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HVFA Concrete without HVFA Concrete without SuperplasticizerSuperplasticizer
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AutogenousAutogenousTemperature RiseTemperature Rise
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Compressive Strength of HVFACCompressive Strength of HVFAC
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Flexural and SplittingFlexural and Splitting--Tensile StrengthsTensile Strengths
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Resistance to Chloride Ion Resistance to Chloride Ion 
Penetration (AASHTO T 259)Penetration (AASHTO T 259)
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SulphateSulphateAttack HVFACAttack HVFAC
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The Treat Island Marine The Treat Island Marine 
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Alkali Aggregate Reactions HVFACAlkali Aggregate Reactions HVFAC
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Evaluation of Indian Fly Ashes for 
use in High-Volume Fly Ash 

Concrete System Developed at 
CANMET
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Materials Received from IndiaMaterials Received from India

· 19 Fly Ash Samples
· 2 Portland Cement Samples
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Objectives of the StudyObjectives of the Study

· Preliminary evaluation of selected 
Indian fly ashes for potential use in 
high-volume fly ash concrete system

· Determine the difference in 
performance in the HVFA concrete 
system for fly ashes collected from 
different fields in the thermal power 
stations
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FA Collected FA Collected -- Andhra Andhra PradeshPradesh

· Maddanur Thermal Power Station (MTPS)
� Fields II and III

· Vijayawada Thermal Power Station (VTPS)
� Fields II and III

· Kothagudem Thermal Power Station (KTPS)
� Fields II, III & IV

· Nava Bharath Ferro Alloys Corp. (NBFC)
� Mixed (Fields II to V)
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FA Collected FA Collected 
Tamil Tamil NaduNadu, Karnataka, Karnataka

· Mettur Thermal Power Station (MTPS), Tamil Nadu
� Fields I, II ,III, and Mixed  (Fields I &II)

· North Chennai Thermal Power Station (NCHTPS), 
Tamil Nadu

� Fields I, II, III, IV, VI, and Mixed  (Fields I&II)

· Raichur Thermal Power Station (RTPS), Karnataka
� Mixed (Fields III&IV)
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Chemical Compositions of the Chemical Compositions of the 
Cements from IndiaCements from India

  53 Gr  43 Gr   

SiO2  20.1  19.8   

Al 2O3  4.62  5.57   

Fe2O3  3.50  3.89   

Mgo  2.94  0.85   

CaO  63.4  63.2   

TiO2  0.29  0.28   

LOI  2.14  1.54   

Na2Oeq  0.65  0.63   
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Physical Properties of the CementsPhysical Properties of the Cements
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Chemical Compositions of an Indian and Chemical Compositions of an Indian and 
Canadian Fly AshCanadian Fly Ash

  MTPS II  
(AP) 

 Sundance   

SiO2  63.1  52.4   

Al 2O3  28.1  23.4   

Fe2O3  4.41  4.7   
Mgo  0.59  1.3   
CaO  0.98  13.4   

TiO2  1.73  0.8   
LOI  0.50  0.3   
Na2Oeq  0.95  3.99   
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Physical Properties of the Fly AshesPhysical Properties of the Fly Ashes
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Physical Properties of the Fly AshesPhysical Properties of the Fly Ashes
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General Mixture ProportionsGeneral Mixture Proportions

CSA Type 10 Cement 200 kg/m3 

Fly Ash (India) 200 kg/m3 

Water 125 - 144 kg/m3 

Coarse aggregate 1125 kg/m3 

Fine aggregate 750 kg/m3 

Water reducer 1.1 L/m3 

Superplasticizer 0.7 – 7.9 L/m3 
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Sundance &
Control (CA)

Cement

MTPS (AP) II &
Indian
Cement

W/CM 0.32 0.32

Water, kg/m3 130 128

Cement, kg/m3 200 198

Fly Ash, kg/m3 200 198

WR, L/m 3 1.1 1.1

SP, L/m3 1.4 0.7

Mixture Proportions of Concretes made with Canadian Fly Ash / Mixture Proportions of Concretes made with Canadian Fly Ash / 
Cement and Indian Fly Ash /CementCement and Indian Fly Ash /Cement
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Properties of Fresh Concretes with Properties of Fresh Concretes with 
Fly Ashes from Andhra PradeshFly Ashes from Andhra Pradesh

MTPS VTPS KTPS NBFC

II III II III II III IV mixed

W/CM 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.37

Dens.
Kg/m3

2405 2420 2405 2420 2430 2420 2430 2420

Slump
mm

80 100 90 110 100 100 110 60
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Compressive Strengths of  Concretes with Fly Compressive Strengths of  Concretes with Fly 
Ashes from Andhra Ashes from Andhra PradeshPradesh

 MTPS VTPS KTPS NBFC 

 II III II  III II III IV mixed  

W/CM  0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.37 

1-d 
MPa 

19.2 18.2 18.3 21.8 19.4 19.2 19.3 19.2 

7-d 
MPa 

35.1 34.5 33.0 37.5 35.8 34.6 36.0 51.2 

28-d 
MPa 

51.0 52.5 50.1 55.9 51.7 50.6 53.7 62.0 

91-d 
MPa 

63.5 64.0 62.9 65.9 62.7 61.1 63.5 68.5 
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Compressive Strengths of  Concretes with Compressive Strengths of  Concretes with 
Fly Ashes from Tamil Fly Ashes from Tamil Nadu Nadu and and 

KarnatakaKarnataka
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ChlorideChloride--Ion Penetration of  Concretes with Fly Ion Penetration of  Concretes with Fly 
Ashes from Andhra Ashes from Andhra PradeshPradesh

 MTPS VTPS KTPS NBFC 

 II III II  III II III IV mixed  

W/CM  0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.37 

28-d 
Coulombs 

950 811 856 724 846 808 685 592 

91-d 
Coulombs 

356 305 362 291 350 317 253 290 
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Compressive Strength Development of Compressive Strength Development of 
Andhra Andhra PradeshPradeshFly Ash ConcretesFly Ash Concretes
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ChlorideChloride--Ion Penetration Results of Concretes made with Ion Penetration Results of Concretes made with 
Fly Ashes from Andhra Fly Ashes from Andhra PradeshPradesh
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Test results on Concrete made with Test results on Concrete made with 
Canadian and Indian MaterialsCanadian and Indian Materials
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ConclusionsConclusions

· Concretes made with reference 
Canadian cement and Indian fly ashes 
gave excellent strength development.

· Except for the lower one-day strength, 
the concrete made with Indian 
materials developed high strengths. 
The compatibility of this cement with 
admixtures needs more work.
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ConclusionsConclusions
· The workability of the concrete made with the 

Indian materials was excellent.

· Most fly ashes were easier to work with and 
required lower dosages of superplasticizers to 
obtain the required workability; Some were 
found to have high water demand. Admixture 
compatibility for these fly ashes needs 
investigation.

· High early - age strength of 15 to 20 MPa was 
obtained at one day using the HVFAC system 
with several of the FA tested.
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ConclusionsConclusions

· 91-day compressive strengths of about 60-65 MPa  
were obtained using the HVFAC system with 
most of the FA tested.

· Most of the concretes showed very low or 
negligible chloride-ion penetration at 91 days.

· Within fly ashes from one source, a slight trend of 
increasing compressive strength with fly ashes 
collected from the furthest fields was observed.


