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Abstract— Rheology helps to define the fresh 

concrete properties as required by specific 

applications and the concrete design can be 

prepared as required. This research includes 

study of rheological parameters of high strength 

recycled concrete mixes of grade M50 and 

M60.The concrete mix is made by replacing 

certain percentages of natural coarse aggregates 

(NCA) with recycled coarse aggregates (RCA). 

Four concrete mixes were studied by varying 

proportions of RCA as 0%, 20%, 40%, and 60% 

each of grade M50 and grade M60. The empirical 

tests like ‘slump cone test’ performed on concrete 

mixes to determine the workability mostly gives 

only one-point results; often these tests are 

operator sensitive that is why a more quantitative 

estimate can be derived from fundamental 

physical quantities such as plastic viscosity and 

yield stress. The rheological parameters give a 

more accurate and independent values which 

defines workability according to the functions 

where it is to be used. Various workability test 

like Slump Cone test, Flow Table test, Vee Bee 

test and Compaction Factor test are carried on 

concrete mixes with above mentioned 

proportions of varying RCA and the results of 

tests are simulated to form equations of 

rheological parameters. The analysis and 

correlation of the four test is done with the 

Multiple Linear Regression (MLR). The 

equations relating the yield stress and plastic 

viscosity of concrete with empirical test were 

obtained for the literature and the graph 

obtained by these equations are plotted against 

the rheological parameters and the trendline 

showing its deviation is obtained. The percentage 

changes in the values obtained from the 

equations and the experimental results is also 

presented. 

Keywords— Rheology, Recycled Coarse 

Aggregate (RCA), Bingham Fluid, Yield Stress, 
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1. INTRODUCTION 

  Rheology of concrete defines flow and 

deformation of material; also, it states relation 

between stress-strain, rate of strain and time [2]. The 

flow properties of concrete are complex hence 

rheological parameters are used to define the flow 

properties of concrete to easily relatable 

fundamental parameters like yield shear stress and 

plastic viscosity. Also, the properties of hardened 

concrete depend on the fresh concrete properties like 

density, compatibility which directly is related to the 

compressive strength. Rheological properties of 

concrete are the more accurate measure of 

workability of concrete. Workability of concrete 

states with how much ease the concrete can be 

carried, placed, consolidated and finished. 

Workability differs from person to person as on the 

functions for which the concrete is to be used. It 

doesn’t give measurable fundamental quantities 

which will be used to quantitatively as well as 

qualitatively to classify the fresh concrete. Also test 

used to carry out workability cannot be trusted fully; 

because results differ from person to person carrying 

out the test. 

 

1.1 RHEOLOGY 

The study of flow properties of materials, 

their deformations relationship between stress, rate 

of stress, strain and time is called rheology. 

Rheological parameters are used to classify various 

materials into different fluid models; as Newtonian 

fluid or non-Newtonian. The classification of fluids 

makes it easier to study different aspects of a given 

material. Study of fresh concrete is as important as 

study of hardened concrete; for hardened concrete 

properties are greatly influenced by its fresh state. 

The workability test is not sufficient and cannot be 

fully reliable to state the fresh concrete properties 

completely. Concrete rheology is a vast subject as 

concrete itself has numerous types and 

modifications that study of its rheology has many 

aspects that has to be considered. 

1.2 CONCRETE AS A BINGHAM FLUID 

Concrete when poured can stand into a 

heap; it requires some minimum force for it to flow. 
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This minimum force is nothing but the yield shear 

stress which initiates the flow of concrete. Also, 

while flowing there is resistance to the flow offered 

by the constituents like coarse aggregates and 

cement paste; this is called the plastic viscosity. 

Tattersall and Banfill (1983) carried out systematic 

investigations in the rheology of concrete. They 

found that there was a linear relationship between 

torque and the rotation speed of the viscometer after 

a certain torque had been exceeded. They stated that 

concrete flow could be expressed by the Bingham 

model.[1] The Bingham model therefore suits 

accurately to the fresh concrete and can be 

considered as Bingham fluid. 

 

2. AIM 

To find out the correlation between 

empirical test like Slump cone, Flow Table, Vee Bee 

and Compaction Factor; verify the equations used in 

a research paper and showing the variation in the 

trendline obtained by plotting graphs and comment 

on the rheological parameters of Recycled Coarse 

Aggregate (RCA) concrete of Grade M50 and M60 

obtained by replacing natural coarse aggregate with 

RCA in the percentage amount of 0%, 20%, 40% 

and 60%.   

3. OBJECTIVES 

 To find the equation relating the empirical tests 

i.e. Slump cone, Vee Bee, Flow Percent and 

Compaction Factor using Multiple Linear 

Regression (MLR). 

