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Abstract. Chemically bonded cementitious materials possess the high performance properties and 
excellent durability. They also have a set of special properties, such as low heat evolution. The study 
focused on the relationship between concrete mix design and heat evolution. On based on the 
experimental and calculating results, a set of conclusions and guidelines are drawn. 

Introduction 
Chemically bonded cementitious materials are produced by activating industrial wastes, particularly 
slags and fly ashes, therefore, they are environment friendly, and are getting more and more attentions 
from researchers all over the world. Their high performance properties and excellent durability are 
recognized by the specialists on building materials and no any additional proofs are required [1]. All 
this gave a considerable push to the research and development activities with regard to these materials 
internationally [1-3], in particular, in fast developing countries such as P.R.China [4]. The alkali 
activated slag cements and concretes are intended for multipurpose use and have big advantages, and 
are even out of competition especially for making building materials and products to which require a 
set of special properties, such as low heat evolution.  
In order to minimize a risk of crack formation in massive concrete structures due to early-age thermal 
stresses (heat evolution in concrete), the following requirements in accordance with VSN 31-83 
(Ukraine) should be met, these are: temperature gradients are not allowed to exceed; between the 
middle (further, core) and side surface of a structure in the horizontal direction, further (“horizontal” 
temperature gradient) –18°C; between the core and the upper surface of the structure (“vertical” 
temperature gradients) – 16°С; a maximum allowed temperature gradient between the core and the 
lower (bottom) surface (“vertical” temperature gradient) should be 16 °C; a rate with which the 
concrete of cast-in-place massive concrete structures is allowed to cool should not exceed 1 °С/day. 

Experimental  
Three concrete mixes varying in content of alkaline activator and presence of fly ash as microfiller have 
been chosen (Table 1). Chemical compositions of the slag and fly ash used are given in Table 2. 
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Table 1  Concrete mixes 

 №-1 №-2 №-3 
GGBS (ground granulated 

blast-furnace slag) 352 317 352 

Fly ash - 70 - 
Sand 670 670 670 

Coarse aggregate 1150 1115 1150 
Water 148,3 152 160 

Activator 1 24 24 32 
Activator 2 16 16 8 

Watere reducer 3 3 3 
Density, kg/m3 2390 2400 2400 

 
Table 2 Chemical compositions of the granulated blast-furnace slag and fly ash 

Main oxides Quantity, % by mass 
Slag Fly ash 

SiO2 39.4 51,61 
S 1.4 0,17 

MgO 5.19 0,82 
Al2O3 6.8 32,31 
MnO 0.32  
CaO 47.38 5,19 
FeO 0.32 6,63 
K2O 0.52 1,36 Na2O 0.6 
TiO2 0.26 - 

The heat evolution in the concrete mixs was measured with the help of adiabatic calorimeter. 

Results and discussion 
The results of heat evolution in the concrete mix №-1 are shown in Fig. 1. 

 
Figure 1. Temperature evolution (concrete mix №-1, Table 1) 

Analyzing heat evolution of the concrete mix №-1 suggested to draw the following conclusions: 
(1)Duration of the induction period reaches 30 hr from the moment when the concrete mix ingredients 
were mixed with water, then very quick heat evolution starts and proceeds during the phase of 
structure formation (30-80 hr). When the measurements had been stopped (170 hr) an insignificant 
temperature rise (~1оС during 2 days) was reported. (2)Self-heating (temperature rise) of the concrete 
that has been found in the experimental studies corresponds to a cumulative (total) heat of hydration of 
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the cement Q= 107.2 kJ/kg (29.8 W/kg), thus allowing to classify this cement in accordance with 
DSTU B V. 2.7-91-99 as a low-heat cement. Basing on the results of experimental studies obtained 
with the help of adiabatic calorimeter, the coefficients for the below equation (1) have been obtained 
and the equation was transformed accordingly:   
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Equation 1 – expression used for the modeling of 
heat evolution  with appointed coefficients 

 
Where: Q=107.2 kJ/kg (29.8 W/kg) of the slag alkali activated cement 

This equation was used to plot a theoretical curve of heat evolution in order to model development of 
the process in the concrete (Fig. 2). 

