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Physical and Mechanical Properties of Low Carbon Green Concrete
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ABSTRACT

This study was performed to evaluate the slump flow, air content, setting time, compressive strength, adiabatic temperature rise and
diffusion coefficient of chloride used ordinary portland cement, crushed coarse aggregate, crushed sand, river sand, fly ash, limestone
powder, blast furnace slag powder and superplasticizer to find optimum mix design of low carbon green concrete for structures. The
performances of low carbon green concrete used fly ash, limestone powder and blast furnace slag powder were remarkably improved.
This fact is expected to have economical effects in the manufacture of low carbon green concrete for structures. Accordingly, the fly
ash, limestone powder and blast furnace slag powder can be used for low carbon green concrete material.
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Table 1 Physical properties of ordinary portland cement o, 12 £ 0|22
Specific B]aéne Setting time (h : min)  |Compressive strength (MPa) 12 &P u]BS KS F 25639 w2l DAF AlZ9] 3%2&
gravity | (cm’/g) Initial Final 3days | 7days | 28days /\]__g_a‘(})i 3,1 33:}—5}@] B _Ty_], %E] ;5.1 /\6] 7,% 2 Table 6-7—]’ ZE]'E]‘
3.15 3,303 4:10 5:22 25 31 39
Table 6 Chemical composition and physical properties of
Table 2 Chemical composition of ordinary portland cement blast furnace slag powder
(Unit: wt. %) Chemical composition (%) Physical properties
Si0 | AbOs Ca0 MgO SO FesO; | Others MeO | CaO | ALOs | Si0, [Others SDeC(izinc gcl";ivity SpeC(ificziu)rface
cm’/g
2087 | 501 | 6190 | 3%0 | 221 | 318 | 333 5.31 |45.06] 0.3 | 28.14 | 2021 2.90 4,550
H. =0 HE DAS AE Z4A
P %?3__— ot R 2 ZRee KS F 252790 174 e YA gF 9 AN A Bxoz Bl
H AHE @de whste] ARgsialen, 1 EeA A4 EHE 71247 2717 WS SRAIA7| T RS shhs)
o 1} 7H _ _
< Table 34 2. 7] $J51] KS F 25602] 45 AE 7415 AMgsigon], 1

Table 3 Physical properties of aggregate

| Specific B Absorption Unit Percentage . o
Kind em | ity H‘g‘;ﬁfj; ratio weight | of solids Table 7 General properties of superplasticizer
(oven dry) (%) (kg/m) (%) . Specific | Solid
em - . .
Main ingredient| gravity content pH | Appearance
Crushedcoarse | 63| 6gp | 121 | 1500 | 594 Type @00 | @
aggregate %
Crushed sand 2.62 3.02 1.28 1570 562 Superplasticizer | Polycarboxirate 1.13 19.4 5.1 ng};t yi}ow
River sand 2.59 2.32 1.97 1,510 58.3 1qur
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Table 4 Physical properties and chemical composition of fly a7 A3 47
] s %_ = \:lZ

ash =
Physical properties Chemical composition (%) %, Z\jl§]}‘\jl IRy g?:]% 8 %9} —*;LE}O] OH}\] g?:]% 25 =
P : : ; AT 7182 & Hulo 7171 =i}
o e [T T T T g, e o 2 127,201 % 3 9
— _ — Sl ma g e wiske BAS) St B =
2.46 3,507 (61.40| 7.58 | 20.70 | 5.41 0.18 473 sl e o - °
7] €9= Z297F 500450 mm, &7]%F 4.5+1.5 & 47]

et Mol4 njz&
Zaz|Ee} Aol = FFE FAI G A9 vidde
AMgsE o, 11 SR =24 AL Table 59F At

o vikolAt 9 <=2 Table 8% 23, Q7= Table 9

Table 5 Chemical composition and physical properties of Table 8 Experimental factors and levels

limestone powder Experimental| W/B Binder Hardended Air Target
- " ; ; factors @) (I g/mx) concrete content | slump flow
Chemical composition (%) Physical properties (MPa) (%) (em)
Specific gravity Specific surface

Compressive
strength
(21~35)

MgO |CaCOs| AlyOs |Others 1 1

(4.5£1.5) | (5045)

(20C) (cm’/g) Experimental 5 5
(39~49) | (330~494)

