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Abstract. In massive concrete structures there is a danger of temperature 

cracks. One of the measures to get rid of these type of cracks is the 

breakdown of an array into concreting blocks. In this paper, we consider the 

provision of thermal crack resistance of a massive concrete structure during 

the construction period. 

A comparative analysis of the thermally stressed state of the structure 

erected by one and two blocks in height is carried out. The influence of the 

overlap intervals of the concrete block in the calculations of thermal crack 

resistance was evaluated. Thermal crack resistance is evaluated by the 

deformation criterion. The authors found that the breakdown of the concrete 

structure into concreting blocks reduces the elongation deformations by 

37%. The results show that increasing the overlap interval of a concrete 

block more effectively ensures thermal crack resistance of the structure. 

1 Introduction  

In massive concrete and reinforced concrete structures there is a danger of thermal cracking 

[1]. One of the reasons causing internal and surface temperature cracks are significant thermal 

tensile stresses. They result from the release of large amounts of heat during the reaction of 

cement with water. 

 By now, a large amount of research on the thermal stress state of massive concrete 

structures and the formation and kinetics of temperature cracks [2-3] has been done. The 

experience in studying the structure of concrete, its mechanical and strength properties has 

been gained [4-7]. Equations of the theory of heat conduction were obtained. These equations 

describe thermal processes occurring inside massive concrete structures [8], equations of 

mechanics of a deformable medium, which make it possible to obtain a reliable picture of 

thermal stress fields in monolithic concrete structures, taking into account creep [9-11], and 

aging of the material [13]. There was a transition to a mathematical modeling of the thermally 
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stressed state of concrete structures [14–18], which makes it possible to predict the potential 

appearance of temperature cracks. 

 An assessment of the effect of the breakdown of a concrete structure on the concreting 

blocks in the calculations of thermal crack resistance was made by some authors earlier [19-

22]. But in these works, a calculation assessment of the thermally stressed state of the 

concrete mixtures used for the construction of hydraulic structures was made. Such mixtures 

have low heat dissipation, as for their manufacture cement with low consumption is used. In 

this paper, we considered an array erected from a concrete mix with a high consumption of 

cement and, consequently, with high heat release. Such mixtures are used for the construction 

of base plates of nuclear power plants and other critical buildings and structures.  

 As is well known, the concreting of massive concrete base plates and other massive 

structures, for a variety of technological and production considerations, is preferably done in 

a single block in height [23-26]. However, this leads to a significant heating of the array, due 

to an exothermic reaction during the hardening of the concrete mix. The resulting significant 

uneven distribution of temperature over the height of the plate leads to the occurrence of 

dangerous tensile stresses (and, accordingly, elongation deformations), first on the surface of 

the plate, and then in its central zones [27, 28]. 

 There are many measures to ensure the thermal crack resistance of concrete and 

reinforced concrete massive structures [29-31]. One of the methods of reduction of 

temperature cracks is the breakdown into concreting blocks. 

 The purpose of this paper is to evaluate the effect of breaking a massive block into 

concreting blocks, as well as assessing the impact of the overlap interval of concrete blocks 

in the calculations of thermal crack resistance. 

2 Methods 

In this paper, a concrete massive structure with a thickness of 2 meters made of B35 concrete 

with a cement consumption of 340 kg/m3 was considered. The array rests on a layer of 

concrete bed B12.5 on a soil base. The thermophysical characteristics of concrete B35 are 

taken as follows: the thermal conductivity of concrete is λ = 2.67 W / (m ∙ 0C), the specific 

heat capacity c = 1.0 kJ/(kg ∙ 0C). The air temperature is 20 °C, the concrete mix is 20 °C. 

The upper surface of the plate is open - it does not have special thermal insulation. The 

massive structure is concreted in one block in height - in the first case and in two blocks in 

height - in the second case. It was assumed that the massive structure is divided into 

concreting blocks of the same height. 

 The equation proposed by Zaporozhets I.D. describes the process of heat generation in 

both cases. The parameters of the equation are obtained empirically: 

                       Q(τ)=Q
max 

[1-(1+ATτ)]
-

1

m-1                        (1) 

where 𝑄𝑚𝑎𝑥 is the limit to which the heat dissipation of concrete tends; 

 𝐴𝑇  is the coefficient of heat release rate, characterizing the rate of heat release at a constant 

temperature T;  

m - the order of the hydration reaction on water, which for Portland cement depending on the 

type of additives used is from 1.1 to 2.3. 

