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An Experimental Study on the Influence of the Qualities of Ordinary
Portland Cement on the Flowability of High Flow Concrete

Sung-Woo Choi," Hyun-Tae Jo,"

Deug-Hyun Ryu,l)

and Gyu-Yong Kim”*

YR&D Division, Eugene Corporation Co., Ltd., Goyang 412-480, Korea
“Dept. of Architectural Engineering, Chungnam National University, Taejon 305-764, Korea

ABSTRACT Recently, due to developments in construction technology, the use of high-performance concrete became
popular. High-performance concrete when compared to the ordinary concrete can better satisfy required performances
by using mineral admixture and superplasticizer. Various studies on the effect of admixture materials on the quality
of high-performance concrete have been reported. But there exist limited number of reported results on the effect of

cement qualities, which

is the most important constituent material

in concrete. Therefore, in this study, the

relationship between the quality of cement and the flowability of high flowing concrete is investigated. Qualities of
domestically produced cement were identified, and then the influence of the qualities of cement on the flowability of
high flowing concrete is evaluated. The result showed that the dosage of required superplasticizer was dependent on

cement fineness, to brain, free-CaO,

and interstitial phase, which all trigger initial hydration process of cement.

Particularly, the results showed that fineness of cement has a high impact on the dosage of the superplasticizer. For
strength property of concrete, the dosage of superplasticizer had a significant effect on the early age strength, but

had negligible effect in the long term strength.
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Table 1 Test item

Test item

@ Particle size analysis
@ Chemical analysis

basic | (® Compound composition
properties | @ Total alkali, water soluble alkali
® Heat evolution rate for binder

Cement

@ Slump-flow and air content
: Inital and elapsed time (60 min)
Concrete | (@ 500 mm reaching time
@ Flow area ratio
@ Compressive strength : 1, 3, 7, 28 days

Table 2 Mix proportion of concrete

Unit weight (kg/m’
wic | sha ght (kg/m’)

W |OPC| S G | AD"

20-50-600| 30.0 | 44.5 | 162 | 540 | 722 | 908 -

D Adjust the appropriate amount of cement by manufacturer

38 | st=232|EsS| =28 243 M1S (2012)

Table 3 Properties of material

Material Kinds
Binder OPC

Properties

Domestic manufactures (7 sample)

Density 2.60 g/cm’, FM 2.81
Absorption 0.76%

Finer than 0.08 mm sieve 0.82%
Coarse Crushed |Gy 20 mm, Density 2.61 g/em’
aggregate stone |FM 6.60, Absorption 0.68%
Polycarboxylate

Density 1.05 g/em’

Solidity ratio 20.0%

Fine Sea
aggregate sand

Chemical |  Super-
admixture | plasticizer
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Fig. 1 Critical dosage of admixture and dispersing ability
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Fig. 2 Brain

Table 4 Grading analysis of OPC

A B C D E F G

D10| 3.18| 3.08| 290| 335| 433| 435| 4.00
D50 | 16.30 | 18.20 | 15.61 | 17.08 | 17.46 | 18.52 | 18.43
D90 | 48.08 | 53.38 | 43.97 | 53.45 | 49.91 | 51.59 | 51.43

WAccumulated average diameter until 10% range (nm)

Volume (%)

Fig. 3
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Table 5 Chemical analysis

A B C D E F G

Si0, | 214 [ 207 [ 208 [ 208 [ 220 [216 | 219
ALOs| 53 | 56 | 53| 53| 51| 57| 54
Fe,0;| 34 | 33 | 35| 37| 38| 32| 36

CaO | 616 | 620 | 61.7 | 619 | 61.7 | 615 | 61.6
MgO| 23 | 33 | 30 | 20 | 20 | 32| 23

KO | 12 ] 09| 11 ] 11 ] 11 ] 13] 10
Na,0| 01 | 02 | 03 | 01 | 02 | 02 | 0.1

SO; | 21 | 21 ] 23] 19] 18] 17 ] 21
fcaO| 07 | 10 | L1 | 1.1 | 07| 06 | 08

CsS | 673 | 574 | 600 | 582 | 64.1 | 628 | 63.6

C,S | 12.1 | 127 | 140 | 133 | 163 | 13.1 | 144

GA | 57| 91| 82| 90| 56 | 89| 65
CAAF| 83 | 62 | 65| 73 | 99 | 75 | 84
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Fig. 4 Compound composition of OPC

