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Strength vs Viscosity 

A new approach to quality control 

By Denis Beaupré, Christopher Stanley and Mohamed Shehadeh 

 

Introduction 

Before admixtures were used, slump has been a way to get an indication of expected strength for 

given cement content in the mixtures. Probably not so many people can recall this time. Now, with 

the wide use of admixtures, the slump cannot be used to detect potential reduction in strength 

because the slump is not anymore only a matter of water and cement content or water-cement 

ratio.  

Although the relation between strength and water content is not new and although the relation 

between these parameters and viscosity are more and more understood, there was no attempt from 

the authors to relate the viscosity measured in the drum of the ready-mix (this technique is quite 

new anyway) with the concrete final strength. 

This paper presents the initial work on the use of viscosity for quality control of concrete, especially 

for the early detection of potential low strength due to change in expected viscosity. It demonstrates 

the relationship between the viscosity and the compressive strength of concrete and that the 

concrete industry has now access to a new way to assess the performance of delivered concrete 

Background 

The effect of water addition on the final concrete strength is well known in the industry and can be 

summarised by Figure 1a where the strength is reduced by water addition: for a given amount of 

added water, the reduction is more pronounced in terms of MPa/kg of added water for the high 

strength concrete than for the lower grades. The effect of water addition on slump is also well 

known in the industry and is shown in Figure 1b. Although addition of admixture can also change the 

slump, in the past, water addition was the only way to increase slump and because of the 

relationships in Figures 1a and 1b, the strength was dependant on the slump as shown in Figure 1c 

and higher slump resulted in lower strength when no admixture was used.   

   

 

(a) (b) (c)  
Figure 1: Effect of water addition on a) compressive strength, b) slump and c) Strength vs Slump.  
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Fresh concrete rheological properties are more and more known and are usually expressed, by a 

yield stress and a plastic viscosity. There are many arguments regarding the very definition of these 

terms and even more about their units. It is safe to assume for the purpose of this work that every 

apparatus designed to measure these properties have its own set of units. Until now, use of 

rheology is done on a comparative point by using the same apparatus for all measurements. As a 

matter of fact, many years ago two international attempts to find out if there are express 

relationships between the results of various existing rheometers were not able to draw strict 

conclusion: So far, this is still considered to be difficult to do.  

Without giving any numbers or units, the general trend is that both the yield stress and viscosity are 

affected in the same direction by water addition: adding water reduces the yield stress and the 

viscosity as shown in Figure 2. Adding superplasticizer to an already mixed concrete mainly reduces 

the yield stress without affecting too much the viscosity. 

 

Figure 2: Effect of Water addition on Yield stress and Viscosity 

Therefore, if one measures the effect of water addition on strength and viscosity, because they have 

the same basic relationship (Figures 3a and 3b) it should be possible to predict the final strength of a 

mixture by measuring its viscosity while in fresh state. As shown in Figure 3c there is an expected 

directly proportional relationship, between the viscosity and the strength for a given composition.  

The exact shape of the relationship in not known but both should be more pronounced for concrete 

with higher strength and viscosity. 

   
(a) (b) (c) 

Figure 3: Effect of water addition on a) compressive strength, b) viscosity and c) strength vs viscosity.  
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The use of viscosity measurement as an early warning for low strength concrete is a potential 

powerful tools. It is thus expected that, for a given mixture composition, any drop in viscosity from 

the usual value, would indicate a potential drop in strength.  

Using conventional rheometer to measure rheological properties of concrete (yield stress and 

viscosity) needs sampling. This is not a practical way for day to day operation. IBB Rheology has 

developed over the last 4 years in close collaboration with Unibeton Ready-mix a workability probe 

mounted into the drum of the ready-mix. This probe, shown in Figure 5, can determine, among 

other parameters, the workability (slump, spread or slump flow) and the rheological properties of 

concrete. The other properties measured by the probe are the temperature, volume of concrete, 

drum speed, and number of turns. 

 

Figure 5: IBB Probe inside the drum 

To determine the slump, the probe measures the normal pressure applied on the probe body by the 

concrete as the drum rotates at low speed (between 0.5 and 3 rpm). The workability (slump, spread 

or Slump flow) is then determined from a calibration that looks like graph in Figure 6. In figure 6, the 

red markers represent the calibration relationship used by Unibeton for all mixture below 75 MPa. 

 

 

Figure 6: Typical calibration for concrete 
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IBB and Unibeton have observed that for higher viscosity concrete: usually high strength concrete or 

concrete containing Ground Granulated Blast Slag (GGBS) may need a different Slump-Pressure 

calibration. Results obtained on high strength (75 MPa) concrete will be presented later.  

