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ABSTRACT

This paper is to determine the possibility of re-using waste concrete from Incheon city area. The strength test
was conducted with five aggregate compounds which was replaced a natural aggregate with recycled aggregate.
After checking the physical characteristics of recycled aggregate compounds, the mix design of recycled concrete
was conducted. For the relatively comparison between natural and recycled compounds, while the unit aggregate

weight was changed, other conditions were fixed.

The freezing and thawing test which included fly-ash and super-plastezer were performed to check the
durability and workability when recycling waste concrete. In the physical characteristics of recycled aggregate, it
was found that the specific gravity of recycled coarse aggregate and recycled fine aggregate satisfied the first
grade of recycle specification(KS), and all compounds of recycled aggregate also satisfied the second grade of
absorption specification, Especially up to the 50 % substitution of recycled aggregate is equal to or a hit lower

than that of convention aggregate.

In comparison with conventional concrete, the recycled concrete is lower than maximum by 7 % in compressive
strength decreasing rate after freezing-thawing test. From now, although most of recycled concrete was used to
the building lot, subgrade, asphalt admixture, through the result. It was proved that possibility of re-using
recycled aggregate as the substructure of bridge, retaining wall, tunnel lining and concrete structure which is not

attacked the drying shrinkage severely.
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Table 1 Various test condition

re%%?eg fa;zl.r(log%)) Coarse aggregate Fine aggregate
Nﬁ}go River gravel 100% | Beach sand 100 %
N-70 River gravel 70%, | Beach sand 70 %,
R-30 Recycled coarse Recycled fine
aggregate 30 % aggregate 30 %
N-50 River gravel 50 %, | Beach sand 50 %,
R0 Recycled coarse Recycled fine
aggregate 50 % aggregate 50 %
N-30 River gravel 30%, | Beach sand 30 %,
R-T0 Recycled coarse Recycled fine
aggregate 70 % aggregate 70 %
N-0 Recycled coarse Recycled fine
R-100 aggregate 100 % aggregate 100 %

Note : N: natural aggregate, R : recycle aggregate
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Table 2 Test result of fineness of coarse and fine

aggregates
Classi- N-0 | N-30 | N-30 | N-70 | N-100| KS
fication |R-100| R-70 | R-50 | R-30 | R0 | spec
Coarse agg.| 64 | 702 | 692 | 697 | 74 | 6~8
Fine agg. | 315 | 302 | 29 287 | 282 [23~31
Table 3 Results of abraison test
Class. Sarmple 1 | Sample 2 | Average
Sample weight(f) 5000 5000 5000
No.12 Sieve remain
weight(f) 3140 3047 30935
Dry weight(f) 3112 3022 3067
abraison rate(%) 3776 3956 3866
Loss weight(f) 1838 1978 1933
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Fig. 4 Grain size accumulation curve of coarse
aggregates (N-70, R-30)

olFix|oje| 25| HP |28 WBHE HE8 uER

E2| YTy

A Tl dEol Sle f71E

T2 .,] aﬂﬂ.;{%\i

AEAY A ThsoRE WAske AP o KS F 2510

f

AAste] AABIATE AlFAT= Table 49 2] 4

33 A94E A3k

37 A
Fig. 129 7k ml2~Ady Qo] Agdgdo] 538
o]il FZof Hole wAYr] ok godo] AAIF
100 [ [ [ [T1 |
r Gradation curve
80 || 4+ N-50, R-50
< Lower limit
Q L © Upper limit
3
g) 60 — 7>/
5 I
s
= 40|
. o
3 L
o
o 20—
F | <} |4
o el
1 - 10 100
Sieve size (mm)
Fig. 5 Grain size accumulation curve of coarse
aggregates (N-50, R-50)
100 [ [ [ T T71
= Gradation curve
-+ N-30, R-70
80— < Lower limit
= | < Upper limit
E
Q 60—
© L
a
S 40—
O
@ L
a
20—
= | <
0 ralll
1 - 10 100
Sieve size (mm)
Fig. 6 Grain size accumulation curve of coarse
aggregates (N-30, R-70)
100 [ [ [ 1711 %S
r Gradation curve
- N-0, R—100
80— < Lower limit
L < Upper limit
9
= 60|
2 b
* |
o
2 401
=
@ L
@
o sl
- | .
0 il
1 - 10 100
Sieve size {(mm)
Fig. 7 Grain size accumulation curve of coarse

aggregates (N-0, R-100)

199



100
Gradation curve
+ N-70, R—-30
80 < Lower limit
< Upper limit

N

g

o 60—

£

8 b

2 |
40

5 ¥/

8 i

£ pd

20— o/ /
2 e
//
1 10 100
Sieve size (mm)

Fig. 8 Grain size accumulation curve of fine
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Fig. 9 Grain size accumulation curve of fine
aggregates (N-50, R-50)