Table 6 Amount of alkali

A B C D E F G

K,0 121] 086 1.03] 1.01| 1.07] 1.25] 0.95
Na,0 0.09] 0.1 0.20] 0.10| 0.14] 0.10| 0.09
Total alkali | 0.89| 0.68] 0.88] 0.76 | 0.84| 0.92| 0.72
K,0H)"” | 056| 042 071] 0.54| 0.74] 0.8 | 0.57

Na,0(H)" | 0.02] 0.02] 0.06] 0.01| 0.06] 0.02] 0.02

Total alkali(H)"| 0.39| 0.30| 0.53| 0.37| 0.55| 0.55| 0.40

“(H) : hydroic
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Fig. 5 Ratio of water soluble alkali
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Fig. 6 Heat of hydration
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Fig. 10 Initial slumpflow applied AD dosage 0.9%
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Table 7 Dispersing ability according to OPC

A|B|C|D|E|F |G
itial cD"| 0.46| 0.45| 0.66| 0.60| 0.48| 0.77| 0.31
nitia
DA®[17.3624.36 [24.04|26.7217.97 | 15.67 | 21.25
Elasped| CD | 0.66| 0.63| 0.82| 0.73| 0.74| 0.88| 0.47
time | DA |22.34|28.81(24.92|25.3415.45|10.06 [23.31
CD : critical dosage, “DA : dispersing ability
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Fig. 11 Area ratio of slumpflow

Fig. 10°] $Y IASAELTA AHEH A& Al AWE
AzAPE EPZEFRLE JeERAoh

EE EHIZZE 600 mmE YA A TAEYD
FA o] AT Wste Al F 5T Ag AMg ol A2
G B % AMgFo] Ao w B2 FE AQstH A
A 02 0.9+0.1% HAE T3 U= AL
2 Uehytth AR FEo] 7HE 48 G ASolE 0.65%,
ARE ol 7 Be FO Afole 1.25%= AMEwo] A

o] 2u) = =o]7} vpehbal gtk
AN 60FNM Y] ER SHIZZQE W)
A L] AMEEF WsteE OiRE AR A
A5 AEZSA] AR H8)] 0.12% W 718
FS Uel I o, E 2 Fe ZA$olE 28 o]
35% Wel S7HAACE He A OE [SR357e=

)

A5 AEZ

=
RS

fr o
0 o kI o(f

-~

\

O:

o

SHIZIZRS A mE {54 F7F gl
A b SAEES Table 790, A A7VE
of M zt AIMEY FAEe] WAHH|E Fig. 119 4
el i

A A7 fEde gEeh] % gAY Ha
AHEFS ovlshe ALmA Az AF A A AL
(D)9 4% G B, A, E w08 Eopx|aL 3lom,

2ol nRE 232|E2 K& SO D[XlE ok 2ot AT | 41



D, C, F£ f384& 2

/\]-q];a =1 g— ]

A mE &

GAHE A¢std Az 25
[e]

Hu301 AT LA A8y

E%ﬂ CD*] #-%
18] vlad AzAPE =}
o7} ZopAlE A=

Az AFe] BEAEE(DAYS D, B, C, G 2% CD
e AxAPE s Ede] A pelvt de AL
Uebstth ol Al AMEE St e fE A
£(71&71)°l D, B, C AlF°] EAF thH] i3
Aust= Ao Z ZHEAY 938k BAE I A
zrsithal & # Atk ot A }%%hﬂ
2 ool A E A=A
To] wAE e =3 %q.

U’.

o |

il
[o
fu
2o X

J

fu mlo

lofu [o W
r-\o
Y
)

3.22Z A B0 EHN
I SAELFAS RS IfF 2AYES AW

= Fig. 129 UERHSITH

=93 FTASTEFA 09% L A SHZZgO A
AWskge 49EE F E C, D £02 A3 1
& ¥z ER$e) Ayt 2 yenta geon, A
How 27| SUTERS gol A7 Uehdd B 2 G
e sy gz AAMslgel 1o Age tey
Q.

27 5Y F54L Fuske A A me

45 AEL RERE
z%—i% e o 211%91 B eAe) Aol

700 M |nitial Elasped time 60min

600
500
40
300
20
10
0]

Fig. 12 Slumpflow applied AD dosage 0.9%

Slumpflow (mm)
o O o

No slumpFlow

8.0 1.4
R 1.2
-
s 20 1.0
“6 [0
& 08 §
o 40 ke,
® 0.6 a
& 04 <
o 20 d

I 0.2

0.0 0.0
A B C D E F @

Fig. 13 Variation of flow-area ratio at elapsed time and AD
dosage

42 | st=E32|Ests| =27 M242 M15 (2012)

