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A Study on the Strength Properties and Life Cycle Assessment of
High Strength Concrete Using Recycled Coarse Aggregate
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Wiaste concrete accounts for the largest portion of construction waste, and the supply of natural aggregate is unstable. Therefore,
importance of using recycled aggregate is emphasized. The purpose of this study is to investigate the mechanical properties of high
strength concrete according to the replacement rate of recycled coarse aggregate. For this purpose, the target design compressive
strength was set to 40MPa, and the substitution rates of the recycled coarse aggregate were set to 0%, 30% 60%, and 100%,
respectively. Through experiments on the unreinforced concrete and hardened concrete, The validity of the use was confirmed. In
addition, LCA method was used to evaluate the environmental impact of recycled aggregates and to compare and analyze the
environmental impacts of the aggregates.
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Table 1. Design of experiment
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Experimental factor

Experimental level

W/B(%) 339
Formulation Slump(mm) 19025
Air content(%) 4.5+1.5
Compressive strength(day) | 3, 7, 28
- Slump
Fresh concrete - Air content

Experiment

- Elapsed time

Hardened concrete

- Compressive strength

(3, 7, 28 days)

Table 2. Physical properties of aggregate

Density Unit Absorption

Type 3 .
(g/emr’) weight(kg/l) (%)
Crushed sand 2.58 1.69 0.92
Wash sand 2.56 1.64 0.74
Aggregate 2.6 1.52 0.67

Table 3. Physical properties of recycled aggregate

T Unit Coarse aggregate

Fine aggregate

(KS) (KS)
Density gem’| 2512571 23322 1)
Absorption % 2.68(3.0 1) 4.83(5.0)
Impurity contents o
(onganic matter) % 0.03(1.0 1) 0.04(1.0 1)
Impurity contents o
(lnorganic. matter) % 0.32(1.0 1) 0.62(1.0 1)
Stability % 78012 1) 74(10 1)
Percentage of absolute % 605655 1) 62953 1)
volume
Amount of clay mass | % 0.1(1.0 ) 0.5(7.0 )
A e - Innoucuous Innoucuous
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Fig. 1. Grain size distribution ratio of recycled coarse aggregate
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Table 4. Physical properties of cement = 20N =EREEM 2Y0 IS =3°/E0 TOT%E)C\;'%
Setting time Compressive strength IelIAr S-L V[ES 19016mE SEHIRH, 30, 602
Density Fini“ess (hour) (WP BAHSIE 5T610 23T RX|HS HIGIRIC
@ | R et | Fimal | sdas | deys | 2507 S2im A ZTls Fig, 32 Sal ol 4 QI £7] 28
315 | 3602 | 45 715 | 230 | 203 | 438 7 |§8 = 190i15mm01| 'ﬂé&% WO LIEMRTT, RSO, RGO

Table 5. Chemical properties of cement

CaO S102 A1203 FeZO3 MgO Ig etc. Total OOO‘”)\-IE O|9|_ Hl/\é gF% LrErLH%El_ O|E OE“?_I-IOE
) | O | B | B | ) | loss | (%) | (%)

oo
EOJSXHL YO A= HELD 2 HEHO (L, B ETHY| B2

6244 | 2112 | 440 | 3.19 | 310 | 336 | 239 | 100 -
HZ32|E0| Tl SFS Soff di=a2 &2 o2 S0 25

Table 6. Properties of superplasticizer FAZTHO HISH S2 FEHE W] TBEZ2 &2F222RQ| =&
Specific Solid 0] ZOME+E Z32|E SEZ gl0] S7icks A2z AlzEr;,
Type Shape Color pH . tent(% ~
gravity | content(%) SHH, ZAHSI0) 2 232|E0| ST S SIS 1)
Piilc;reb Liid | 0| 46 | LI0s 20 RS0, RGOOIA RSO, RG10077HX| 130~150mme] 2T 242 &0
1 QIen, RS30, RGOO|A RS30, RGI007EK| 110~130mme| &
Table 7. Mixing properties
Recycled Unit contents(kg/m’)
Division | S8 | wic | g/A | Dosage Sand Reeveled
400 replacement o o % Coarse Recycled N
(40kba) ratio %) (%) (%) Cement | crushed Washed a coarse Water
goregate sand
S:G(%) sand sand aggregate
1 0:0 339 49.0 0.7 390.0 458.5 458.5 946.4 0 0.0 1322
2 0:30 339 49.0 0.7 390.0 458.5 458.5 662.5 0 262.1 132.2
3 0:60 339 49.0 0.7 390.0 458.5 458.5 378.6 0 524.2 1322
4 0:100 339 49.0 0.7 390.0 458.5 458.5 0.0 0 873.6 132.2
5 30:0 339 49.0 0.7 390.0 321.0 321.0 946.4 252.0 0.0 132.2
6 30:30 339 49.0 0.7 390.0 321.0 321.0 662.5 252.0 262.1 1322
7 30:60 339 49.0 0.7 390.0 321.0 321.0 378.6 252.0 5242 1322
8 30:100 339 49.0 0.7 390.0 321.0 321.0 0.0 252.0 873.6 132.2
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Fig. 4. Result of air content test

Fig. 3. Result of slump test
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Table 8. Compressive strength

Table 9. LClI database

Division 3days 7days 28days Division Reference Nation
Plain 22.63 30.64 37.11 Raw material Waste concrete National LCI Korea
S0G30 22.86 31.19 39.97 Electric National LCI Korea
S0G60 22.64 30.04 36.12 Energy Diesel National LCI Korea
S0G100 22.33 29.58 35.88 Kerosene National LCI Korea
S30G0 18.62 27.52 3239 Transportation Truck National LCI Korea
S30G30 20.88 29.45 34.48
S30G60 18.93 26.97 31.82 Table 10. Environmental impact assessment of raw material

