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Determination of Water-to-Binder Ratios on the Equivalent Compressive
Strength of Concrete with Supplementary Cementitious Materials
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ABSTRACT The present study proposed a k-value to determine the water-to-binder ratio of concrete using fly ash (FA) or ground
granulated blast-furnace slag (GGBS) as a partial replacement of ordinary portland cement (OPC) with regard to an equivalent
strength of OPC concrete. From the regression analysis using an extensive database including 7076 concrete mixes, k-values were
determined for various water-to-binder ratios when the replacement ratio of OPC by the addition of FA or GGBS were below 50%.
For deriving an equation to identify k-value, the relationship of concrete compressive strength and water-to-binder ratio was
generalized by an exponential function. In general, k-values decreased with the increases in the addition of FA or GGBS for
replacement of OPC and water-to-binder ratio. The rate in decreasing k-value against water-to-binder ratio was marginally affected
by the addition of FA or GGBS, although a higher k-value was commonly obtained for GGBS concrete than for FA concrete at the
same water-to-binder ratio. Consequently, the determined k-values were simplified as a function of water-to-binder ratio and the

addition ratio of FA or GGBS as replacement of OPC.
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Table 1 Incidence of various parameter values in 7,076 concrete mixes

Range of f, (MPa)

Type of binder Total

3-20 20-30 | 30-40 | 40-60 | 60-80 | 80-100 | 100-120| 120-140 | 140-170
(I\ga) OPC 239 1,039 714 922 487 224 105 13 1 3,744
OPC+FA 423 1,346 312 227 99 9 - - - 2,416
OPC+GGBS 21 434 189 113 80 45 27 7 916

) Range of W/B (%)

Type of binder Total

0-10 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80 | 80-90
I(/Zf OPC - 20 713 958 971 774 276 30 2 3,744
OPC+FA - 2 153 428 772 766 265 26 4 2,416
OPC+GGBS - 80 75 188 383 179 10 - - 916

Range of Ry (%)

Ry Type of binder Total
%) 2-10 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80 | 80-90
OPC+FA 678 1431 212 65 19 5 6 - - 2,416
) Range of Rs (%)
RG Type of binder Total
%) 3-10 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80 | 80-90
OPC+GGBS 105 212 329 151 76 13 19 9 2 916
* Note: Rr = Replacement ratios of FA
R¢ = Replacement ratios of GGBS
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Table 2 Determination of experimental constants A, and
B, for concrete mixes with FA addition
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Fig. 4 Effect of water-to-binder ratio on compressive strength
of concrete mixes with different GGBS additions

Table 3 Determination of experimental constants 4, and
B, for concrete mixes with GGBS addition

Experimental Range of Rr (%) Experimental Range of Rg (%)
constant 20 30 40 50 constant 20 30 40 50
A, 136 138 140 142 A, 136 138 140 142
B, -3.2 -3.4 -3.6 -3.8 B, -3.1 -3.3 -3.5 -3.7
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Table 4 k-values determined from concrete mixes with
different FA additions

k-value
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0.55 0.222 0.342 0.413 0.463
0.6 0.218 0.337 0.408 0.459
0.65 0.215 0.334 0.404 0.455
0.7 0.213 0.330 0.401 0.451
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Table 5 k-values determined from concrete mixes with
different GGBS additions

k-value
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