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The aim of the research is providing a fundamental idea of reducing viscosity of cement based materials by replacing powder based
material. With developing concrete technology, high performance concrete with high solid volume fraction has been used widely. Under
the conditions of the high solid volume fraction due to the low w/c and replacement of SCMs, decreased fluidity is one of the critical
problem, and thus plasticizer has been used to improve fluidity of the mixture. However, in rheological aspect, the fluidity of cement
based materials can be defined with yield stress and viscosity, and using plasticizer only decreases yield stress without least controlling on
viscosity. Therefore, based on the idea of Krieger-Dougherty model, a feasibility of wasted limestone powder from cement manufacturing
process was used to decrease the viscosity of the mixture by replacing cement powder. According to a series of experiment, by replacing
wasted limestone powder solely, there was a possibility of reducing viscosity was observed. Thus, in this research scope, it is considered
to contribute on providing a fundamental idea of reducing viscosity with powder replacement and it is expected to contribute on further
research using various conditions of replacing powders for reducing viscosity of cementitious materials.
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Table 1. Experimental plan

Mixture conditions Test
W/B 0.3, 0.35, 0.4, 045,
Powder Type Waste limestone |* Modified-mini
slump flow
replacement |\ ent%) | 05, 1,2, 5, 10 |+ Flow curve(yield
stress, Vviscosity)
Type Polycarboxylate- | Compressive
Admixture based SP strength
addition
Dosage(%) 0, 1
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Fig. 1. Comparison of the grain shape of cement and waste limestone
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Table 2. Physical properties of byproducts to be replaced
Powder Cement(reference) | Waste limestone
Packing dersity(%9 0.967 0.963
Particle mean size(mm) 0.001 0.001
Specific surface area(mm?/kg) 0.0014 0.00567

Table 3. Physical properties of HRWR

Phase | Color | Main component |Specific gravity | Solid content(%) | pH

liquid [Brown| Polycarboxylate 1.048 20
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Fig 3. Protocol for shear strain and time settings
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Fig. 4. Influence of replacing ratio on wasted limestone of the flow
on cement paste depending on water binder ratio
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Fig. 5. Influence of replacing ratio on wasted limestone of the yield
stress on cement paste depending on water binder ratio
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Fig. 6. Influence of replacing ratio on flow of superplasticizer cement
paste depending on water binder ratio
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Fig. 7. Influence of replacing ratio on yield stress of superplasticizer
cement paste depending on water binder ratio
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Fig. 8. Influence of replacing ratio on viscosity of superplasticizer
cement paste depending on water binder ratio

: B
HOE
0x ox H

or ox
N ofr

(O]
40

> o

rr o
rn

N
g

‘U
M
il

0
B9et st 2| L2 20| He MURIE 20[X=

o
1A
o
o

1°
|y
=

4o T b
o
=

]

il
ik}

02 M
oz

lo
>
Y

e B
-
=}
P

P~
0X @
o

H

i
Pl

ol
S
N
do

>
0
o
mjo
Rl
D\l
&
|O
Hu
=
=
0x
or
oy
+*
=t
>
oo o

L
o
|0
HU
s
1o M
~
or
0x
mjo
0x
_J\I
ob
Mt

Fig. 9.

Ir >

v 0¥ g

2
~
2

ol

0x

oA

H

mn >
oy

I

B oox
0%

M 5

ol

o

e

HT
0x imi
ox '
H1 E k=
> ~l fim]
N o St
2 i >
HT o rr
[l = oo
woo o5 b ol
0x u
iz Mgt B o
1o . Fi
=] N %
> =) 0 04
rr =
N z0
0 > it
HU
>
=]
ro
0
<
=

ol

N

fedl ® HAMES o2 x|E
Mot HAlslM 0|22E S0 XIgtet
=E Fig. 901 LIEFHRACE 2ol A
Het SAlol A mMeld 0|2
K2 AME HO[AES AdH 4
o2 LIEHGTt J2Lf, ANME Mgt