Hla thd AlFE SollA 7P Aeolle Btsial WA

o Wb A He oz vehkouh B, FAR] 7

S, AA AHg ol AT ow WA, Bl wal
F= Ao £ 20T tehba gdojA, Az
of WE fEA Aol7t vl F Ao e Ak

500 mm £2 AIZF
l*é—z—AE%.—’F A 09% FY HE A EHEZE
224500 mm =EAZF 25U 53 SHEZEES &
H Al 500 mm =2A17He] WSS Fig. 1490 YJERY AT
A AFEEHE 0.9%% TS Z83 4% 500 mm
EYA e CAF AFe A, A ALE ol fAket
A, EAF AlFell Hls] 500 mm E=EATRE AHFoR F

O

7tehe Ao YEyon, 53 & TR A]
715 A TAETTA AMEE WE Al FYe A
< Yehl o Aot

3.24 \HE SA SH O 24H AHEF0 &

(1) +ExEe] JF

ARIES] BUw7E I4F 23 ES] §5 54 7

[€)
F ool CDo| BAE Fig. 159 YERS
w7t S7FEE CDRE B9 FTkske A
A7 Aok T AEFE e 9l

= Ad dosgat 0.9%
secure target slumpflow

A B C D E

Fig. 14 Slumpflow 500 mm researching time

time (sec)

Slumpflow 500mm researching
lon research

F G

0.80 >
A
5 0.60 /o/'
2 S o
S 0.40 _— y=0.000x-1.674
£ L R2 = 0.900
S 0.20
0.00
3200 3400 3600 3800 4000
Blaine (cm?/g)

Fig. 15 Relationship between brain and CD



0.80 ®

e
S 0.60 @ St
2 °
Q e
9 0.40
3 ®
£ 0.20 y=-0.221x + 0.978
o R? = 0.092
0.00

1.0 1.5 2.0 25 3.0
SO; content (%)

Fig. 16 Relationship between SO3; and CD

Critical Dosage
o
iy
)

y =0.176x + 0.056
R?=0.345

15 20 25 3.0 35 40
MgO content (%)

Fig. 17 Relationship between f-CaO and CD

@) Sl 9%
Ut o g2 {5 EA JS vx= A|WE 3§t
HO 2= 805, Free-CaO(©l8l f-CaO)t dZe]d+
K0, NayO 5o #olsle dhs 2oz g4 glow®
SO; 3 MgO2| &t A rAl AHge] #AlE 2
Z} Figs. 16, 179 YFERA At}
SO;9] &eFslrt Cpell 1A =
Zﬂilﬂ 8% Ur**ol -2 %1—% Ao L}E}kkitﬂ A
=

o oX

)
=

n

rlr
o
o
o)
%X
{o
>,
ull

= A% Y Atk ol Mgo® 2

of HEAel YT VA Nrke AWME 2Y F B

A Aol ES} wheatel o] Al R Fesl 4ol F7H
O,

of vlste] 3} Hrt =AM FAYE B kR
= ] 9371 wne) 27 —rﬁ}JJrZ“ﬂ

AlE Fig. 189 et

7+=2d o]l F7HESE CDE SUHAYE

o %
o ek Aol $H AYso] FYEG B Aol
E g FAY] FHos Fadta, hE 3

®
. °

% 0.60

3 &

o [ )

2 0.40

S °

=

S 0.20 'y =0.094x - 0.909

R?=0.286

8.0 11.0 14.0 17.0 20.0
Interstitial phase (%)

Fig. 18 Relationship between Interstitial phase and CD

1.00

g 0.80 PS

£ 0.60 o —

©

T 0.40 *

E= ® y=0.353x+0.190

© 020 R?=0.273
0.00

0.40 0.60 0.80 1.00 1.20 1.40 1.60
1hr cumulative hydration (10J/g)

Fig. 19 Relationship between heat evolution and CD

80

@
o

40

slumpflow 600mm (MPa)
o
o

Compressive strength secured

0

Fig. 20 Compressive strength

FHow AT JEUR|E F5Ee WEH o]
Mo Zrkste] 4] FAAHl HolAA Hol 2
2YE §F S Asse 2o B

@) ml2sstdel 9

—'—5'-3]‘5«] B FES st AHES] &3 whE

T AR O] A waestdt A Al AR
o] #AE Fig. 199 VERH ATH

v agstdo] S/t E CDE S7tshe
U3 glon, B3] AAo AFEE A A
7h g = Ae® yeith ol F3huks
Z7V s ZIa7E 051\510] FAESYS
e, w3 27 AYEE SR Fol 7t
d% WA B €9 YA MERL o] Z5) 1
Fol A Aol FTlor B Row et

