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ABSTRACT 

The paper describes the measurement of temperature rise due to heat evolution because of hydration of cement in 

concrete. The semi-adiabatic calorimeter was used to record the temperature rise in various samples of cement paste 

maintaining the water to cement ratio constant at 0.50. Further, keeping the total binder content same the effect of Type 

"F" Fly Ash from various sources and of different fineness with 20%, 30%, and 40% replacement levels, on the 

temperature rise and heat evolution characteristics, was determined on cementitious paste samples. The study clearly 

demonstrated the pattern of temperature rise and the heat evolution characteristics of cementitious material. The results 

showed that the temperature rise was reduced by   19.6 %; 30.8 % and 41.5 % for 20%, 30%, and 40% replacement levels. 

Similarly, the heat of hydration evolved at 7 days was reduced by 13.7%; 25.9% and 32.1% for 20%, 30%, and 40% 

replacement of cement by Fly Ash. This study further consolidates and shows the importance of using Fly Ash as 

secondary cementitious material improving the various parameters of concrete such as imperviousness, durability 

including the thermal characteristics of concrete. 

Keywords :  Heat of Hydration, calorimetry, temperature rise, fly ash. 

1. Introduction 

The hydration of cement is an exothermic reaction. The rate of heat evolution and total heat evolved depends on cements 

physical and chemical characteristics. The progress and kinetics of hydration of cements are influenced by factors such as : 

 The fineness of cement – the particle size and shape  

 The chemical and crystallographic composition of cement 

 Water/cement or Water /binder ratio 

 The temperature at which hydration takes place 

 The chemical admixtures added 

 The presence of secondary cementatious materials such as Fly ash; blast furnace slag or silica flume/micro silica etc. 
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The morphology and composition of the dominant crystallographic phases such as alite(C3S); belite(C2S) and calcium 

aluminate(C3A) and calcium-alumino-ferrite(C4AF), can vary significantly depending upon the raw materials and the 

manufacturing process and their variation can have a significant influence on the total amount of heat evolved during 

hydration. 

    Technological advances in the calorimeters design and development have paved the way for researchers to in-depth 

understanding of the factors that affect the heat evolution during cement hydration. Various techniques are there to measure 

the total heat and/or heat evaluation pattern of cement such as Heat of solution Test; Isothermal calorimetry; Conduction 

calorimetry and adiabatic calorimetry. These techniques have been critically discussed by Lawrence, C.D [1]. Although, the 

accuracy of  heat determination is better in isothermal calorimeters as heat is measured directly and not the temperatures, but 

the limitations such as very small sample size and cost give an edge to adiabatic calorimeters as this method is relatively easy 

to perform while giving fairly accurate and representative results. The cost is also comparatively low while allowing larger 

quantity of sample, even concrete to be used. Gibbon et al [2] developed a unit of low cost adiabatic calorimeter to study the 

heat evolution in concrete. Ballim [3] showed how the adiabatic heat rate curve can be used in a model for predicting time – 

temperature profiles in mass structures. 

1.1 Role of Mineral Admixtures 

In mass concrete the most important characteristic is its thermal behavior. Concrete structures such as mass concrete elements 

or those designed to achieve high early strength are subject to potential cracking as a result of development of temperature 

gradients across the section. This occurs, because of exothermic reaction of hydration of cement and the uneven heat loss and 

also the climatic conditions. In case of mass concrete the problem occurs due to high thermal inertia of concrete i.e. because 

of low conductivity of concrete a great portion of heat evolved is trapped and dissipated slowly. While in high early strength 

concretes the main cause of the problem (temp. Gradient) is the high cement content. To circumvent the problem and to avoid 

cracking adding mineral admixtures such as Fly-Ash or ground granulated slag/blast furnace slag thereby reducing the total 

amount of heat evolved is a viable solution. Even if it is well known that the mineral admixtures or supplementary 

cementitious material (SCM‟s) reduce the heat evolved; the range of reduction varies and dependant on many factors 

including the degree of reactivity of the additive; its fineness. As per Narmluk, M.and Nawa,T.[4] Fly-Ash is known to retard 

the early stages of hydration but accelerate it at later stages. This is due to the fact that the fly-Ash in the cementitious paste 

decreases the saturation rate of calcium hydroxide in the solution retarding the early age hydration. Langan et al [5]  reported 

that the Fly-Ash reduces the magnitude of exothermic peak (peak temperatures) and delays the time of its occurrence. Chini, 

A.R. and Parham, A. [6]
 
tested the cements with various percentages of pozzolanic materials for adiabatic temperature rise 

and compressive strength. The heat of hydration of cement as well as blend of cement and pozzolan were also determined. 