 To calculate the Yield Stress and Plastic 

Viscosity from the equations available in the 

literature and find out the relation between 

them. 

 To find out the percent change in the 

experimentally calculated values and the 

theoretical values of Flow percent. 

 

4. METHODOLOGY 

4.1 Extraction of Recycled Coarse Aggregate 

(RCA) 

The Recycled Coarse Aggregates (RCA) were 

obtained from the waste concrete cubes which were 

tested and discarded. The cubes were first crushed 

and broken into pieces separating the aggregates and 

mortar. Then the crushed aggregates and mortar 

were sieved to get the aggregates of passing 10mm 

and 20mm as required for the study. The aggregates 

were passed from 20mm and retaining on 10mm; 

also, they were passed from 10 mm and retained on 

4.75mm. The RCAs absorb water due to the mortar 

stuck on their faces and results in high water 

absorption and thus reducing the workability of the 

concrete mix. 

 

4.2 Material Properties 

Table 1. Material Properties 

Name Properties 

Cement OPC 53 Grade 

Superplasticizer PC base 

Natural Coarse 

Aggregates (NCA) 

20mm and 10 mm 

passing 

Recycled Coarse 

Aggregates (RCA) 

20mm and 10mm 

passing 

Fine Aggregates 
4.75 mm passing 

machine crushed 

 

 

 
 

Fig. 1. Extraction of RCA from waste cubes 

4.3 Mixing of concrete 

To get the concrete mix of desired workability and 

homogeneity the concrete was mixed using a 

concrete mixer. For the mixing of concrete, the 

process described in the reference books was 

adopted. All the concrete mixes were mixed using 

the same process. The process has the following 

steps: 
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 Firstly, all the raw materials were weighted and 

was put in a separate pan according to the mix 

design obtained. 

 The quantity of water required that was required 

was measured and was put in a container; from 

the measured quantity of water 500 ml of water 

was separated and in that was mixed the 

required amount of superplasticiser. 

 Then in the mixer was poured remaining 

quantity of water and then cement was put 

inside the mixer; it was allowed to rotate for 2 

minutes. 

 Then to the cement paste was added the fine 

aggregates and it was allowed to mix for another 

two minutes. 

 Then the superplasticiser solution was added to 

the mixer and was churned for 2 minutes more. 

 Then finally the coarse aggregates were added 

to the drum and it was rotated till the mix was 

finely mixed 

This procedure is the standard process to mix the 

concrete and must be followed for mixing the 

concrete always. After the concrete been mixed it 

was taken out to perform the respective tests. 

4.4 Tests performed on fresh concrete 

The word ―workability or workable concrete 

signifies much wider and deeper meaning than the 

other terminology ―consistency often used loosely 

for workability. Consistency is a general term to 

indicate the degree of fluidity or the degree of 

mobility.  

The following tests are commonly employed to 

measure workability.  

i. Slump Cone  

ii. Flow table  

iii. Compaction factor 

iv. Vee-bee time 

5. Results and Discussion 

5.1 Slump Cone test 

The slump values were recorded for M50 and M60 

grade concrete with varying percentages of RCA 

experimentally and the results are recorded in the 

table below: 

 

Table 2. Results of Slump Cone Test 

Percentages 

of RCA 
M50 M60 

0% 180 mm 190 mm 

20% 140 mm 160 mm 

40% 120 mm 120 mm 

60% 100 mm 70 mm 

 

 Observations 

1. The slump test was carried for various 8 mix 

proportions; 4 mix for M50 grade with replacement 

of NA in percentages as 0%, 20%, 40% and 60% and 

similarly for M60 grade. 

2. For M50 grade with 0% replacement of NA with 

RCA the concrete mix was highly workable; 

segregation and bleeding of mortar and aggregates 

and mortar was seen. 

3. For 20%, 40% and 60 % the value of slump was 

quite close for which it was designed assuring good 

workability with no bleeding. 

4.  Same observations were found for M60 grade 

concrete; therefore, it can be summarised that as the 

percentage of RCA increase the is reduction in 

slump value i.e. concrete becomes less workable 

which also means that there is significant amount of 

water absorption by RCAs which reduces the 

workability of concrete.      

