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Mix Design of Self-compacting Concrete Considering the Effect of

Limestone Powder on Rheology
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Abstract: Based on the rheological threshold theory of paste, the rheology of paste was determined by paste test with
limestone powder(LP) as powder and the packing density of mortar was calculated by the basic water-powder ratio
of manufactured sand mortar with different fly ash(FA) contents. Through the mixing test of manufactured sand
self-compacting concrete, the effects of LP on the rheological parameters, rheological threshold and self-compacting
zone were studied. The results show that with the same water-powder ratio, the yield strength and plastic viscosity
of the paste mixed with LP are significantly higher than those without LP. Comparing to the self-compacting zone
without LP, the self-compacting zone using the rheological threshold modified by packing density moves towards
the direction of higher water-powder ratio. This reveals that the self-compacting zone is consistent with that of
concrete mixed by manufactured sand if considering the effect of LP on the rheological property of paste.
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Table 1 Mix proportion and test results of cement paste with or without LP

Cement paste Cement paste with LP
Mix proportion/(kg-m ) Mix proportion/(kg+m )
Mix No. S/mm  1,,/s Mix No. S/mm /s
C w SP C LP w SP

1.05-0.50% 1540.40  506.00 7.70 240 3.75 | 1.10-0.50% 1336.70 302.90  460.30 6.68 205 4.24
1.05-0.60% 1540.40  504. 80 9.24 267 2.81 1.10-0.60% 1336.70 302.90 459.20 8.01 269 3.10
1.05-0.70% 1540.40 503.60 10.78 302 2.37 | 1.10-0.70% 1336.70  302.90 458.20 9.35 283 2.90
1.15-0.50% 1468.80  529.00 7.34 270 2.86 || 1.20-0.50% 1275.90 302.90 479.70 6.38 260 2.88
1.15-0.60% 1468.80  527.80 8.81 280 2.35 | 1.20-0.60% 1275.90 302.90 478.70 7.65 274 2.15
1.15-0.70% 1468.80 526.60 10.28 320 1.52 | 1.20-0.70% 1275.90 302.90 477.70  8.93 305 1.22
1.25-0.50% 1403.50  549.90 7.02 305 1.99 | 1.30-0.50% 1220.40 302.90 497.50 6.11 275 2.06
1.25-0.60% 1403.50  548.80 8.42 312 1.27 | 1.30-0.60% 1220.40 302.90 496.60 7.32 287 1.74

1.25-0.70% 1403.50 547.70 9.82 335 0.77 | 1.30-0.70% 1220.40 302.90 495.60 8.54 310 0.88

®2 KiE+20% HER(+EH) EREEHRIABER
Table 2 Mix proportions and test results of cement and 20% FA paste with or without LP

Cement and 20% FA paste Cement and 20% FA paste with LP
Mix proportion/(kg-m ) S 1. Mix proportion/(kg-m ) S L
Mix No. / 2o/ Mix No. / 20/
C FA w SP mm S C FA LP w Sp mm S

0.95-0.50% 1295.50 266.70 480.90 7.81 230 3.58]| 1.00-0.50% 1122.80 231.00 302.90 439.00 6.76 215 3.72
.95-0.60% 1295.50 266.70 479.70 9.37 265 3.13| 1.00-0.60% 1122.80 231.00 302.90 437.90 8.12 247 2.84

.95-0.70% 1295.50 266.70 478.40 10.94 308 1.82| 1.00-0.70% 1122.80 231.00 302.90 436.90 9.48 278 1.75

.05-0.50% 1232.30 253.60 506.20 7.43 260 2.79| 1.10-0.50% 1069.30 220.00 302.90 460.40 6.40 248 2.34
.05-0.60% 1232.30 253.60 505.00 8.91 302 1.67| 1.10-0.60% 1069.30 220.00 302.90 459.50 7.69 284 1.71
.05-0.70% 1232.30 253.60 503.90 10.40 315 1.31| 1.10-0.70% 1069.30 220.00 302.90 458.20 8.96 306 1.24

.15-0.50% 1169.50 239.30 530.30 6.09 298 1.43

—_

.20-0.50% 1020.70 210.00 302.90 480.00 6.11 271 1.96
.15-0.60% 1169.50 239.30 531.10 7.31 322 0.98| 1.20-0.60% 1020.70 210.00 302.90 479.00 7.33 290 1.34

.15-0.70% 1169.50 239.30 531.90 8.53 340 0.84 | 1.20-0.70% 1020.70 210.00 302.90 478.00 8.56 312 1.08
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Table 3 Mix proportions and test results of cement and 30% FA paste with or without LP

