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General high fluidity concrete is the area of high strength concrete with a high amount of cement to secure the required fluidity and
workability. Since most of the concrete structures currently used have normal strength, there is a limit to the practical expansion and
practicality of use. Thus it is necessary to develop normal strength-high fluidity concrete with low binders that can be used not only in
general buildings but also in special buildings, and can greatly reduce construction time and save labor costs. This requires to develop
and apply the polycarboxylate-based superplasticizer. In this study, PCE was prepared for each combination of starting materials(WR,
HB, RT) and the rheological properties of cement paste were analyzed using ringflow cone and a rotary viscometer. As a result, when
PCE with a combination of WR 80%, HB 6.5%, and RT 13.5% was applied, the yield stress can be minimized while securing the plastic
viscosity at level of the normal strength. In addition, high fluidity due to the high dispersion effect was confirmed.
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-based superplasticizer
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Fig. 1. The relationship between rheology and workability in concrete

Silica fume

Reference

Shear rate

Superplasticizer

v

Shear stress

Fig. 2. The characteristics of rheology by affecting factors
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Table 1. Experimental details

. PCE of combinations(%)
0.
WR HB RT
Al 0 50.0
A2 16.5 335
50
A3 33.5 16.5
A4 50.0 0
B1 0 35.0
B2 11.5 23.5
65
B3 23.5 11.5
B4 35.0 0
C1 0 20.0
C2 6.5 13.5
30
Cc3 13.5 6.5
C4 20.0 0
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Fig. 4. Structure of PEG and MPEG
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Table 2. Properties of PC-based raw materials LRI HoI0 £d T YESHE HEIR
Types Appearances Description
Water . - Excellent water reduction by
reduction | WR ngkllit l};zilow powerful dispersing effect
type q - High flowable concrete
- High water reduction and long slump
retention
Hybrid Yellowish |~ Gf)od for blendn.lg cement(F/A, Slag)
HB brown liquid | Higher compressive strength at early
type d age and 28 days
- High workability without bleeding or
segregation
Retention RT Faint light |- Excellent water reduction and long
type yellow slump retention
Fig. 7. Test of rheology of cement paste

3 All samples are polycarboxylate sodium salts and made by soild(25%)
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Table 3. Results of combinations with WR, HB and RT

Flow Plastic viscosity | Yield stress [Reduced
(mm) (Pa - s) (Pa) water
Initial | 90min | Initial | 90min | Initial | 90min | (g)
Al| 151 232 2.41 1.57 9.03 3.51 -
A2| 167 | 217 2.19 1.58 6.91 443 -
A3| 175 211 2.06 1.67 6.25 5.12 -
A4| 190 | 207 1.99 1.71 5.78 5.55 -
Fixed Bl| 188 | 229 2.00 1.46 5.52 3.18 -
Jﬁi B2| 191 | 216 | 198 | 157 | 601 | 468 | -
B3| 196 | 202 1.93 1.75 5.49 5.16 -
water
B4| 212 | 210 1.78 1.71 4.63 5.03 -
Cl| 223 229 1.79 1.54 3.64 3.64 -
C2| 216 | 214 1.88 1.68 444 | 479 -
C3| 215 211 1.86 1.71 4.40 5.07 -
C4| 217 | 209 1.84 1.75 4.49 5.55 -
Al| 221 269 1.54 1.06 4.68 0.57 0.0
A2| 225 260 1.59 1.13 435 1.22 0.0
A3| 225 245 1.59 1.25 3.83 1.75 0.0
A4| 226 | 237 1.50 1.22 4.65 2.86 -2.5
Fixed Bl| 224 | 251 1.76 1.25 417 | 2.87 -2.5
SI‘X; B2| 225 | 243 | 165 | 133 | 424 | 282 | 25
ﬂl;WP B3| 227 | 229 1.75 1.60 5.28 3.64 -4.0
B4| 227 | 225 1.84 1.63 4.45 3.49 -5.0
Cl| 227 | 239 1.62 1.65 3.17 | 2.89 -5.0
C2| 228 | 229 1.86 1.82 3.66 3.81 -6.0
C3| 228 | 221 1.84 1.76 4.03 4.93 -10.0
C4| 229 | 217 1.89 1.75 4.61 5.43 -13.0
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Fig. 8. Slump flow of cement paste with PCE
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Table 4. Shear rate and shear stress of PCE

Shear rate(s")  |0.1250.25 [0.625|1.25| 2.5 | 5.0 |12.5 | 25.0
oy [ mitial | 20 |30 | 45 |65 | 105] 155|275 | 405
90min| 0 | 5 | 10 | 20 | 35 | 65 | 145 | 265
o | mitial | 10130 | 45 |65 | 100] 155|280 415
9min| 5 | 5 | 15 | 25 | 50 | 80 | 165 | 285
s [nitial | 10 [20 [ 40 |60 [ 05 [150 | 270410
90min| 0 | 10 | 20 | 35 | 60 | 95 | 195 | 315
g | mitial | 15125 |45 |65 | 100] 170 | 265 | 395
90min| 10 | 20 | 35 | 45 | 70 | 105 | 200 | 320
5y [nitial | 15[ 25 [ 40 [ 65 [ 105 | 160 [ 300 | 455
90min| 10 | 15 | 30 | 45 | 75 | 115 | 205 | 325
Initial | 15 | 25 | 40 | 65 | 105 | 155 | 285 | 430

Shear | B2 -
90min| 10 | 15 | 30 | 45 | 75 | 120 | 215 | 345
S(t]rfas)s g [dnitial | 20 [35 [ 755 | 80 125 [ 160 [ 310 | 465
90min| 15 | 25 | 45 | 55 | 90 | 140 | 255 | 420
g [Initial| 1025 |45 [ 70 [110 [ 175 [ 315 [ 475
90min| 5 | 20 | 40 | 55 | 95 | 145 | 270 | 420
oy Initial | 5|15 |35 |55 [ o0 | 140 | 265 | 415
90min| 5 | 15 | 35 | 50 | 85 | 135 | 265 | 420
Tnitial | 5 | 25 | 45 | 70 | 110 | 155 | 325 | 475
2 Toomin| 10 | 25 | 45 | 60 | 95 | 145 | 305 | 465
Tnitial | 5 | 25 | 45 | 70 | 110 | 155 | 305 | 475
3 Toomin| 15 | 30 | 50 | 75 | 115 | 170 | 310 | 460
Tnitial | 10 | 25 | 50 | 75 | 115 | 175 | 320 | 490
4 Toomin| 25 | 35 | 55 | 80 | 120 | 170 | 310 | 465
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Fig. 9. Consistency curve of cement paste with PCE(Fixed unit-water)
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Fig. 10. Consistency curve of cement paste with PCE(Fixed slump flow)
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