Fig. 12 Test of recycled aggregate organic

sediment
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Fig. 10 Grain size accumulation curve of fine
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Fig. 11 Grain size accumulation curve of fine
aggregates (N-0, R-100)

Table 4 Result of organic sediment

Class. No. 1 No. 2

Result Good Good
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Table 9 Physical properties of fly-ash
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Table 5 Properties of cement

) Condensation Compressive
Gravity Ftngf;le)ss (min.) strength(kgf/cm’)
W& | First | Final |3days|7days | 28 days
315 3240 | 57 | 7720 | 14 | 216 | 3
Table 6 Properties of aggregate
Max. size . Absorption | Fineness

Class. (rmm) Gravity rate(%)  |modulus(%)
River agg. % 261 093 704
Recycled -

e % 242 409 64
Sea sand 475 262 088 282
Recycled

o 475 235 846 315

Table 7 General mix design (Recy.: Recycled)
Coarse agg.| Fine agg.
Recy. | WC| Stump| Sa| Water | Cement| (/m) | (ke/m)
65 | 98)| (cm) | (99| (/m) | (keg/m') [River| Recy. | Sea | Recy,
agg. | agg. |sand| sand
Néfgo B 8 |o| 160 | 47 |1065] 0 |713] 0
NI ao| 10 |90 160 | 40 |1096| 0 | 74| 0
Nl | 11 |o0| 160 | 36 |5 o |62 0
N0 6 40| 160 | 47 |48 48 |345 335
gjgg 0] 9 [40] 160 | 400 |51935193| 349 | 349
gjgg 5] 10 | 40| 160 | 356 [5207]507| 36| 36
N-0
Rl B| 7 |40 160 | 467 | 0| %7 0|60
N-0 1013,
Roool O 9 |© 160 | 40 | 0 |[MBH 0 |68
N-0 1033,
Roool B | 11 (40| 160 | 3% | 0 |19 0 |72

Table 8 Chemical properties of fly-ash

Chemical properties

Classification KS Test results
COx(%) 45 over 538
Wet content(%) 1 under 0.1
Loss on ignition(%) 5 under 338

QIR 22 E WY 22

= MASE ESo 22| ER| U

Classification KS Test results
Specific gravity 1.9 over 232
Speci%geiél;fs ce of 2400 over 315
Water ratio (%) 102 under 97
Gt g | wow | o
Table 10 Mix design of adding fly-ash (Recy.: Recycled)
. Coarse |
e el 5 15 i | 8 | Tl
G |0 | tkem)| Tos | Ce/m) [ River| Recy.| Sea | Rec
agg. | agg. | sand | sand
NWls| 9 |0 60| 0 | 2 |[uB| 0 |72 0
NI 5| 9 || 10| 10 | 28 fum| 0 72 0
NOl 50| 9 |0 160 | 2 | 26 us| o |m2 0
N0 50| 85 | 40| 160 | 30 | 24 13| 0 |82 0
ol s0] 4 |60 | o | 20| 0 10| 0|60
NOle0| 4 |w 6| 0 || 0|80 0 |60
Al 0| 35 (40| 160 | 2 | 2 0 [1060| 0 | 680
Sl 0] 35 (40| 160 | 30 | 24 [ 0 |1080| 0 | 680
R®150) 85 0| 160 | 0 | 30 |7742/3818|505| 2179
N0l 85 || 160 | 10 | 28 |7742/318|585( 279
NT0ls0| 8 [« 10| 2 | 26 |7ae|ss18|5085| 2179
00| 8 |0 100 | 30 | 24 |7742|318| 5085|2179
N0 | 6 (0] 60| 0 |30 |583|583|%069| %69
ND150| 6 |40 160 | 10| 28 |5R3|533|359| %69
Nls0) 6 || 160 | 2 | 2% 583 5%83|359| 369
N0l 50|55 (40 180 | 30 | 24 |533|533|359|B69
NRls| 5 |40 160 | 0 | 20 3204775293883
ND1s0| 5 |40] 160 | 10 | 28 |204]7475|293( 4883
N0 50| 45 |40 160 | 20 | 26 |3004|7475|2093) 4883
S0 50| 45 | 0| 160 | 30 | 24 |3204|7475|293) 4883
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Table 11 Results of compressive strength

Class. N-100, R-0 N-50, R-50 N-0, R-100

W/C(%) | 35|40 | 45| 35140 | 45| 35| 40 | 45

f2(kgf/cm?) | 267 | 243 | 215 | 255 | 234 | 211 | 245 | 226 | 165
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Fig. 13 Compressive strength by water—cement ratio
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Fig. 15 Compressive strength vs water—cement
ratio(N-50. R-50)
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Fig. 16 Compressive strength vs water-cement
ratio(N-0, R-100)