$30G100 17.34 26.87 31.92 GWP | AP EP ODP | POCP | ADP

Materiall K& (kg- (kg- (ke- (ke- (kg-
CO,/ SOneq/ P043—eq/ CFCl1 1./ | Ethylene.y/ |[Antimonyey/
kg) kg) kg) kg) kg) kg)
™ SZHAASF Y
4. Hupy 2EEE ot szi‘ize 3.10E-03 | 3.90E-06 | 7.90E-07 | 3.00E-11 | 8.30E-06 | 1.00E-06
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Transportation g =2{(My/Wt) xd x D} (3)

Transportation £ = 247 8Z4HSHkg—unit/kg], My= T
Z32|E[ton], W= () 2&2| HxiZiton], d= %OHEI[Kml
Zikg—unit/L]O|Ct,

4.4 M= THA

HEATAE HEI2|ES MY - TifstH =22 HE MZst
= IFY0|T}, 2 AF0ME HAEAof cish StEYsrE "Wotet
7] ol Mz AR M2 TAS, oUXIR ALE
of 2 32 HII6IRIL

Manufacture ¢ =2[(Eq/Wa) x C] (4)

07N i= ™2 Manufacture ¢ = HZXEA 2F8YsHkg-

unit/kgl, Wae =& dMekgl, Egs OIUXIE AlEg
[kwh], C= 288 Had Ed2t allkg—unit/kwh] O[T, 44|
it SO AR5l= nfsleot 2EAY S5 YHIE=
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Table 11. Environmental impact assessment of transportation

GWP AP EP ODP POCP ADP
(kg- (ke- (kg- (kg- (kg- (kg-
CO,/ SOy | POs*-eq/ | CFCl 1./ [Ethylene.y/|Antimonye,/
kg) kg) kg) kg) kg) kg)
Truck |4.00E-03 | 7.50E-06 | 1.08E-06 | 7.00E-11 | 1.10E-06 | 1.30E-05

Equipment

Table 12. Manufacturing facility of dry recycled aggregate

eration Total electrici

Dry system OlZount usage Y
Feeders Grizzly feeder Itime 183.33kw
Screen Vibrating screen 4times 169.01kw
. Jaw Crusher Itime 593.75kw
Cone Crusher 3times 529.41kw
Magnetic Separator Itime 250.00kw
Classifier 3times 289.47kw
Precipitator Itime 750.00kw

Table 13. Environmental impact assessment of manufacture

GWP AP EP ODP | POCP ADP
Energy (ke- (keg- (1<3g- (ke- (kg- _(kg-

COy/ SOuq/ | POs-eq/ | CFC11.y/ | Ethylene.,/| Antimonye/

kg) kg) kg) kg) kg) kg)
Electric| 2.23E-02 | 1.79E-05 | 3.57E-06 | 3.70E-10 | 3.10E-06 | 2.00E-06

Table 14. Environmental impact assessment of raw material

GWP AP EP ODP | POCP ADP
(kg- (kg- (kg- (kg- (kg- (kg-

Division 13/ | SOny | POoq/ | CFC1 1y | Ethylencey|Antimonyey
kg) kg) kg) kg) kg) kg)
Raw 15 | 0E-03 | 3.90E-06| 7.90E-07| 3.00E-11 | 8.30E-06 | 1.00E-06
material
Trans- | 4 00E-03| 7.50E-06 | 1.08E-06 | 7.00E-11 | 1.10E-06 | 1.30E-05
portation|
Manu- | 53E-02 | 1.79E-05 | 3.57E-06 | 3.70E-10 | 3.10E-06 | 2.00E-06
facture

TOTAL| 2.94E-02 | 2.93E-05 | 5.44E-06 | 4.70E-10 | 1.25E-05 | 1.60E-05

Table 15. Environmental impact comparison by aggregate

GWP | AP EP | ODP | POCP | ADP
Divisi (kg- (kg- (kg- (ke- (ke- (ke-
vision b .
CO,/ SOseq/ | POs-eq/ | CFC11./ |Ethylene.y|Antimonyey/
kg) kg) kg) kg) kg) kg)
Recycled) ) 04k.0|2.936-05 | 5.44E-06 | 4.70E-10 | 1.25E-05| 1.60E-05
aggregate]
Artificial
light- 1 5 1 6E-02 | 1.735-04| 2.80E-05 | 4.01E:09| 5.28E-05 | 1.94E-04
weight
aggregate
Slag 1 26E-02 | 1.61E-04| 1.61E-04 | 6.49E-09 | 2.43E-05 | 9.08E-05
aggregate]
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SHM(POCP), At
(ADP) Hefz QI3 AZET, Sai2EX thH| oF 37%0IA Z|CH
93%TIA| M2 A= SOIZIICE 0[243h Bl wBEX it
HollM Ard2HAP) R FHYSKEP), 2LES Thl(ODP), Haker
MSIEMA(POCP), XHEIIZH(ADP)O O|X|[= NOx, NHa, SO, NHy,
Halon, CFC, Softcoal, Hardcoal, CrudeoilO| Q12422 2 &
=X MAMTPEEC MA| iS5 R2o=2 Atz =
QlzZBA % S IBH TE Al FUE LNG & Aol
x| MEOR QI3 OJABHEHSO,), BHAHH,S0,), ZUINO™) St

20| Argatet BFYs), RES LLMOH ges olx IE =20 Y
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