5.2 Compaction Factor Test 

The experimental results noted after performing the 

Compaction Factor test are as follows: 

Table 3. Results of Compaction Test 

Percentages of 

RCA 
M50 M60 

0% 0.919 0.832 

20% 0.839 0.858 

40% 0.828 0.861 
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60% 0.928 0.901 

 

5.3 Vee-Bee Consistometer Test 

Table 4. Results of Vee-Bee Test 

Percentages 

of RCA 
M50 M60 

0% 2.58 secs 6.38 secs 

20% 3.58 secs 6.78 secs 

40% 4.51 secs 6.98 secs 

60% 4.58 secs 7.02 ecs 

 

5.4 Flow Table Test 

Table 5. Results of Flow Table Test 

Percentages of 

RCA 
M50 M60 

0% 120 123.34 

20% 80.64 54 

40% 48 27.32 

60% 54 17.32 

 

5.5 Theoretical Values calculated from the 

Literature    

After the extensive literature study, the paper named 

“Correlating slump, slump flow, vebe and flow tests 

to rheological parameters of high-performance 

concrete” was considered as a base to calculate and 

simulate various rheological parameters with the 

empirical test. In this paper they have developed a 

correlation between slump, slump flow, vebe and 

flow table with the yield stress and plastic viscosity. 

Based on these equations we have calculated the 

valuess of yield stress and plastic viscosity. 

The following equations were used: 

  (1) S = 0.21- 2.87 τ₀/ρg 

where, ρ = density of concrete in kg/m^3 

             τ₀ = yield stress in Pa 

S = slump value in meter 

             g = gravitational acceleration in  

      m/s^2 

(2) S = -0.048µ^2 + 6.63µ -46.1 

Where, µ= plastic viscosity in Pa. s  

      S = slump value in mm 

(3) Sf = 655 -0.238τ₀ 

(4) Sf = -0.085µ^2 + 12.11µ + 161 

where, Sf is slump flow 

(5) F= 104.73 - 0.114τ₀  

 where, F= percent flow 

            τ₀ = yield stress 

(6)  F = 109.58 – 1.41µ 

    where, µ= plastic viscosity 

 

5.5.1 Relation between Slump and Yield 

Stress 

 

Fig. 2. Graph for Slump and Yield Stress for M50 
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Fig. 3. Graph for Slump and Yield Stress for M60 

5.5.2 Relation between Plastic Viscosity and 

Slump 

 

Fig. 4. Graph for Slump and Plastic Viscosity for 

M50 

 

Fig. 5. Graph for Slump and Plastic Viscosity for 

M60 

5.5.3 Relation between Slump Flow and Yield 

Stress 

 

Fig. 6. Graph for Slump Flow and Yield stress for 

M50 

 

Fig. 7. Graph for Slump Flow and Yield stress for 

M60 

5.5.4 Relation between Slump Flow and Plastic 

Viscosity 

Fig. 8. Graph for Slump Flow and Plastic Viscosity 

for M50 
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Fig. 9. Graph for Slump Flow and Plastic Viscosity 

for M60 

5.5.5 Relation between Flow Percent and Plastic 

Viscosity 

Fig. 9. Graph for Flow Percent and Plastic Viscosity 

for M50 

 

Fig. 10. Graph for Flow Percent and Plastic 

Viscosity for M60 

 

 

 

 

 

 

5.5.6 Relation between Slump Time and Plastic 

Viscosity 

 

Fig. 11. Graph for Slump Time and Plastic 

Viscosity for M50 

 

Fig. 11. Graph for Slump Time and Plastic 

Viscosity for M60 

5.5.7 Relation between Flow Percent and Yield 

Stress 

 

Fig. 12. Graph for Flow Percent and Yield Stress 

for M50 
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Fig. 13. Graph for Flow Percent and Yield Stress 

for M60 

 

 

 

 

 

 

 

5.6 Percentage change between experimental and analytical values of Flow Table Test 

 

Grade 
Percentage of 

RCA 

Experimental 

results 

Analytical 

results 
Percent change 

M50 0% 120 74 38.33333333 

 20% 80.64 34 57.83730159 

 40% 48 14 70.83333333 

 60% 54 -6 111.1111111 

M60 0% 123.34 84.249 31.69369223 

 20% 54 53.527 0.875925926 

 40% 27.32 12.566 54.00439239 

 60% 17.32 -38.635 323.0658199 

 

5.7 Experimental results of tests performed 

 

  Slump 

value(mm) 

Compaction 

Factor 

Vee-Bee 

consistometer 

(secs) 

Flow 

Percent 

M50 0% 180 0.919 2.58 120 

 20% 140 0.839 3.58 80.64 

 40% 120 0.828 4.51 48 

 60% 100 0.928 4.58 54 

M60 0% 190 0.832 6.38 123.34 
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 20% 160 0.858 6.78 54 

 40% 120 0.861 6.98 27.32 

 60% 70 0.901 7.02 17.32 

 

Thus, the relation corelating the different experimental values of different test as obtained from Multiple Linear 

Regression is as follows 

S = 217.161-196.809Cf + 4.596Vb + 0.988Fp 

6. CONCLUSION 

 The minimum yield stress of recycled coarse 

aggregate concrete mix of M50 was 265.69 Pa 

and forM60 grade it was 179 Pa. 