Table 12 Results of mix design

Alternative ratio W/C | Slump S/a Water Max.

el | G0 em| B89 0| g
N-0, R-100 50 4 40 160 25
N-30, R-70 50 5 40 160 25
N-50, R-50 50 6 40 160 25
N-70, R-30 50 85 40 160 25
N-100, R-0 50 9 40 160 25

Alternative ratio Aggregate (kaf)
Cement

of recycled (kg/m’) River | Recycled | Sea [Recycled
aggregate (%) gravel |aggregate| sand sand

N-0, R-100 320 0 1050 0 630

N-30, R-70 320 | 320.37| 74753 |209.25| 488.25

N-50, R-50 320 | 5383 | 5383 |355.95| 355.95

N-70, R-30 320 | 7742 | 3318 |5085| 2179

N-100, R-0 320 1133 0 758.24 0
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Fig. 17 Compressive strength vs. recycle aggregate
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Table 13 Properties of agent

Class. Loss of slump (cm)
Type 0 min. | 30 min. | 60 min. | 90min.
RHEOBUILD
SPogN 19.0 19.0 180 16.0

Table 14 Slump of net condition

Class. | N-100 | N-70 N-50 N-30 N-0
Time R-0 R-30 R-50 R-70 | R-100
Temperature | 15 18 19 19 18
Relative
moisture (%6) 65 65 68 68 65
Original (cm) 9 85 6 5 4

Table 15 Slump of adding agent condition

Class. | N-100 | N-70 N-50 N-30 N-0
Time R-0 R-30 R-50 R-70 | R-100
Temperature {17 165 | 165 | 165 17
Relative
moisture (%) % 61 61 61 59
Original (cm) 23 22 22 20 18
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Fig. 19 Slump vs time(net condition)
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Fig. 20 Slump vs time(adding agent)
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Fig. 21 Compressive strength(N-0,R-100)
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Fig. 23 Compressive strength(N-50,R-50)
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Fig. 24 Compressive strength(N-70,R-30)

°c a2
o
= 300}
[}
= 25
£
5 250 [
c
© 225
»
o 200
% 175 } —&—Fly-ash :
w0
o 150 + ——Fly-ash : 10%
=3 —&—Fly-ash : 20%
€ 125} .
Q ——Fly-ash : 30%
O 100 R . . ; L
0 10 20 30 40 50 60
Days
Fig. 25 Compressive strength(N-100,R-0)
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Fig. 26 Tensile strength(N-0,R-100)
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Fig. 27 Tensile strength(N-30,R-70)
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Fig. 28 Tensile strength(N-50,R-50)
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Fig. 29 Tensile strength(N-70,R-30)
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o S -

2y

230.3

100

1y .

Compressive strength (kgf/cm

148

. Days

Fig. 32 Forecast of compressive strength (N-50, R-50)

206

—m_ .0, R-100 ]

-~ ]
~ —
E 1] 220.3 ./
= -
o
I
=
£ I}
£
o
c
[
s 176.3
®
[
>
10
o 150.2
[
a <
E 140 -
Cl 1 . L L
o

[ ] H 11 13 H | 25 n EH L1 [ H H | 55 1] £5

Days

Fig. 33 Forecast of compressive strength (N-0, R~100)

6A17kel T,
Fig. 34+ 2T FATAMY FAA ] FHds)
g eRd Aol
Fig. 35~38& Zzte] AjolEe digh 457xe] ¥
3= v Aotk A @2 w288l st S
el BE 2felM $A4F AR gATE ¥ T A%
wol &

e
oxl
o
38 o
o
it
®
s,
]
do
[0
o
>,
=
rlo
12

Eg =

& AgINE AgEaZEt dvEage B

Bagol 040158 ek T3 £40] Hnk
Fig. 3, 403} 2ol 57 21081012 ¥ AATILE 3

A ERe] delgesh QuEavEe) et Aelr)

15 | —=— HANM RAZ B bl
—a— HSH, RS0E B
~ 1R o e RAME R <
5 7
: [J] ] 4 ]
T o =
2 7
2 1 -
=3 =
S L y
o
9 pAz .
e g
] - o
e
(R 1]
(K] L L L ! t
8 Qucles 9 Ccles 210 0)cles
Cycles

Fig. 34 Gravity ratio by freezing & thawing test

s=mE3e|EslE| =2 f M153 25(2003)



Compressive strength (kgf/cm?)

Fig.

Compressive sirength (kgt/cm?)

Fig.

Compressive strength (kgf/cm?)

Fig.

Compressive strength (kgf/cm?)

