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ABSTRACT

In this study, various mechanical properties of concretes employing waste concrete as aggregate were examined. These concretes
were obtained by mixing seven types of aggregate for different ratios. So, the experimental variables are the kinds of aggregates
(some different aggregate compositions) and W/C ratio (0.40, 0.45, 0.50). From experimental results, the reliable regression analysis
equations between compressive strength and various experimental data for recycled aggregate concrete are presented. Consequently,
this study was accomplished to investigate basic engineering properties of recycled aggregate concrete using waste concrete.
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Table 1. Classification of used aggregates according to
crushing method

Present con. Site Crushing method
Class.
Crush stone Chungbuk Jaw-crusher
Cheongwon
Natural sand Chungbuk -
Bukang
Kyungbuk Impact-crusher (1st)

Recy. aggre. A

Kyungsan Cone crusher (2nd)
2. MMEAZ|EQ| 2dstE E4M A Kyungnam Jaw-crusher (1st)
= | o - Recy. aggre. B Kimhae Impact-crusher (2nd)
AYuss 2T EAMENWOS 185 Recy. aggre. C Taejon Yuseong | Impact-crusher
Table 2. Physical properties of used coarse aggregate
Absorption | Unit weight Abrasion

Class. Label S.G. %) (kgfim?) %) EM.
Crush stone G 2.60 3.08 1,552 28.0 6.76
RCA-A A 232 9.10 1,251 395 6.71
RCA-B B R 2.31 8.74 1,339 40.0 8.32
RCA.-C C 2.28 8.43 1,327 43.5 7.35

Note; S.G. : spesific gravity, EM. : fineness modulus, R.C.A.: recycled coarse aggregate
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Table 3. Physical properties of used fine aggregate

Class. Label SG. Abs(o%ﬁon U’(‘li:g fjjflgfht EM.
Sand s 2.50 0.93 1,686 2.57
REA-A a 229 853 1,387 359
RFA-B b r 222 9.58 1,343 3.56
REA-C ¢ 230 8.64 1,387 2.80

Note; R.EA. : recycled fine aggregate

Fig. 1. Types of recycled aggregates.
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Table 4. Shape and composition ratio of experimental aggregate

19

Class, Shape Component Ratio (%)
Gl Natural rock a 93.6
G2 Natural rock b 42
Crush stone
G3 Natural rock ¢ 22
Total 100.0
Al Natural rock contented a little cement paste 320
A2 Mixture shape of Al and A3 441
A3 Mortar ingredient 20.0
Recy. aggre. A
A4 Mortar ingredient (red color) 2.1
AS Asphalt concrete ingredient 1.2
Total 100.0
Bl Natural rock contented a little cement paste 21.4
B2 Mixture shape of Bl and B3 59.9
Recy. aggre. B
B3 Mortar ingredient 18.7
Total 100.0
C1 Natural rock contented a little cement paste 1.5
C2 Mixture shape of C1 and C3 46.6
C3 Mortar ingredient 35.0
Recy. aggre. C C4 Mortar ingredient(red color) 42
(o5} Asphalt concrete 23
Cé6 porous mortar 0.2
Total 100.0
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Table 5. Mix proportion of concrete
SP Unit weight
Class. wic adding w (kef/m’)
(%) kg

(%) C | EA. | CA.
Gs 0.3 197 493 627 978
As 0.3 211 528 602 837
Bs 0.28 203 508 616 854
Cs 40 0.3 205 513 612 838
Aa 0.3 215 538 544 827
Bb 0.34 235 588 496 774
Cc 0.3 220 550 539 801
Gs 03 188 418 659 1029
As 0.28 204 453 632 880
Bs 0.32 190 422 656 909
Cs 45 03 192 427 653 893
Aa 0.3 210 467 570 866
Bb 0.34 218 484 540 843
Ce 03 205 456 580 862
Gs 0.3 185 370 678 1057
As 0.28 198 396 656 914
Bs 0.25 185 370 678 939
Cs 50 0.32 187 374 674 922
Aa 0.3 205 410 591 898
Bb 0.3 210 420 566 882
Cc 0.3 190 380 616 916

Note; Alphabet capitals are coarse aggregates, small letters are fine
aggregates (for example, Aa are mixture of re-cycled coarse aggregate
A and recycled fine aggregate a), FA. : fine aggregate, C.A. : coarse
aggregate, s : sand, S.P.:superplasticizer) S/a=40%, Slump=15t1 cm
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Fig. 2. Variation of compressive strength by curing age.
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Fig. 3. Variation of relative strength ratio strength by aggregate composition.