S0HHE] ChohAls mHAelds HEC=Z Algst
[e)

o —|>n

3

QF 0

_,_
—_

rol

—_
S &

ZE8 H| 0.358HE0f tisiAs HE MEED
IWFUE Aoz BAXE, 220 2 =28
oMz 5| mAelM 0j2

10 3| Z0IE E20[X] UTE 02
Kol UM HAM2N DEY2 1ds g2l 24
0] AGEE Mol 7|

2 Ha Dl

I

2
=
0

2
Q'I_I
rir
N
|0
Hu

=
s
il
£Q
(nl

d
=0l ofx|
1gAI7I= dlof
e,

A

|'|_|EI
k=]
oot
J
0[0
1E
2
r
e

o
N
0
HU
&
gt
i
M

r

o 40 TIr
ol
ro

e

> FM

o 1o

2

~ =

rr i

Koo

ox I

or ki

N mHI
+

ox

N
£

2

i}
=
xe}
il
>
2
Ir >
-] 0f0
> o
rroofr rr
N
|0
o =

> b
%
oA

=)

lo A
oy

Pl il

ro i

i

1 S

olo T
=
0 ¢

J
1o
Rl
oy
H
o
rr

rol
0%
IE
|0
HU
P
E
o ON x
Ton
1z
1o
for
00 ol

0=
N
o oI
Uiz
0l0
WA
mo zo
a2
H-HM' I’H
P oo
(@]
= =
2 oE
El olr
o
>

=
o
>0

d
™ oF
ox

=
b
fon
b
o r
AT
=]
njo
o rr
>
or 4>

N

o
40 1o
2
S
0
0y

e 4 4

)

0

=2
>
0l
el
rir
oY

2

oY

o M0
=
0x

=
1o

jo o

on
=

0=
]

o
.=
M =

4 o
mo ~
P
[0 m
HU
E_|
il
il

£0 o

10 —e—T/B0.3
W/B 0.35

-8--W/B 0.4

——W/B0.45

©

-

~

\

AE|
——

O
o

o

]

~

Viscosity (Pa.s)
)

|
—A

"

~

4 6 8 10
Repalcing Ratio(%)

Influence of replacing ratio on wasted limestone of the
viscosity on cement paste depending on water binder ratio

StEMMASIIStE =27 2018 6% 127



(@)
00k

X
|'>4
ot
Ho
B
=
r
ro
O
i)

70 mDay 3
60 |®Day 7

Day 28
50
40 |
0 II II II II
0.5 1 2 5 10

Replacing Ratio(%)
(a) wb 0.35

Noow
o o

Compressive Strength(Mpa)
3

~
o

mDay 3
mDay 7
Day 28

0 II II II II II
05 1 2 5 10

Replacing Ratio(%)
(b) wb 0.45

D
Qo

N W oA wu
o o o o

Compressive Strength(Mpa)
5

Fig. 10. Influence of replacing ratio on wasted limestone of the compressive
strength of cement paste depending on water binder ratio

=)
0
10
o
A
=2
ﬂ
=
ol
1 0Q
wa oo

=)

S X 010k BiTt WAIEIN 02 xigo] 112 F=S

AT HZEDO) dh AIMEO Chet XS 232|E0] 45
U YT o) BHS F 4 U 12{0Z 2 AR Yo
= YAOIN 22 Bl 045, TS BN S-ZE bl
0,358 BI00 L5104 HAISIA 0] XS0 112 UEYTE =
HEIACE URYS S Zls Fig, 100 LIEMNICE A2 2t
OlA] LIEHt Bl2t 200] D2 BHEO|L WA bhEt 25 Tl

[
H

J
Rl
Eﬂ

=]
314 DIZE0| 10%7HX] X|gtel=s 20|z EE5| &
7

ol
N
T
oy
H1
n
rgh
=2
02
ook
o
I
rr
kO
P>
rr
zQ
rr
SN
|0
HU
=]
r
il
o

4, B2
2 o0 s 2RZ0| B2 Tas 232|E HEe 52 A
NEEE W] 95t gioto2 A AJHIE HIZIH0A LasH=
HASIN 0222 22510] AMIEY X|&8t02M AJHE Ho|
AEO| ANFEOf DIRI= 30l Cfal] MBS TIstsiit 2 o
L HMs|A 0j2U0| B2 J54S S0IsIIX} i 7|EXP

