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A Study on the Properties of High-Fluidity Concrete with Low Binders
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Abstract The practical applications of ordinary high-fluidity concrete have been limited due to several drawbacks,
such as high hydration heat, high amount of shrinkage, and non-economic strength development. On the other hand,
due to its advantages, such as improvement of construction quality, reduction of construction cost and period, the
development of high-fluidity concrete is a pressing need. This study examined the properties of high-fluidity concrete,
which can be manufactured on the low binders using a viscosity agent to prevent the segregation of materials. The
optimal viscosity agent was selected by an evaluation of the mechanical properties of high-fluidity concrete among
six viscosity agents. The acrylic type and urethane type viscosity agents showed the best performance within the range
where no material separation occurred. The mechanical properties were evaluated to examine the optimal amount of
AC and UT viscosity agent added by mixing two viscosity agents according to the adding ratio and blending them
together with high performance water reducing agent. When the ratio of the AC : UT viscosity agents was 5:5, it
was most suited for high-fluidity concrete with low binders by increasing the workability and effect of the reducing
viscosity.
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2.1 AEM=
2.1.1 AEH

Bl =

Al me HAS
(Ordinary Portland Cement, ©]3} OPC), I Z2&e| 1 v
= Z(Blast-furnace Slag, °]3} BS), &elo] ¢ A|(Fly ash,
olst FA)E AMBsllom Z4zhe] wo)-shehs] A2

Table 13 2t}

= 3L E
15 X=

AlHE

Table 1. Chemical properties of materials

Composition % Blast Fly-ash
(mass) Cement furnace slag (FA)
(BS)
CaO 61.33 42.26
ALOs 6.40 14.92 16.60
Sio, 21.01 35.08 3.80
Fe;03 3.12 032 5.58
MgO 3.02 6.41 0.82
SO; 2.30 0.11 0.51
Specific surface 3,413 4,500 3,117
(cm’/g)
Loss
ignition (%) 1.40 2.1 3.82
Density
(@lom) 3.15 291 2.98
212 =X