Table 6. Test results of hardened concrete

) Ten. s. Flex. s. Ultra sonic. Unit w. D'IXI' S'I\S/L

Class.] W/C Com. s.(kgf/cm?) (kng/ (kng/ (km/sec) Rebou. n. (t/m’) 10 2kg (x10 2kg
(%) cm) | cm?) fem®) fem®)

3d | 7d | 28d | 56d | 28d 28d | 3d | 7d | 28d|56d | 3d | 7d | 28d | 56d | 28d 28d 28d

Gs 284 (295|364 | 420 | 22.8 | 56.8 |4.43(4.51]{457(460| 32 | 34 | 36 | 38 | 244 4.64 320
As 252|280 {356 | 409 | 224 | 557 |4.28({4.42|449(450| 30 | 32 | 33 | 34 | 242 4.46 311
Bs 244 1266 | 336 | 382§ 189 | 520 |4.19|14.26|4391440| 28 | 30 | 32 | 33 | 237 4.16 2.95
Cs 40 [235)257)338}389) 194 | 459 |416]4211440]440) 27 | 29 | 32 | 33 | 238 421 278
Aa 228 (262 (340 [ 383 | 17.0 | 479 |4.01]425|4.48[448] 26 | 29 | 33 | 33 | 2.39 441 2.99
Bb 218 | 2551293 (350 162 | 425 |3.97(420(4.38(439| 23 | 26 | 30 | 30 [ 233 4.07 272
Ce 2151254 (299 {347 | 170 | 446 |390(4.19(440(440| 22 | 26 | 30 | 31 2.34 4.14 2.62
Gs 274 (285344 (380 199 | 544 (441(4.44(453(457, 30 (33 (3335 239 4.52 3.13
As 2321267 {319 {360 | 180 | 499 |4.14{434|448(450] 27 | 31 | 32 | 33 | 238 4.31 2.86
Bs 2321244 1323|360 16.1 | 482 14.101420(430(|432( 27 | 29 | 30 | 30 | 232 4.01 275
Cs 45 (218232321 (362 168 | 445 |4.09|4.16|432|432| 26 | 27 | 31 | 31 | 234 4.05 2.59
Aa 2171231 | 3051347 | 158 | 462 |3.95(3.98(4.45|446| 24 | 27 | 29 | 32 | 232 424 2.86
Bb 1991220 | 271 {330 | 154 | 398 |3.79(3.80({425(430| 21 | 24 | 29 | 30 | 227 378 2.62
Ce 183|219 270|331 | 152 | 41.1 |3.80|3.95(431|431| 20 | 23 | 27 | 28 | 229 3.99 2.44
Gs 265|274 329|344 | 17.8 | 44.6 |4.3914.41(452|452] 25 | 30 | 32 { 33 | 235 4.45 2.96
As 220 | 251 [ 315334 16.6 | 413 |4.04(423(445(447] 23 1 29 | 30 | 31 | 236 4.07 2.68
Bs 220|234 [ 31713331 147 | 41 4054134291430 25 | 27 | 29 | 29 | 2.28 3.82 242
Cs 50 | 174219318 {334 | 157 | 36 4.0414.1114301431| 24 | 25 |30 | 30 | 230 3.88 2.39
Aa 177 12101273 | 311 | 150 | 36 3731390[443[444) 20 ) 23 ) 30 | 31 | 227 4.07 2.68
Bb 167 | 205 | 238 | 291 | 133 | 344 |3.75]3.96|421(4.28| 19 | 21 | 27 | 29 | 225 3.68 2.41
Ce 159 | 201 | 265 | 298 | 14.6 | 35.8 |3.61|3.85/4.28|4.29| 19 | 21 | 28 | 29 | 226 3.74 225

Notes; Com. : compressive, Ten. : tensile, Flex. : flexural, s. : strength, Ultra sonic. : ultra sonic pulse velocity, Rebu. n. : rebound number,
Unit w. : unit weight, D.M. : dynamic modulus of elasticity, S.M. : static modulus of elasticity

2dERelEH A 108 Al 1 &, 2001



22

450
&E‘ - Gs
: Fe=651.6Vp-2605.2
% 400 (Rz=o.9oo "
x - Rs
= 307 Fe369.5vp-12902
= (R"=0.7469)
S 300 —— Rr ;
= : Fe=208.8Vp-604.9 A
o 2501 (R=08573) /A
2 o
(7]
& 200
| =
Q.
E 150+
[« Fc: Compressive strength
(&) Vp : Ultra-sonic pulse velosity
1 i

100 :
35 40 a5

Ultra-sonic pulse velocity (km/sec)

Fig. 4. Correlation between compressive strength and ultra-
sonic pulse velocity.