128 vol. 6, No. 2 (2018)

Sr2M AME YHSFolM Ldot= HAalA olZof ot
F7HRI 718 gl0] XIgtstod Akgsto] 2 Zo| E= Mot RUtE
=88 += YAXITL 0] = ZUE Y2 A2 FI6in
&= Mol 0229l Y8 2RI 2t L2 RlE ¥S
T s Aoz HHEL, = S70| 2 FelolH st 2t

1. HMeld 0|2Ys H=C2 X[Ett 420 22 ol
27| FefE FAlE oAt T S-ZE HI7F oA
O I 1ds Tt SA MESIRE ER0E
M3l 0lE2S A xget HAM oL s82 22
ol BTI0] EZACL,

2. HMslM 0|2eE XIEe FR0ils §=3=0| Mgst=
SH0| HEEIL S0l 1ds grHlet SA0 MEste
B0z ¢=3219 g4=0] S7t6t0 HAeM 02
ol =30 thet 82 nds Armet SAlf AEE
M SEYS & 4 AUCH,

3. MMM 022 Xe2 A9HEE Mol 27t AT £
ol, ¥=399 42 U2 1ds HrHE Mgt 32
oF MoK 2 20 UMM St +&29 28EE
Mot EEIUCE OIS Saff WAdslA 0|22of Xjg= A
NEZE MU= Q42N &8 71540 ASS Y &
UKACE

4. W3 0l Xl IE AE HOAES U=HE
= 2 79 Xgs HAL 10%7iKs 2 AGSS FX|
HE Aoz HEEUL

AL 2

0] P17 2016HE ZAHS!

Hlo| 2fstod +A=AS,

El
=
0o
El
rio
e
-1
AN
T
P
0x
e
41

References

Han, C.G., Heo, Y.S. (2005), Mineral admixture factors affecting
rheological properties of cement paste, Journal of the Korea
Institute of Building Construction, 5(2), 57-61 [in Korean].

Kim, W.J., Cho, C.G, (2008). “Experiment on rheological and flow
characteristics of flowable concrete varying with SP and W/C
ratio,” Proceeding of Annual Conference of the Architectural
institute of Korea, 571-574 [in Korean].

Krieger, | M., Dougherty, T.J. (1959). A mechanism for non-



AHE A/

newtonian flow in suspensions of rigid spheres, Transactions
of the Society of Rheology, 3(1), 137-52,

Lee, J.I, Lee, SH. (2011), Rheological properties of limestone
blended cement paste, Journal of the Korea Concrete Institute,
23(1), 481-482 [in Korean],

Sidney, M., Youg, J.F. (2008b). Concrete Second Edition: Fresh
State Concrete, 214-234,

Mzl e Mol 2=iizz M HAslA 0|22l AL 7}

Sidney, M., Youg, J.F, (2008a), Concrete Second Edition: Fresh
State Concrete, 566-583,

Wallevik, O.H,, Jon, E\W, (2011), Rneology as a tool in concrete
science: the use of rheographs and workability boxes, Cement
and Concrete Research, 41(12), 1279-1288,

ANHE AZE MR M= KMot IR 2 A HAMS|M D|2Te A8 75y 2M

2 ool S22 ugt 3 AeRdE Aol S-ZEX) Hlof sl AMEAZ M=ol H=E g7 7I= 0] et F2E
MSsh= Aol AE AZ 20| Reds 28ots A2 =-Z8M Bl & X2zt 47t /Ut OIS E=AHe
= HQE W =-ZEM BVt H2 EF ¢RI HeE HFH daXlel 3 gER| Mol s FAIR HE Xsioll=
SIAZE QUT w2t of GitolME AIIE AIE =0l HEE R57| ffcl S-Ze Hloll WS mAalA X|sto] et
He Xfot 7Hsds BM6INnh 4Y 20t HMeME Xgh6ie 29 e Astel Eut /UUCn 0l= ARIE AZ
M=o M= HMofof Folnjer ZUE = A= UL Mt 2 H19] Hit= AMHE A Mz H=8 H5e
Lo M EX| |0l oot Yore| 7|=HQ! XwIt 2 Aoz dziEnt

sridasintystsl =2y 2018 62 129