To determine viscosity, one must take several readings of Pressure at different Drum speeds and 

plot the readings to get a ‘’flow curve’’ as shown in Figure 7. Using a linear regression curve for the 

data, one can get the yield stress which is the intercept of the flow curve (in this case 3.35 KPa) and 

the viscosity which is represented by the slope of the flow curve (1.19 KPa/rpm). 

 

Figure 7: Flow curve of 75 MPa concrete after at 30 minutes of age 

 

Calibration for 75 MPa concrete 

One  objective covered in this paper is to verify if high strength concrete needs a different Slump-

Pressure calibration than the one presented in Figure 6 as ‘’New UB’’ which gives a good estimation 

of slump for most mixtures.  

Several batches of 75 MPa concrete were loaded in different trucks. The normal pressure on the 

probe at drum speed of 1.5 rpm was measured at several time intervals: the pressure increases with 

time because of slump losses. These results, presented in Figure 8, clearly show that the more 

viscous 75MPa concrete has a behavior obviously different than most other concrete mixes. For this 

reason, another relationship, referred to as ‘’UB 75 MPa’’ has been defined by the purple square 

markers on Figure 8 instead of the red markers which correspond to the relationship ‘’New UB’’ 

normally used to estimate the slump (from pressure) for less viscous concrete. 
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Figure 8: Relation between pressure and slump for mixture of 75 MPa concrete 

 

Strength vs Viscosity 

To check the effect of water addition on viscosity and thus the possibility of using viscosity to detect 

lower strength concrete, one of Unibeton ready-mix truck was loaded with 3 m3 of 75 MPa concrete. 

The concrete was left waiting for more than three hours for the slump to drop from 23 cm to 16 cm. 

Then, after 200 minutes, 25 liters of water per m3 were added to the truck to bring back the slump 

close to its original value. Six samples were taken before and after the addition of water to measure 

the compressive strength. 

Figure 9 shows the ‘’data log’’ of this test, where the slump is shown in centimeters. The increase in 

slump after water addition is clearly visible at 200 minutes of time. One can see that the probe gave 

 

Figure 9:  Log of 75 MPa trials done in April 18th 2014 in truck 98. 
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a very good estimation of the slump. The IBB Manager program, a feature allowing to recover 

automatically all data from the probe, (called ‘’log’’) was used to store the log into Unibeton’s IBB 

Manager Database.   

Six cubes to measure compressive strength were cast before and after that addition of water. Table 

1 shows the compressive strength after 2, 7 and 28 days of water cure in the laboratory at 23°C. The 

addition of 25 kg/m³ of water causes a drop of strength from 80 MPa to 65 MPa. For a concrete with 

nominal specified strength of 75 MPa, such a drop is considered as a failure, not to say a disaster. 

Table 1: Compressive strength results for 75 MPa concrete before and after water addition  

Age 
(days) 

Before addition of water After addition of water 

Cube 1 
(MPa) 

Cube 2 
(MPa) 

Average 
(MPa) 

Cube 1 
(MPa) 

Cube 2 
(MPa) 

Average 
(MPa) 

3 58.5 57.0 57.8 48.5 50.0 49.2 

7 67.5 64.5 66.0 56.0 55.0 55.5 

28 81.0 79 80 66.0 64.0 65.0 

 

During the trial, various readings of speed and pressure measured by the probe were recorded to 

determine yield stress and viscosity. From these data, flow curves similar to Figure 7 were made and 

are shown in Figure 10 which clearly shows that when the concrete is left to age, only the yield 

stress increase significantly. When water is added, the concrete can be brought back close to its 

original value but the viscosity is also reduced significantly: from average 1.25 before water addition 

to 0.3 after water addition.  It is clear that viscosity can be used as a way to detect water addition to 

normally viscous mixtures.  

 

 

Figure 10: Effect of aging and water addition on rheological properties 



   

7 
 

 

Conclusion 

It is clear that viscosity can be used as a possible way to detect water addition to normally viscous 

mixtures. In the test presented in this paper, water was only added to ‘’retemper’’ the concrete 

which is to add enough water to bring back the concrete to its original slump. Consequently, this has 

caused a large drop in strength (19%).  

Because the water addition causes proportional viscosity and strength reduction and because only 

viscosity can be measured in the fresh state, it would be logical and efficient to set minimal viscosity 

in order to allow addition of water: if the water brings down the concrete viscosity under a certain 

threshold value for a given mixture, then it would be likely to cause too much of a reduction in 

compressive strength. This study clearly demonstrated the relationship between the viscosity and 

the compressive strength of concrete. Based on this study, the concrete industry has now access to a 

new way to assess the performance of delivered concrete and should now start using rheological 

properties as a performance specification. This criteria (rheology) should consist in setting 

workability limits in terms of min/max of yield stress and viscosity. By specifying the slump, the 

industry is only controlling indirectly the yield stress of concrete. 
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