5.0

Fig.5 & ¥4&A4%s} Az 44dAs & &
ARIER S} A el AAGle] SAFE=2Y B3
o I BAYES 7L EAIF Zelth. ARAFGS
hEE 0.80013eR, WA ER Y=7twe] F4o) 7t
S wetEn)

3, &} whidE, Z47te) Asts 238

FZRE - R - o - AMER

450
N -+ Gs
E ol : Fe=12 2190R.76.64
L wof g
=4 (R*=0.8051)
X —— Rs 0o
£ 350 :Fce18909R26504 44
2
2 (R"=0.8506) a : z
e —— Ry
£ 3005 re125374R
ot -1421 L 0
= (R'=0.8566) ¥ M
5 250 % : A
[T
&) Fc : Compressive strength
Q R Rebound number
E 200 r
A
o
O
150 e
15 20 25 30 35 40

Rebound number

Fig. 5. Correlation between compressive strength and rebound
number.

SZA - ARAZZ R AAZSZA - AABZZAY
ZHReel] e 230559 whAE 24 57
T9] FAjolr}, 2ol vAR )] ARt
TAl FHEesy zh Ao gt dHALE Rt
87%, Rro] 89%°|H, 27l Ax}e] foxrt HAe 79
T 00580 FA veht 2y ZRHel v Az

E9] ArdE2 AFdo] thh HolX|ER o] F dF BT QrE7bEo] QGaEo] Q= Ao UERGT)
ZHE 2T AEAZ0] YR AHEE el o
& 7T 392 (F.=82R+206V-1094) T tztela Fegg=-789+183Vp + 10.1R M
NSl 7he EA2(F.=11. ~ A A=
NIySel A FHHFE=118R+129V 64_2)°ﬂ 143 Fegy =-291 +79.2Vp + 8.47R )
i} Qo] B ERME Minitab®e ol&F HARN
HE Bl o8 ARE FA Tk FAIFEH 71, Fe : YSE (kgfiem?)
A/(ENTER)] 913 T3 ARA L 3 Ax (D), () Vp : ZEHEE (km/sec)
o 2 BANES B2IA. A()F @ 7H A4 R uE
500 500 500
WIE = 40% L WG = 45% [ WIC = 50% T
400 400 — 400
< N o I
§ 300} 7 A § 300 Tt e ,E_ 300 LGN
%’ | fﬁ/.' s o % / 4= %’ 4 “‘\‘s\&
g 200 4 R 200 % $ v 3
,tl —e—6s ’ ,/ T
100 - pof ——Cs 100} 4 100~
/i --B-- A2 i
g --e--Bb )
0 R T i 0 I | o I L
0 1000 2000 3000 0 1000 2000 3000 ] 1000 2000 3000
Strain(x 107) Strain(x 10°) Strain(x 10*)

Fig. 6. Curve of stress and strain.

J. of Korean Inst. Resources Recycling Vol. 10, No. 1, 2001



BN BEEIRES AT Sa2ES] BA HER Rt 23

Ec :S. M. of Eladicty
—+— Gs Fc : Compressive strength|
I Ec=24000Fc"%-134000
(RP=0.8038) ;
30—~ -4— Rs .
| Ec=47000Fc™%-580000
| (RP=0.8754)

——

: Ec=22600Fc""-119000
(RP=0.8830)

Ec=10500Fc"*+7000

S. M. of Elasticity (X10°%kgf/cm?)
g

250 g (Fe>20)
R 2
A .
W e 150006 ! 18 20 FPS
{Fe < 300) [ )
200 2 I e
200 250 300 350 400

Compressive strength (kgf/lcm?)

Fig. 7. Correlation between compressive strength and static
modules (S.M.) of elasticity.

3.3. 88 - HEEWUH 2 YEAIFe HE

Fig. 6 & W/C=45%l1A zt ZA T3] tigh &3
FELHNE TAIG Aotk 7t FAYERFHE &Y
HEFANS HEEL of (1~-2)x10732] B U)o
HANYSHU=E eplile, EAWER7} 22

oo ole

A

B R R

=

2] Z3Fo] Gs, As, Bs, Cs, Aa, Bb, Cc®] 22 &
WY ETHY 27 71L717F $98tA YEeRstt). o]
27] §EAEI ANERYNES] A i "ol
HoEo 3, Bt 295 HuEAd o3
g 3P4 7€ ARIANE Alxd FATA
AA FAY ARG gAAde=z o 3A Jeht
AHAME ok EAIYS & 2 St