092 | 96.56 | 0.43 | 2.09 271 3573 levels
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Table 9 Mix design of low carbon green concrete 5012 mme] Z7|2 Addsio] Z-gukioA A7 AFA]E] &
Item | W/B | S/a Unit material content (kg/ 2 Blzbe 22golo g 1849417k ot AR|sle] 245}
Type @ || W | C|S|G]|FA|SP|LP PC
OPC 390 | 886 | 898 | O 0 0 3.90 Il 7E:|J_"|' ol J&
C67 261 | 873 | 885 | 98 0 31 | 261 ) =
C55 47 | 50 | 163 | 214 | 871 | 883 | 98 | 47 | 31 | 214 AsiT Z=0 Ol To|ak
C45 175 [ 869 | 881 | 98 | 86 | 31 | 175 1. 882 2E7 % 3713
C35 136 | 868 | 880 | 98 | 125 | 31 1.36 Table 1004 B Hle} 70|, Baarg Eaaje] E9j2ko]
% OPC: ordinary portland cement 100 % Z7}ak HlEl &8 =ao . Ay Z7
C67: cement 67 %+ limestone powder 8 %+ fly ash 25 % ]- —'j OPSOH ] H S¥% SR5= 5~ 15 mm of ]-
C55: cement 55 %+ limestone powder 8 %+ fly ash 25 %+ slag powder 12 % HRA, BV 0.8~ 1.3 % H= A4asioirt o|eh 42 A
C45: cement 45 %+ limestone powder 8 %+ fly ash 25 %+ slag powder 22 % ° _g.a]—o] oH}\]oﬂ __\Tr;ﬁLQ u]cﬂ/\ FE_]-_/J\_,,] AEXﬂ JLX]—.Q___E
(C35: cement 35 %+ limestone powder 8 %+ fly ash 25 %+ slag powder 32 % z7 -
W: water, B: binder, S/a: sand percentage, C: cement, S: crushed sand 3+ 7] ]‘ s o} ?ﬂ}\h’]— /\-]QH U]—ELE]— ‘;'—l —EHJ U]%g
river sand 7, G: crushed coarse aggregate, FA: fly ash, SP: blast furanace 9] B0 7)elskh= 71&9] et SAKE A9E VERS)
slag powder, LP: limestone powder, PC: superplasticizer E} (Kenji and Kaketo, 1993).
Al B
3. NEdd Table 10 Test results of slump flow and air concent
Jh 43T Z22 9l 27| Item | Target slump flow | Target air concent | Slump flow | Air content
Ju——— i xlElER Type (mm) (%) (mm) (%)
SHUE Z29= KSF 2402 (ZAEQ] &= AlFdH)ol o = -
Fato] AAsldon], BV KS F 2421 (A8 237E o7 T 1
of greiyle] ofat 37 R AR Flo] AL - - '
500£50 4.5+1.5 510 49
Ly 277t C45 ::>05 4.4
BRI ofat 2= SANTE KS F 2436 (@UA S i
el ofgt 2aeE SRR ARl Zalol Axjage
o, BYAFA7}F 3.5 MPad o} 27, 28 MPa¥ ©f 4= & 2. Azt
At Fig. 104 3= uie} go] A8} ula 12 &2 v)
O} otE7tT o g Zato] ofjAlE EFoR XS wjo] AR C35
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Cof Qe ARl 2ol AT 159, 39 7o) 1o, & C39>OPC>CB7>C55=CA5 202 mEA Uepe,
2891, 90%16] ZHE} sk 2zARTo] AMLER 35 %21 C35014 AMLER 100 %31 OPC
=2, 2-0 =70 . 7:]0 ok 7001: H oz ___73 7Fo
—‘] EE]' 55—r‘ or—'_ ] ]' 85"‘" E /\] ]— ] HH]'
o el s e 2 e, ol M54 vlige] gejolEe] 438 244
7= 1 : = oA ok
PUSEASYR AW WiE 37 sudon ayeg 1S N (k) B SRAL0) A Aow o
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- = SO A FAS
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Bl A A 34 3 A0 J10l & ek o] AT
nf Hsle a4 o FARSE ke UERSITH (Hassan et al, 2001).
547 713 NT Build 492 (184 AejolAe] @t o2 gl EAARES OPCHT} AMIERF 67 oAl ok 358 A]
Sl 279)e) 7120l et ARS Axsiglon], BAAs  WER 55 %ot 45 %olME oF 558 AE el e,
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Fig. 1 Relationship between elapsed time and resistance of
proctor penetration
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Fig. 2= E3AHE SR AIHES} A3)4 ujid, Zefo]
oAl E NE &E T vl A SISt ZATES AEUE
£ Uehd A&, 0PCY ¢ A 3Y ¥574%=7} 20.8 MPa
olg] Hlglo], C67L 23.8 MPa, C55%= 26.1 MPa, C45% 26.4
MPa, C35% 29.6 MPaZA 27)7be= OPCe ¢&7twwr)
14.42~42.30 % S7Vtt. o= AHESE Zafo] ofjA] &3}
Al ZEdE BHE S A 71AA odAlel sl 27t A
AAY FEH oM fee] ko] F7IsH HH, FAlol 2E
g Hkgo] E31EE dAdo] Ut 20 7|29 ATt A
st AE YeRITh (Bouzoubaa et al., 2005).