They reported that the amount of reduction in the peak temperatures was different in various sources and that the amount of 

reduction depends on the percentage of pozzolan and the concrete placing temperatures; based on the results of their study 

they have developed a pozzolan modification factor (αp) based on the type and percentage of pozzolan in the mix and its 

placing temperatures. This factor represents the percentage of heat that pozzolan  produces compared to the cement that it 

replaces. In short, hydration behavior of cementitious system change with the addition of mineral admixture so also  the 

cement replacement by Fly-Ash results in lowering the efficiency of cementitious system in strength development (results is 

lower compressive strength) of concrete mix compared to that only with Portland cement. Malhotra,V.M.[7] postulated that 

apart from workability improvement and reduction in water reducing chemical admixture dosage, the addition of Fly-Ash 

also helps in reducing the heat of hydration and minimizes the adverse effects of alkali aggregate reaction.  

2. Research Significance 

The experimental investigation done had the following objectives:  

(i) To characterize the influence of various Type „F‟ Fly-Ash from different sources with different 

replacement levels based on the total heat and heat evaluation pattern and rate. 

(ii) To know and quantify reduction of magnitude of temperature peak and its delay of occurrence and heat 

evolved by replacing various percentages of Fly Ash in cement in comparison with cement. 

(iii) To find out the strength development (compressive strength in this case ) due to replacement of cement by 

Fly-Ash in various percentages. 
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3. Methodology : Instrument and measurements 

P - CAL 1000 from M/s calmetric Inc. U.S.A., a semi adiabatic calorimeter was used to determine the total amount and the 

rate of heat evolved by each of the cement and cement blends. Figure 1 below shows the calorimeter used. P-cal contains 

state of the art high efficiency insulations, enabling quasi-adiabatic conditions. This equipment can be used for testing cement 

paste, mortar and concrete. 

   

     Figure 1 Calorimeter                 Figure 2  Samples                                  Figure 3  Jars used 

The temperature curve measured by P-cal provides a fingerprint of the chemical reactions (hydration in our case) in the 

sample. Samples up to 1.5 litre can be used for test that are placed inside plastic Jars which are closed tightly. Fig 2 & 3 

above shows the sample and Jar. The calorimeter is equipped with software for 1-minute temperature increment monitoring 

with a precision of ±0.01 
0
 C and was employed to record the temperature profile. Temperature measurement in the 

calorimeter was continued until there was no appreciable change in temperature and tended towards a stabilized value. This is 

the point at which the rate of hydration is so slow that the heat being evolved is not sufficient to increase the temperature of 

sample. For all the cements tested, this point was reached after 5 days but the measurements were done up to 7 days as an 

additional safety measure. The measured temperature change of the samples was used to calculate the amount of heat evolved 

at any time after the start of the test. The total heat evolved is the sum of heat contained in the calorimeter and the heat losses 

(lost to environment). The heat contained in the calorimeter is calculated by equation 1 

qt = Cp * (Tt – T0) * ms                    ------------  equation 1 

where  qt= heat evolved upto time t in calories 

Cp = specific heat of cement 

ms = mass of sample 

Tt = temperature of sample at time „t‟ 

T0 = temperature of sample at the start of the test. 

The heat loss for the calorimeter was calculated by carrying out what is called as “Hot Water experiment” in which the hot 

water at known temperature (more than the maximum expected temperature of sample) was kept in calorimeter  and the 

temperature drop over a period was noted and loss of heat is calculated. The total heat was then calculated as sum of the two 

heat calculated as above. An M.S.Excel sheet was developed to calculate the heat for all samples upto 7 days (168 hrs or 

10080 min) with time step of 1 min. 

 

3.1 Materials used in Experimentation  

 

Total of 4 sets of studies were carried out. The cement used was OPC - 43 grade of same company but different batches (to 

nullify the effect of loss of strength with age). The fly ash from 2 sources namely Khaperkheda thermal power plant and 

Chandrapur super thermal power plant was used. The table 1 shows the materials used and their relevant and important 

properties although other tests were also carried out they are not given here. 
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Table 1: Materials used and their important properties 

Set 

No. 

Cement Fly-Ash 

Type 
Fineness, 

m2/kg 

Specific 

Gravity 
Source 

Fineness, 

m2/kg 
Specific Gravity 

SET-1 OPC-43Gr. 302 3.01 Khaperkheda 675 2.34 

SET-2 OPC-43Gr. 302 3.01 Khaperkheda 683 2.37 

SET-3 OPC-43Gr. 298 3.05 Chandrapur 326 2.1 

SET-4 OPC-43Gr. 298 3.05 Khaperkheda 330 2.1 

 
 

 

3.2 Scheme of study  

 

The experimentation involved making paste of 300 gm of cement with 150 gm of water and putting the sample in the plastic 

Jars, which were put in the calorimeter. The time of mixing water and the temperature of mix were noted down. The 

monitoring of sample was done for7 days (10080 min) and the data automatically recorded by data logger in-built in the 

calorimeter. Through the calorimeter software the data logged could be displayed as time – temperature curve and also could 

be retrieved as temperature log with time. In every set, the sample consisted of only cement and then replaced with 20%, 

30%, & 40% Fly ash keeping total binder content same; making total of 4 samples in every set. Total of 4 such set were 

taken. 

The log of time – temperature represented as graph for some samples are as shown in Fig. 4, 5, 6 & 7. The curve starts to 

decline after peak due to losses from the calorimeter. 