 The influence of the hardening temperature on the heat dissipation of concrete is carried 

out using the temperature function: 

                                  fT=2
T1-T2

ε                               (2) 

where 𝜀 is the characteristic temperature difference. When 𝑇1 − 𝑇2 = 𝜀, the temperature 

function will be, 𝑓𝑇 = 2, it means when the temperature rises by 𝜀 degrees, the heat 

generation rate will increase by 2 times. 

2

MATEC Web of Conferences 245, 08005 (2018) https://doi.org/10.1051/matecconf/201824508005
EECE-2018



 The “reduced time” hypothesis used in this work allows us to accept that at moments of 

equal heat release 𝑄1 = 𝑄2, where 𝑄1and 𝑄2 are the heat release values at temperatures, 

respectively, 𝑇1and 𝑇2, the ratio of heat release rates, as well as the corresponding terms 𝜏2 

and 𝜏1 remains constant throughout the process. 

 At the same time, the specific heat release of cement q = Q/C = 482.2 kJ / kg; heat release 

growth rate coefficient at 20 °C A20 = 2.12∙10 -6 s-1. Cement consumption in concrete was C 

= 340 kg/m3. These parameters of the heat generation process were determined 

experimentally. 

 With the help of the software “TERM”, which was developed at the Department of 

Building Mechanics and Structural Engineering of Peter the Great St. Petersburg Polytechnic 

University in this paper [1], the thermal stress state of the array was calculated, which was 

erected with one or two blocks in height. The calculation was made according to the P. 

Vasilyev’s deformation criterion [9, 10]. This criterion assesses the thermal crack resistance 

of the structure on the basis that the elongation deformations of concrete should not exceed 

the ultimate tensile properties of concrete [9, 10]. 

 Since the height of the array is significantly less than its planned size, in this work it is 

possible to move to a one-dimensional design scheme. In this case, the voltage and 

temperature will be functions of the same vertical coordinate. 

3 Results and Discussion  

3.1 Investigation of the effect of breaking down a concrete massive block into 
concreting blocks 

 
Fig. 1. The graph of temperature changes in the center of the block. 
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Fig. 2. The graph of stress changes on the top of the block. 
 

 
Fig. 3. Graph of elongation deformations. 

Analysis of the results shows the following: 

1. When the massive structure is concreting with one block, the maximum temperature is 

reached on the 4th day from the moment of laying the mixture and is equal to 68.36 ºC; when 

the massive structure is concreting with two blocks, the maximum temperature is reached in 

the center of the block for 15 days and equal to 55.70 ºC (Fig. 1) 
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2. On the 4th day at the time of the greatest exothermic heating during the concreting with 

one block in height, there is a maximum tensile stress of 16.19 kg/cm2. When the massive 

structure is concreting with two blocks, the greatest stress is observed for 15 days and is equal 

to 7.72 kg/cm2 (Fig. 2).  

 The breakdown of the massive structure into concreting blocks leads to a decrease of 

tensile stresses of the massive concrete structure by 52.32%. Also in the first case, a 

dangerous stretch occurs at an earlier time (shift by 10 days). Fig. 3 illustrates the changes in 

elongation deformations. When the massive block is concreting with 2 blocks in height a 

decrease in the maximum elongation deformation is observed and equal 37%. 

3.2 The study of the effect of the overlap intervals of a concrete block in the 
calculations of thermal crack resistance 

Consider the concreting of two blocks in height with a different interval of overlap of Block 

1 (5-7-10-12 days). 

 
Fig. 4. The elongation deformations of Block 1 

 
Fig. 5. The elongation deformations of Block 2 
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Analysis of the results shows the following: 

 There is the same nature of the change in elongation deformations at different overlap 

times of the concrete block in Block 1 and Block 2. In Block 1, elongation deformations 

decrease with increasing interval of concreting (decrease by 60.11% in elongation 

deformations on the top of block) , in Block 2 - also increase (decrease by 44.44 % in 

elongation deformations on the top of block). The results obtained are close to field data [2]. 

4 Conclusions 

1. In the case of concreting the structure with two blocks in height, the maximum 

temperature inside the block decreases by 18.5 %. 

2. The breakdown of the massive structure into concreting blocks leads to a decrease of 

tensile stresses of the massive concrete structure by 52.32%.  

3. The reducing the elongation deformations compared to concreting single block in height 

was 37%.  

4. With an increase in the overlap interval of the first concrete block, a decrease in 

elongation deformations on the block surface by 60.11% (in the first block) and by 

44.44% (in the second block) is observed, which also provides more effective the 

thermal crack resistance of the massive concrete structure. 
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