs

=
o

0l

S

HN-70-0 HR-70-0 HN-70-1 HR-70-1 HN-70-2 HR-70-2 ON-60-4

(c) Maximum temperature 70°C

2014),

Fig. 4. Compressive strength(50°C, 60°C, 70°C)



o= RIFQe

o
-

2 OfF 15mm LHRIZ &t

1. ZHAIUES] M0 et
e

ﬁeﬂﬂ_‘
ol o o .
U=y
,_A::i_%ﬁ
- O| of -
S XD A
W OBE X oy
mur\_0|_ m&ooi
__gﬂ%m..mﬁ_wu_ﬂ
W~ o 5 on
ol o w ™ 3
M m g
Jd e AR
1Al < Ko ©
or W0 o gy
WS
_IT_ETA.F@O
ﬂ%%oﬁé
w0 o -
—_ Rk oP 0=
ol or I X
o L HO 3D
™~ mo - Kl
Hu =
RO 3 <5l S

110
=

oF 12MPa2 &1t

820

11

~NO
__oo
whl

=

b

x|

b

3. 2 iEollM

e, zln=E

7

o
[

F

7
l

A|Zt0] 2A]

=

En
Off w2t Z[h 2f 3MPa Z=7t ALIICH, 3= AS

X|

21

4

1
Age(day)

Ry
o — 0
= (SRS
LA:TEy_
o8 M K{ o
MMNLIJ._‘_‘WM
H oo Y
HOHEMAT
Koy =X
<+ B o0 =
_._.T_EE|A7.ro
R
" Ko o oK
P=C g W
LIO_QO._u
_,OLuN._l.Ar
A._7|_Oxﬁﬁ
ﬂDMﬁHE_M
|_I|Oim.__u_x
HoRoE < o
mm_xmw?oym
S oW d

~d ol
3 M0 S
L R T
oW WH ol q
Kq =0 ~O ol :‘_n_
oo Moy o
S ™~ oo o
< Ko of &K ol

21 28

14
Age(day)

(@) Time duration Ohr

~8-HN-50-0
-0--HR-50-0
—4—HN-60-0
-2 HR-60-0
| ——HN-70-0

45
40 -

-<--HR-70-0

0 Q 1 =]
o0 A ~ ~

(edW)yr8uans 2aissaidwo)

—8—HN-50-1
-0--HR-50-1
—A—HN-60-1

45
40

-4--HR-60-1

——HN-70-1
-<--HR-70-1

n Q n o
o0 o ~ I

(edn)ya8uans aaissaidwio)

ey
1l

IE
A
o

o

0 oy of AT

< o3 U =]

) il
Ko moum oo

e
CHem, 0]
==
o

Nez
TePHAE
t

(b) Time duration 1hr

—e—HN-50-2
-o-HR502 |
—&—HN-60-2
-4~ HR-60-2
—+—HN-70-2
-~ HR-70-2

0

5

8 8 & R

(edIN)yaBuans aajssaidwio)

o
T

3

3
=

L,

Lct,

| —

[

A

=

o3
M

AT

[9)

20|
= TI

pSi=a

1O
Guide to Curing Concrete (ACI

American Concrete Institute,

E
—01)
Ismail, S., Ramli, M. (2013). Engineering properties of treated

AE

(15RDRP-B066780-03)01 2Jal +=2h =

|

308R

7
o

ACI Committee 308, (2001).

ZA| 2
References

IN

28
2FHAE 2

II

o

0

21
EO'
= TI

CH

5

14
Age(day)

(c) Time duration 2hr
Fig. 5. Compressive strength(Ohr, Thr, 2hr)

80 vol. 4, No. 1 (2016)



recycled concrete aggregate(RCA) for structural applica—
tions, Construction and Building Materials, 44(1), 464—476.

Kim E., Sung, B, Lee, H, Kim Y. Park, C. Sim J (2014),
Compressive strength characteristics of high early strength
concrete mixed with recycled aggregate, Korean Recycled
Construction Resource Institute, 14(1), 217—218 [in Korean],

Kim, S, (2014). Durability Characteristics of High Early Strength
Concrete Using GGBS, Master's Thesis, Hanyang University,
Korea,

Kim, Y., Lee, H, Park C. Sim J. (2013),
evaluation of recycled aggregate concrete block reinforced

Performance

with GFRP, Journal of the Korea Academia—Industrial
Cooperation Society, 14(12), 6565-6574 [in Korean],

(2011),
Recycling Construction Waste(2nd) [in Korean],

Korean Ministry of Environment, Basic Plan for
Korean Ministry of Land, Infrastructure and Transport. (2014),
Basic Plan for Supply and Demand of Aggregate [in Korean],
Martin—Morales, M., Zamorano, M,, Ruiz—Moyano, A, Valverde—
Espinosa, I, (2011), Characterization of recycled aggregates
construction and demolition waste for concrete production

following the spanish structural concrete code EHE-08,

Construction and Building Materials, 25(12), 742—748,

Mas, B, Cladera, A, Olmo, T. D,, Pitarch, F. (2012). Influence
of the amount of mixed recycled aggregates on the
properties of concrete for non—structural use, Construction
and Building Materials, 27(1), 612—622,

Nelson, S. C. (2004), High—Strength Structural Concrete with
Recycled Aggregate, Ph, D Thesis, University of Southern
Queensland, Australia,

Samuel, A. W., Anton, K. S,, Robert, W. B,, Jeffery, M. N, (2006).
Evaluation of the maturity method to estimate concrete
strength, Alabama Department of Transportation,

Sim, J., Park, C., Park, S, Kim, Y. (2006). Characterization of
compressive strength and elastic modulus of recycled
aggregate concrete with respect to replacement ratios,
Journal of the Korean Society of Civil Engineers, 26(1),
213-218 [in Korean].

Soutsos, M. N, Tang, K, Millard, S, G, (2011). Use of recycled
demolition aggregate in precast products, phase ii : concrete
paving blocks, Construction and Building Materials, 25(7),
3131-3143

P

>
H_l ufols rﬂ
o HU g M
00 '\
mjo

[0 12 My
o
I
m
I

Hu
H
il
th

SNOHT 4> 0
]

1

7t

Pall
o

MIA

ro

I
r

Bl FHOo2b 3

=

o

[

zl 2016 32 81

3 ==

I