 The minimum plastic viscosity for M50 

concrete was 27.58 Pa. s and that for M60 grade 

it was 20.576 Pa.s. 

 The plastic viscosity range was between 20-110 

Pa. s for M50 grade concrete and 20-120 Pa.s. 

 Workability test and their simulations with 

rheological parameters were derived from 

previous literature and the various values for 

slump, slump flow, vebe time and were worked 

accordingly. 

 It can be seen from the graphs plotted that as the 

slump value increases the yield stress 

decreases’ 

 There is inverse relation between slump and 

yield stress. There was increase in yield stress 

as the percentage of RCA increased. The total 

percentage increase in yield stress was 266.67% 

when compared with conventional concrete for 

M50 grade and a percent increase of 600 was 

found in concrete of M60 grade with 60% of 

RCA. 

 The plastic viscosity increases when slump 

value decreases. The percent increase in plastic 

viscosity was 44% compared with conventional 

concrete for M50 grade. 

 The plastic viscosity increased by70% as 

compared with the conventional concrete for 

M60 grade. 

 As the percentage of RCA increased the Slump 

flow value decreased. It decreased by 28.49% 

for M50 grade and by 41.9% for M60 grade 

when compared to Yield stress. 

 The Slump Flow value decreased by 21.9% for 

M50 grade concrete and by 68.19% for M60 

grade concrete when plotted against Plastic 

viscosity. 

 The Flow percent decreased as the percentage 

of RCA increased. There was decrease of 108% 

in the percent low for M50 grade and a decrease 

of 145% for M60 grade when compared with 

conventional concrete. 

The Slump time was decreased by 13.55% for M50 

grade and by 80.4% for M60 grade 

7. REFERENCES 

[1] C. Ferraris, “Concrete Rheology: What is 

it and why do we need it?,” no. 1, pp. 229–236, 

2005, doi: 10.1617/2912143624.023. 

[2] P. F. G. Banfill, “Rheology of Fresh 

Cement and Concrete,” Rheol. Fresh Cem. Concr., 

vol. 2006, pp. 61–130, 1991, doi: 

10.4324/9780203473290. 

[3] J. Hu, “A study of effects of aggregate on 

concrete rheology,” vol. Ph.D., p. 193, 2005. 

[4] D. W. Fowler, “Determination of aggregate 

shape properties using x-ray tomographic methods 

and the effect of shape on concrete rheology,” 

Aggregates Found. Technol. Res. Educ., p. 323, 

2005, doi: 10.15781/T2SG01. 

[5] Z. Toutou and N. Roussel, “Multi scale 

experimental study of concrete rheology: From 

water scale to gravel scale,” Mater. Struct. Constr., 

vol. 39, no. 2, pp. 189–199, 2006, doi: 

10.1617/s11527-005-9047-y. 

http://jespublication.com/


Vol 11, Issue 11,NOV / 2020  

ISSN NO: 0377-9254                                  

  

 

 

www.jespublication.com Page No:9 

   

 
 

 
 

[6] C. F. Ferraris and N. S. Martys, “Relating 

fresh concrete viscosity measurements from 

different rheometers,” J. Res. Natl. Inst. Stand. 

Technol., vol. 108, no. 3, pp. 229–234, 2003, doi: 

10.6028/jres.108.021. 

7] C. Ferraris et al., “Role of Rheology in 

Achieving Successful Concrete Performance,” 

Concr. Int., vol. 39, no. 6, pp. 43–51, 2017. 

[8] A. Gram and B. Lagerblad, “Obtaining 

rheological parameters from slump flow test for self-

compacting concrete,” Sustain. Constr. Mater. 

Technol., vol. 2013-Augus, 2013. 

[9] A. I. Laskar, “Correlating slump, slump 

flow, vebe and flow tests to rheological parameters 

of high-performance concrete,” Mater. Res., vol. 12, 

no. 1, pp. 75–81, 2009, doi: 10.1590/S1516-

14392009000100009 

10] A. D. Prasad and D. Ph, “An Experimental 

Study On Mechanical Properties & Development Of 

M50 Grade Self Compacting Concrete (SCC) & 

Comparison With M50 Conventional Concrete,” Int. 

J. Latest Trends Eng. Technol., vol. 7, no. 1, pp. 66–

79, 2016, doi: 10.21172/1.71.050. 

[11] N. . Chidiac, S.E.; Maadani, O.; Razaqpur, 

A.G.; Mailvaganam, “Correlation of rheological 

properties to durability and strength of hardened 

concrete Chidiac,” J. Mater. Civ. Eng. v. 15, no. 4, 

July/August 2003, pp. 391-399, vol. 1, no., pp. 1–

476, 2019, doi: 10.1017/CBO9781107415324.004 

 

http://jespublication.com/