Cement and 30% FA paste Cement and 30% FA paste with LP
Mix proportion/(kg-m™ ") S/ ../ Mix proportion/(kg-m ) S/ L/
Mix No. o Mix No. 20
C FA W SP mm S C FA LP A SP mm S

.90-0.50% 1163.44 410.52 467.39 7.87 238 3.81

—

.00-0.50% 982.46 330.33 302.89 439.20 6.58 226 3.95

.90-0.60% 1163.44 410.52 466.13 9.44 278 2.67

—

.00-0.60% 982.46 330.33 302.89 438.13 7.89 270 2.72

.90-0.70% 1163.44 410.52 464.87 11.02 302 2.31

—

.00-0.70% 982.46 330.33 302.89 437.08 9.21 285 1.69
.00-0.50% 1105.26 390.00 494.02 7.48 275 2.55| 1.10-0.50% 935.67 317.18 302.89 460.60 6.26 259 2.52

.00-0.60% 1105.26 390.00 492.82 8.97 298 1.81

,_.
—
@
S

.60% 935.67 317.18 302.89 459.59 7.52 297 1.63

.00-0.70% 1105.26 390.00 491.63 10.47 312 1.53

,_.
—
@
S

.70% 935.67 317.18 302.89 458.59 8.77 308 1.08

.10-0.50% 1052.63 371.43 518.11 7.12 282 2.29

—

.20-0.50% 893.15 320.53 302.89 480.06 5.98 282 1.77

.10-0.60% 1052.63 371.43 516.97 8.54 315 1.38

,_
0o
?
S

.60% 893.15 320.53 302.89 479.10 7.17 302 1.12

.10-0.70% 1052.63 371.43 515.83 9.97 330 0.92

,_
0o
?
S

.70% 893.15 320.53 302.89 478.15 8.37 328 0.97
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Table 4 Mix proportions and test results of self-compacting concrete
Cement Cement and 20% FA Cement and 30% FA
Mix No. Ssee/mm /s Mix No. Ssee/mm /s Mix No. Ssee/mm /s
1.10-0.50% 442 38.12 1. 00-0. 50% 465 45.25 1. 00-0. 50% 497 25.73
1.10-0. 60% 595 22.43 1.00-0.60% 550 28.78 1. 00-0. 60% 597 11.26
1.10-0.70% 660 16. 69 1.00-0. 70% 630 10. 22 1.00-0. 70% 670 8. 17
1.20-0.50% 550 21.40 1.10-0.50% 525 29.12 1.10-0.50% 598 15.91
1.20-0.60% 665 9.75 1.10-0.60% 630 8.27 1.10-0.60% 665 7.58
1.20-0.70% 700 10. 46 1.10-0.70% 695 5.57 1.10-0.70% 700 4.35
1. 30-0.50% 650 15.76 1.20-0.50% 605 11.45 1.20-0.50% 690 5.37
1. 30-0. 60% 685 8.12 1.20-0.60% 660 4.79 1.20-0. 60% 698 4.19
1.30-0.70% 730 45.50 1.20-0.70% 725 3.82 1.20-0.70% 718 4.07

RS MEMIEERORES LI

Table 5 Rheological characteristics comparison of pastes with or without LP

Cement paste

Cement and 20% FA paste

Cement and 30% FA paste

) Tpuse/ P2 e/ (Pass) ) T,/ Pal Tpasie/ (Pass) ) T,/ Pa Tpse! (Pss)
Mix No. Mix No. Mix No.
— + — + — + - + — + — +
1.10-0.50% 1.31 3.86 39.2 52.9 | 1.10-0.50% 0.82 1.72 24.6 27.5| 1.10-0.50% 0.82 1.72 24.6 27.5
1.10-0.60% 0.87 1.06 30.7 38.6 | 1.10-0.60% 0.76 0.70 15.5 21.0| 1.10-0.60% 0.76 0.70 15.5 21.0
1.10-0.70%  0.45 0.78 23.2 36.2 | 1.10-0.70% 0.34 0.47 12.6 19.0 1.10-0.70% 0.34 0.47 12.6 19.0
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Table 6 Thresholds of different pastes

Powder type Basic water demand ratio Vy/Ve Tireshont/ P Ditwestond/ (Pass)

1.05 0.93 16.4

Cement 1.49 0.73 1.15 0.92 17.2

1.25 0.91 17.9

0.95 0.98 14.9

Cement and 20% FA 1.41 0.74 1.05 0.97 15.5
1.15 0.96 17.4

0.90 1.01 15.3

Cement and 30% FA 1.38 0.74 1.00 1.00 16.3
1.10 0.99 17.1
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