H



Aoz ekt ol AMES] F3h 27)Ade Alw A4 54 s PN B5Al ST
E F4 54 713 A A ol B2 P & Z7IA" AN S PAA VAP AN =
g mAR Y g7 AFeINE oleld o] zhashe Aol ggro] gl Ao® Yeht
Aoz A, weby JfE SAYEVF AR T
AEA e g E BAle) ASFE SUAAE Hn=s
A 2o 2 ¥ gle Jez AdHn.
1 A7), 445, “FIES 319 Ao /i 2 <
4.4 = ol HA Fg) FAYEFIA, 149, 15, 2002,
pp. 38~43.
- 2. 289, AL, 2714, o7&, A, “EertEEat
Alz %A@EZEWEHO '705_:3; E ) =, , 3T, » -
o o e T, A DEAE AMEA AR B9 plRE 9T &
2] 2= oIk 5 3 L _
o FH WFel mAS 9IS HES] At Al ES Az)esks] =23, 139, 43, 2001, pp. 354-361.
Z12Ed Bt 4 AfE SAYES F4 54 w4 3. Msddszza, F., “Effect of Superplasticizer on the C;A Hydra-
I ey 7re A28 A tion,” Proceedings of the 7th International Congress on the
1) ANHES %7] 3l QoA m)iafstd B4 2 Chemistry of Cement, Paris, 1980, VI 529-34.
3 Bubzo] 9dgfe] wjo 2 AL solaidu 4, Sh.onaka, M., “Chemical Sj[ructure anfi Perform:ance of New
) TGE ZAES §E =4 Wl A7 AHE 7 H]gh-Range. Water-Reducing and Alr-EntTa?nmg Agents,
. . = o) om0 B el Sth International Conference on Superplasticizers and Other
FAME AE 540 wel s fede Srshe Chemical Admixture in Concrete, Rome, 1997, SP173, pp.
L3S AERTFA 9] ARE-Fol AlzAPE HY 2w W) 599~614.
9le] ZpolE YER L STt 5. 5%Y, 734, “ITTHELHCIEA LfEsAe] &
3)afrE FAYESY #& 540 ¥FS VA= 2 AT27 AHME REEES] F4d vAs 9 £
Qlo 2 A & 74A ALEF(CD)ol tlste] Rue RO EAl LfrEstAle] AT AIRE B2
7 BS5E, vasadel BEFE CDYE 371 SRSl SO M 9T e e, 41,
S A Eko = o 43, 2004, pp. 302~312.
she BRE e 2l 6. SAIR, “EEUE AWE B 2 AL 2000,
4) 3}stxAo oM e SOy FHE FE5AHLS F7H 402 pp.
7= S8R0 %, M09 TFE 58S AaAT= 7. REFIERL, HIGE, “EE,-7 4 bRt A » MBI 5MgO
8R1e g YT DMEPFFEICTUATTHE” e AL b - 27 )X
5) AlRIES] ZHHH(CA, CAF) #ol S7184% 27] %, 2001, pp. 27-34.
_ _ o _ s ey .7 WA, AL, AESH o|&F, XS “AlW
2= Z] 80 o v O =) % = = = Ao 8 Zz%i, HATr, | s, M W, o i, mT Y, g}
3} Li]%as}@] 54 AstE st AL E o mj2 7% ZawEe] wad 246 B
]
= HERT. ‘ 5 499 Ay dRTANESE ¥ SE)s =87, 12
2 9 FH A4 A3Iel] e wet LfE =St 3 FATEL] ARgo] dukstE I e FA0
ok ol s FAYEE At FAE Hle) E3kA B A SAERTAL] AHE 58 El 87 Hes R
T e, 7|Ee] A s FAES] F2 WEd vAE E3AE] I e g A7 Ads BaEA
Ak 2Ey, FAYES] 7P 8T AR AMET) AfE FAYE FA vAE G i A BAE of
A vse Aotk uEA ARE F23 fE FAMES] fE 549 4HEe AES] 8 S Alasd
ARE AFES ez AFE 2 SA4E 93] e, ANE F2 540 AfrEe FTAYE AN frE 5
ol mAe FEFE BrIstanh A7 A3 Bor B AWEe] 27] F3lHgd #oste ek, 1Y 5 2
Aol ARGl S A, 53], BEEs AP F2 5S4 dHglol i =2 4aAdE e v A
EEAEA M e 2 ARG Riske 27] ARl S vAAT GVAGAE A el e A2
= Upehitet,
WAME0l : E5 ISUC NHE, IRS 2ILE, I8sAed=M, 225, 23
44 | st=Z232|EstE| =27 243 M1S (2012)