Egh A3 njEgat 18 &1 o] B3RS 27

e o] 787 AR yehded, ole A4 iRl
Ot APPo|E (C9)9] eiEAlof s AdE Ca(OH)7F =

A1 vlEEe] eohtea A Aoz, A 3dodA=

A3 Ao] ot deto|EQ] f=3l&7l0] ARAA A T8
b olxfela getEn, o= 7|&9| el fARE AXE el
Witk (Neville, 1995; Taylor, 1990).
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ARt AgRS YEFITE (Sung et al., 2009; Zhuguo et al.,
2002).
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2 43.7 MPa, C55% 45.6 MPa, C45%= 46.4 MPa, C35% 47.2
MPa2A] 5.30~13.73 %2 4=HE F7H-S Bie, o=
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Fig. 2 Relationship between curing age and compressive

strength
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FAE Aol M2 dE2eAs Wsh= Fig. 33 gtk 2
AYE ePH2E 2143 CoN T2 eAtewF K vhe4=
Ag ()2 7 C670014 54.9 C 9} 1.26 C/H, C550014 52.6
T2} 1.39 C/H, C459014 51.4 T2} 1.42 C/H 22)aL C35
o A= 49.1 T2} 0.92 C/HOZ ehth o)L OPC 7%
o] Kg 58.3 T2} agt 1.14 C/HE} vwsld E3atg E3}
Aol AR wet GELEATTES 247t 6.31 %, 9.73 %,
11.83 % 9 15.78 % 7aolqict. ekl BheEmAlas agke C67,
€55, C459014 10.52 %, 21.92 %, 24.56 % Z7kstou, €35
o] Qolnt 19.29 % #ATE Zo2 ehton] E3hALE 53}
Aol S7FdE OPCel HIgl| TE2EA e 4styl,
HEE Aes wolle AE eI

ol B oA AR FUshAL TAHE o
of met ZITE FRAWS 2egd U 2EdGR |G|
Ao ks n|x]7] i 2AE FLRE AlF A
Q9] AL R 5= = HYWelA o] ot
E7 Hasi, Z3E epd AlE 9 Al S9AHL
Aohz 2 ggAoHolA v a7t 9 Ao wekE
(Taylor, 1990).
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Fig. 3 Relationship between curing age and adiabatic
temperature rise
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Fig. 4 Relationship between curing age and diffusion
cofficient of chloride
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Ao Aoz et (Neville, 1995).
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Table 112 Q8 guj= 2 Aeks J81=38|E9] vjgHAdA
oF Fu 22 1 m® A4k A] HHYEHE o|AbelEkA HhAYRES ALY
AR Agka z%l_%aaée HE ZEYC AWES AN

oF ulb gu] 2o Hlgle] oF 37.1 %9 e-AulE AAT} Q)
Loz 2AF & Aekh :Lﬂnz—fhﬂE«l 712 o
ukA el ZaeEd] g oF 96 kg-COy/m’2] B HH A7to]
7R3 A& & 4 Qlon, o= AR gt 2271 97 5.6 ke
9] CO.E 5t 3 uf (Mehta, 2001), AU 17 187}
Bt o) g xjolc)

Table 11 Mix design and carbon emissions of green concrete

Ttem Unit material content (kg/m’) COy
Type wlc|s|c|Fa]s]|1p]|Ppc|keCOm)
OPC 163 1 390 | 886 | 898 | O 0 0 |39 356.9
LGC 163 | 136 | 868 | 880 | 98 | 125 | 31 | 1.36 260.3

3% OPC: ordinary portland cement, LGC: low carbon green concrete
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