 
Figure 2. The experimentally plotted curve of heat evolution in the concrete and the theoretical 

curve (model) describing it 
The results of heat evolution in the concrete mix №-2 are shown in Fig. 3. 

 

Figure 3. Temperature evolution in the concrete (concrete mix №-2, Table 1) 

Analyzing heat evolution of the concrete mix №-2 suggested to draw the following conclusions: (1) 
Duration of the induction period reaches 12 hr from the moment when the concrete mix ingredients 
were mixed with water, then the intensive heat evolution starts and proceeds during the phase of 
structure formation (12-30 hr). When the measurements had been stopped (140 hr) an insignificant 
temperature rise (~1оС/day) was reported. (2)Self-heating (temperature rise) of the concrete that has 
been found in the experimental studies corresponds to a cumulative (total) heat of hydration of the 
cement Q= 107.2 kJ/kg (29.8 W/kg), thus allowing to classify this cement in accordance with DSTU B 
V. 2.7-91-99 as a low-heat cement.  
Basing on the results of experimental studies obtained with the help of adiabatic calorimeter, the 
coefficients for the equation (1) have been obtained and the equation was transformed accordingly: 
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Equation 2 – expression used for modeling of heat 
evolution with appointed coefficients 

Where: Q=121 kJ/kg (33.6 W/kg) of the slag alkali activated cement. 
The produced equation was used to plot a theoretical curve of heat evolution to model development 

of the process in the concrete (Fig. 4). 
 

 

 
Figure 4.  The experimentally plotted curve of heat evolution in the concrete and the theoretical 

curve (model) describing it 
The results of heat evolution in the concrete mix №-3 produced with the help of adiabatic 
calorimeter are shown in Fig. 5.  

 
Figure 5 Temperature evolution in the concrete (concrete mix No 3,Table 1) 

Analyzing the results of heat evolution in the concrete mix №-3 suggested to draw the following 
conclusions: (1)Duration of the induction period reaches 12 hr from the moment when the concrete 
mix ingredients were mixed with water, then the intensive heat evolution starts and proceeds during 
the phase of structure formation (5-30 hr). When the measurements had been stopped (160 hr) an 
insignificant temperature rise (~0.5 оС /day) was reported. (2)Self-heating (temperature rise) of the 
concrete established experimentally corresponds to a cumulative (total) heat evolution of the 
cement Q= 145 кJ/kg (40.2 W/kg), thus allowing to classify this cement, in accordance with DSTU 
B.V. 2.7-91-99, as a low-heat cement. 
Basing on the results of experimental studies obtained with the help of adiabatic calorimeter, the 
coefficients for the equation (1) have been obtained and the equation was transformed accordingly: 
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Equation 3 – expression used for the modeling of 
heat evolution with appointed coefficients 

Where: Q=145 kJ/kg (40.2 W/kg) of the slag alkali activated cement 
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The produced equation was used to plot a theoretical curve of heat evolution to model development 
of the process in the concrete (Fig. 6). 

 

 
Figure 6 The experimentally plotted curve of heat evolution in the concrete and a theoretical 

curve (model) describing it 

 Conclusions 
Analysis of the study of a heat evolution of the chemically bonded cementitious materials allowed to 
drawn some conclusions. Since, on the contrary to Portland cement concrete, a temperature of the slag 
alkali activated cement concrete during 7 days rises no more than 20оС from the initial temperature of 
a concrete mix, but the temperature continues to rise at a rate of 0.5-1 оС /day and after 7 days of 
hardening, in order to minimize temperature to which the concrete of the structure can be heated, it is 
recommended to provide its hardening without insulation. With taking into account heat evolution in 
the concrete, it is recommended to take measurements of temperature of the concrete at least once per 
day during the first 7 days of hardening and at least once during 2 days, starting from the 8th day and 
until the insulation is removed. In order to minimize "splitting cracks" occurring while cooling due to 
restrains applied due to the limiting of concrete by the base plate, as well as due to its shrinkage 
deformation, it is required to design an adequate quantity of movement joints. 
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