=
2

=

olx{x|od9)

Befare F

&T
AfterF&T

=

-6.32%

1

-0.97%
160

3ms

RL1 ]

12

i1

N-100, R-0 N-50, R-50

Types

35 Comparison of compressive strength (8 cycles

freezing & thawing test)

"

T
- |

-B.783

&
[ AfterF & T

-4.06%
1]

E1]

N-100, B-0 N-50,R-50

Types

36 Comparison of compressive strength (32 cycles

freezing & thawing test)

B iy
£{1]
-10.9%¢
248
6.5% r'"
L -5.2%
on I
10 f——1
E11] S
N-100, R-0 N"-50, R-50 -0, R-100
Types
37 Comparison of compressive strength (90 cycles

freezing & thawing test)

61 -17.8%

-13.2%
(11 -

Before F & T
[ After F&T

<10.8%

k1] ]

1E0

N-100, R-0 N-50, B-50

Types

-0, R-100

. 38 Comparison of compressive strength (90 cycles

freezing & thawing test)

| Z232|E HP|2S WU E 0 22| =0 Y5y

i

Fig 39 (N-100, R-0) condition of surface (210 cycles
freezing & thawing test)

Fig 40 (N-0, R-100)condition of surface (210 cycles
freezing & thawing test)

AT F FAAY BE B NONe|2E AuA o
@Al 234 e,
4.4 B
B ATE dAEE 23gE PR s o
zazes Q4ar] ose WG ABEAY B84
4ug o] A% dTRA Qe AFAnE s
W e 2

—_
=
=

o=
N 2 oz

z

32 o

£4 A¥ES AT LA A
2ol vze A% 13 AN
2% AT F1Ee BERS
AA 595 AAL7AE A
el

ZFAN 15 ARE
1 =

Wi g
2 2
lo

~
ol
-
o
rlo

o,
4
%0

Mo
>,
1o
X

y fo

2)

e M1
w2 |m >
3 o
= ﬂ.lz:n

2
~
X
ol
b1
i
az)
b
U_?‘_I‘
o
NO

=
rlu

off ot W ol

:;L
k-
T

o3
ol
o Ml
o,
o
o rot

3)

=2
‘0,

JmoE
ox 1o
o [

— =
L
X

4)

o £
3



2 el 2716928 S0+ AN 4
5 §agd A9d% $24% 5% Agzade
AE gage dNEARERG Ao e $e
2 ¥ 5 99l 5
St

1. Grub. VP, Ruh. M, "Use of Recycled Concrete
Aggregate German Committee for Reinforded
Concrete, 11~12, November, 1998,

2. AAdEtn A9)7ledTA, “HEITES o] &3 A
ZAY EFEsh 9 FERTE AlLE AT 1998, 12,

3 8L, AHE, ol “AZIYEE E8% ANE
A E24 E“” AA7IEd74A =3, Vol 17,
No. 2, 1998, 12, pp.235 244,

. ©]

. Buck, A. D.Q977), ”

1§, o9, A,
28 0 5289 A
A10E 4%, 1988,

Lk

)
= "
£4

‘AuEazed Jw
| B EanEsE)

. Tam, C. T, ” Recycled Concrete as Fine and Coarse

Aggregate in Concrete,” Magazine o Concrete
Research 39, No. 141, pp.214~220.

. Hansen, T. C. and Narud, H, ” Strength of Recycled

Concrete made from Crushed Concrete Coarse
Aggregate,”  Concrete International; Design and
construction, 1983, pp.79~8&3.

Recycled Concrete as a source
of Aggregate,” ACI Materials Journal, Vol. 74, No.
5, pp. 212~219.

. Kevan. D. sharp, "Fly Ash for Soil Improvement

Geotechnical Special Publication,” No. 36.

(&)

2 Eo] ARGl WASHE 3
%%%A; H
w33} Btk

3 )e) zﬁxg—g—zﬁ A 7\51-_,] EM)\] HLO

= %'6H =R H"] E}Hi]

[e]
A WS NP B U

SRR

w5 o 5 ol Sa AR e
521

3} 5a%e AYRALE Ju 24
4 dholdz

: AAEA,

AREAIE, FHAEH, A=2FFH

£ 298 AU uE ) UAAF QUL WeIT o 2A5E S
e

=4 NQAT ANF LA ANIZA) RE i?%"ﬂ”

H%ZH L_B]-]H O}JAUE F3ME

OF
o5

HZAYE H7|ed M2 AL dsin Atd ABEAE AH-sto]
Brkal7] skl AAzAl AYEAE

G 549 AYRAYE 2FOB o] AR

9% 7 o8 vpgoz 2ages] WREAR
spl sgick 3 S249 A8 2
u sl
AT Kol 13 A8 S1eg
A AT A fAE 24
QuzavERd A VA

1o

stink
Eejolo]

=

&l

%01
Al

o
.
M 2

=

00
'é"C‘

22 olgalt Aol fyE
ol Ago] Hs¥ Aoz

)\

208

g=23e|EslE| =2E M15d 25(2003)