 

   

Figure 4: Set-1-Time-Temp. graph for Cement      Figure 5: Set-2- Time-Temp. graph for Cement +20%FA 

       

Figure 6: Set-2- Time-Temp. graph for Cement+30%FA    Figure 7: Set-2- Time-Temp. graph for Cement +40%FA 
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 The graphs of calculated total heat including losses as function of time for some samples are as shown in Fig. 8, 9 & 10. 

  
             Figure 8  Total Heat                      Figure 9  Total Heat                    Figure 10   Total Heat                                                    

The table below shows the details of graphs in Figure 8,9,10.  

Table 2: Details of graphs  

Ref. to Figure Figure 8 Figure 9 Figure 10 

Details of set Set-1: Cement ( C ) Set-1: C+ 20%FA Set-2 : C+ 30%FA 

Heat Evolved at 7 Days 

in Cal/gm 
90.12 81.17 65.75 

Equation of heat evolved 

(y) in Cal/gm w.r.t. time 

(x) in min. 

y = 21.362Ln(x) - 108.5 y = 21.372Ln(x) - 113.9 y = 16.694Ln(x) - 88.962 

 

4. Results and Discussions   
 

The tabulation for the maximum cement temperature reached (Peak Temperatures) for various samples in all four sets and 

different % replacement were done. So also of the rise in temperature over the ambient temperature and the drop on 

temperature rise with its percentage was done.  

The tabulation for the reduction in heat evolved by cement and also by cement blends for different % replacement at 7 days 

was done. The percentage reduction was also depicted. 

The tabulation for the heat released by various samples and the corresponding compressive strengths at 3 days, 7 days and 28 

days were carried out. 

The table below gives the abstract of all the above tabulations done for all the four sets. 

 

Table 2: Abstract of  various parameters studied 

Sr.No. Parameter 

% Replacement of Cement by Fly-Ash 

20% 30% 40% 

1 Av.. Reduction in Peak Temp 

Value in °C 3.81 5.94 8.10 

% 19.6 30.8 41.6 

2 
Av. Delay  in reaching Peak 

Temperature 
Value in Hrs. 1.5 2.67 4.34 

3 
Av. HEAT Reduction AT 7 

Days 

Value in Cal./gm 11.6 21.8 26.8 

% 13.7 25.9 32.1 

y = 21.362Ln(x) - 108.5

R2 = 0.9468
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4 
Av. % Reduction in 

Compressive Strength 

3Days 27.3 33.1 41.4 

7Days 26.8 37.4 45.7 

28Days 33.4 38.5 44.0 

 
 From the above results it could be seen that: 

   The Av. reduction in peak temperatures was 3.8
0
C (19.6%); 5.9

0
C (30.8%) and 8.1

0
C (41.6%) with 20%, 30% & 40% 

replacement levels respectively. 

The Av. delay in reaching peak temperature was 1.5hrs, 2.6hrs and 4.3hrs with 20%, 30% & 40% replacement levels 

respectively. 

The Av. reduction in heat evolved at 7 days was 11.6 cal/gm (13.7%); 21.8 cal/gm (25.9%) and 26.8 cal/gm (32.1%) for 

20%, 30% & 40% replacement levels respectively. 

The Av. reduction in compressive strength due to addition of Fly-Ash varies and was found to be in the range 27%-45% 

depending on the % replacement by Fly-Ash and the time i.e. 3 days to 28 days. 

 

4.1 Discussion of Results: 

 

 It was observed that replacing cement with pozolan has a reducing effect on the peak temperatures. However, the amount of 

reduction has been different for the mixes with cement from the different batches. The other observation was that replacing 

more fly-ash did not result in the same amount of reduction in the peak temperatures. Another reason for differences in the 

results of reduction of temperature was because of the effect of mixing (starting) temperatures which has not been considered 

in this study. It is believed that higher initial temperatures accelerate the cement hydration as well as the pozolan hydration. 

The results of the heat of hydration calculated were found to be consistent to a large extent with the temperature rise results. 

The compressive strength tests of the mixes shows a significant reduction of about 45% at 28 days when 40% flyash was 

used. 

An important observations from the results as could be seen was that the % reduction in heat at 7 days increased from 13.7% 

to 25.9% for 20% and 30% replacements, an increase of 12.2% while for the corresponding replacement, reduction in the 

strength increased by only 5.1% at 28 days; indicating that % replacement by flyash at around 30% would be more beneficial 

giving more reduction in heat evolved with less reduction in strength. 

 

5. Conclusions 

 

1) Based on the measured temperature profiles and the calculated heat, it could be concluded that the different cements show 

different heat characteristics and they would have different effects on temperature development if used in mass concrete 

structures. 

2) The paper demonstrated the usefulness of semi-adiabatic calorimetry for obtaining the temperature profile and heat 

evolution characteristics of cement and cement blends. 

3) The study brought out the effect of replacing the cement by fly ash in different and increasing percentages. 

4) It could be contemplated that further studies on concrete samples with different cement blends and changing w/c ratio and 

placement temperatures with this semi adiabatic calorimeter would help in obtaining temperature and heat evolution for 

various concrete systems. 
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