B AP AR AR FE ZAE AR 10

mme] B A%S AHgH O], AL A HALS 7

T BHE 552 &3l ARgsaith A9 B4
A AL Table 29} 2t}

Table 2. Physical properties of aggregate

Classification Sea sand Crushed Coarse
sand aggregate
Density (g/em’) 2.62 2.59 2.65
Absorption (%) 1.23 1.57 2.96
Amount of passing
008 mm (%) 1.85 2.96 0.3
2.1.3 =3t
ZoA|(Admixture, AD)Z IA%F AT U=
1.03 glem’, L&E3FFo] 20%] Ffak Ze) Al
s AFAE AREEITh
B, A PJEGGelNe wfE TaYES
Azt g SHA A8E f& AEE FHA
(Viscosity Agent, VA)2] 5205 Table 30| YERNSITE
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Table 3. Physical and chemical properties of viscosity
agent -Slump flow
Fresh 3 -500 mm reaching time
concrete . :
o Measurement -V-lot passing time
S .. Viscosity
Classification| ~ Composition Color Shape -
(cps) Hardened 1 -Compressive strength
K concrete (3, 7, and 28 days)
MC Methylcellulose ‘White Powder 3,000
XG Xanthan Light yellow | Powder 1,500
PEO | Polyethylene oxide White Powder 1.000 Table 5. Concrete mixing design of series I
ST Starch White Powder 500 Unit Weight (kg/m’) AD" | VAY
%/B) | (%/B
AC Acrylic Light grey | Liquid 300 B | W | C|BS|FA|SI|S2|Glo|B)| OB
Plain 1.4 -
uT Urethane Light brown | Liquid 300 e 2 ool
XG 1.5 | 0.02
2.2 }élé_-l Ii_! PEO | 370 | 170 | 259 | 74 | 37 | 431 | 426 | 915 | 1.6 | 0.03
ST 1.5 | 0.06
221 EN M¥
o AC 16 | 01
FHA] A4S 93 Table 43} o] MiFHFS 4 TRET
Al8kgler, Table 5= A2 E wightars vekd A
oJt}, =xq SESIAE=] =
N L 1 222 ZHEMO M ABY =5
e FAYES Axsr] 98 7lE ZAE o e s . .
TAA FTHE HES ZFAE nwgom ofags
mErzgon AgHE A0 WEA AR e _
_ " . - ) _ (Acrylic, ©]3} AC) 2 $-#EH(Urethane, ©]3} UT) &
Ahgste] AR B S WeIA S 7bs " ;
ARl A3t ol FEe Ao ehon, B A1
3 Zuo] =M E = o =Aslo] 7F Z Az o] A= = > = =
\_-‘JW’] EU——EE%}-E‘_‘TOO]—O# "l’_o‘ux'“’] i) - ) 3 Qako AE=
M= AC B UTO| 474 AHE- 2 A =38kl Table 6
& Prhsnd sgom, wiE 2aEe 24 3
’ 3} ol ¥ FAA) FRAHE L 24 2RI Qo
ol 3 CthA| 7} EJA 7S = = K
7Fet7] $18) 500 mm =2 AR Velot FHAIZHS S S0 o =
Aa= Ao Atk st 3 Wit dS AAlEksl o, Table 72 28]
o o °
. g £ ulgAEg dehd Aoltk AkgAlE R el 2E
IAfglo 2= FglE 9 REgl29] Ay A
KA - W =0 olo] Ayl EolF) 2=3] 5] o)
- = w = _ H o s Et‘;:jl]' S E°]'7ﬂ T?sEE]ME]'.
4 T8 R AME e e SRAVE A HEE
710 2 AFREES AT o= = Eo| A&7 . .
IEo% RS Aot ol 238 1713 Table 6. Experimental factors of series IT
AmTE 7 B A 1Y% BEAE T
o:] *?r EE] E]E Oﬂ 7]_;(} 7(4%?5]— = @Zﬂ% 23 H 14-] Variation Item Factor
. W/B (%) 1 |459
A a9k, :
S/A (%) 1 |485
Table 4. Experimental factors of series [ Binder 1 {OPC(T0)BS(20)+FA(10)
Variation Item Factor Target slump flow 1 ‘Maximum value before
WB (%) 1 459 Proportion ~ |(mm) segregation
SIA (%) 1 485 -Plain(None)
- -A(AC:UT 2.5:7.5)
Binder 1 ‘OPC(70)+BS(20)+FA(10) Viscosity ~ agent p ‘B(AC:UT 5:5)
Target slump flow 1 ‘Maximum value before ratio “C(ACUT 7.52.5)
(mm) segregation g (A0
Proportion Plain(None) N
-Plain(None
‘MC(Methylcellulose type) Fresh 3 ig)lgnﬁug Or\:achin time
Viscosity agent XG(Xanthan gum type) concrete -V-lot passin; tin%e
type ty ag 7 -PEO(Polyethylene oxide type) Measurement passing
“ST(Starch type) Hardened | -Compressive strength
“AC(Acrylic type) concrete (3, 7, and 28 days)
-UT(Urethane type)
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Table 7. Concrete mixing design of series II 7 WA TR AR S E7] AlRsEe] of iAol A
TERTe— —— %] nel/] AR WA HOE FET
B |W /| C|BS|FA|SI|s2|Glo|®B)|CB)
Plain 15| -
A 18
B 1.7
370 | 170 | 259 | 74 | 37 | 431 | 426 | 915
C 16 | 01
D 1.6
E 18

(a) Compressive strength (b) Slump flow
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F8 FAAE W R AZslaL Fig 1(a)ol LeRd vt
oF  zro]l Hu& 3,000 kN vWHsAIEAE7Y

(Universal Testing Machine, UTM)S ©]-&3}o] 0.7 (¢) V-lot

mm/ming] AsFELA] =AY
mine} AsHEA SASA. Fig. 1. Test method for high-fluidity concrete with low

binders
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Fig. 3. Slump flow test result Fig. 5. V-lot passing time test result
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=
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Fig. 9. 500 mm reaching time test result
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