Fig. 7 & 4=70=9 FAaA4e] JAHAE 2+ &
AlHER Q) AF L] FAAIGle] FANFIRT s A}
o ZAIGE otk dEE A HdALE 4
ke A3 AYE 2 AFATE & 5% g R v
Elster, AAZAE A3k FATIRFe e gA
F= Gso ARAAFe) vz w HFaHez <
86%°1de] & vrERdL

9 oo o ffr i

e

4. 4 =2
B Az HEAES 5 9L FAE
A2 NAZZYEE A, 52 2A40A AFgH

A PegasiEs viwsel o
24 ATE FYT 2F OeF 2 AEL
et

1. AAFLFA - B2 FRs) T2 ES] 28Y ¢
275 315-356 kgtlom?= Qv A E 289
YE7I=2] oF 95% H=o HFele YSH= U
< YeplolM, A FZA - A2 it
Z§& ASE FEI 2840] JdEe o= AFY
ATk,

2. AABFLZA - AP ZERr) ZIBEY
Y AR Iuk 23| EQ] °F 80%, MY
A - ARAZTRsyS F 90% 9] FEo =
R}

3. Agol] AF-E AMZAZERs, R o8 4F
AAze EdES A8 2 OF3AEs d v
oA B e AEAE ARgAe 44
< A

4. 9 7HA) 71z HEE EUZ2 AN &80t
27t JdFHJC T ALEEAR B tg A9
oA g HEABES QYA YA A
ZAZ AAE7] WEe) A AES Sl 3
Ao MiFAAE 3stedol & Aol}

HAtel 2

E At 98 AduERe] a7 AL@AE - A
AR 71E9] AL 2 AHrle)el sk sFEAe
o, AHE AP FA ARE BAR FFol| At
=g}

12

i}

rat

L 8RF <AF A718 24 2 AER(98)” (1999).

2. Nixon, P. J.:“Recycled Concrete as an Aggregate for
Concrete~a Review”, Materials and Structures, Research
and Testing, 11(65), pp. 371-378 (1980).

3. Hansen, T. C., and Boegh, E.: “Elasticity and Drying
Shrinkage of Recycled-aggregate Concrete”, ACI Journal.,
No. 82-56, pp. 648-652 (1985).

4. Ravindrajah, R. S., and Tam, C. T.: “Method for Improving
the Quality of Recycling Aggregate Concrete”, Proceedings,
2nd International Symposium by RILEM, Chapman and
Hall (1992).

5 AT 9 - AL EARA HIANES AT B2
YEd B 4¥F I, HANEYS Seuwd =F
A, 6(1), (1986).

6. 83 : “MinitabS BEY BARZEA], AL pp.
318-346 (1996)

AdeelEe Al 108 A 135, 2001



24 B - FEElE - Hor - AMER

AR % i B g

- 196244 Sthsly EEFEs) §RA}
+ 19663 il EuF S}t A}
+ 1978 $Hfshy EE-F8)) HiA)
G4 FE e BT w4

- 19904 FE sl ERZals) AL

+ 19928 FEO sy EEFos) A}

» 19999 Rk BEF e aAl
TR

< SR FEUSw EETEE i
FFTEPA m2x] I 72
ERHE g

A A i ' R

* 19874 FHUSy EEFet i}

* 19919 FHUEE B2kt AL

* 19959 TS EEF et uiat
S8

< FA IREEFAL SR 1EARIA
6FT THE

- 1997d FEUGn 25 A}
* 19994 FENEE E8-Fat AAt
« @A SEUSR EEg ek vy

(¢ ) & gl BFIE ASE Fietey] Beartaz o) i
* EARTH ’93 Proceeding(1993) 457%&, {E#E - 20,0009
(International Symposium on East Asian Recycling Technology)
« MM 27 9] 4Al(1994) 400%, 5 - 15,0009
* 31X FEF 1, 1, I B : 40,0009, 50,0008(H13)¢)

1: A A1E~-A10E, 1: T4 ANS-A203, I T4 A215~4303)
# SF - YADEI Y TF YA =R (1996) 483%:, (EFE 30,0009
» 3F « plARNE) ol ST E S I =R (1996) 1742, (B 1 15,0009

= LRI FY FA1(1997d 19) 3115, B85 18,0009
« A7) EolEs FE(1998d 19)395%, fEAS 22,0009, A it
* Lol WA (AR S84 ) 4402 fRf% :15,0009 "

J. of Korean Inst. Resources Recycling Vol. 10, No. 1, 2001



