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Abstract. The work is dedicated to research of the thermal stresses state of massive concrete and 

reinforced concrete structures in construction period. The article examines the results of the analysis of the 

thermal stress state, which occurs in massive concrete ground slab with thickness of 1 m. The study was 

conducted with using analytical models, which include the factor of diurnal temperature range in 

comparison with simplified methods. Authors established that solving the problem of thermal stressed 

state of the massive foundation slabs in the building period without taking into account the influence 

temperature changing during the month might not cause to significant deviation of the real diagram of the 

thermal stresses and elongation deformations in the structures body: error is less than 0.5%. 

1 Introduction 

In practice, calculation of thermal fields is often based on the heat equation solution as well as thermal stresses 

definition, linked with calculation of cracking resistance massive of concrete in construction period [1-2]. Non-

stationary and non-uniform temperature fields [3-7] appear in the concrete because of cement setting [8-9] and heat 

exchange with the environment, consequently leading to the formation of thermal stresses [10-14]. Uneven temperature 

fields are the cause of tensile stresses on the surface of the foundation, which are capable of generating dangerous crack 

growth [15-19]. The following provisions determine the relevance and necessity of analyzing the thermally stressed 

state and the calculation of thermal crack resistance: 

• Construction of buildings and structures requiring large-sized foundations [20]; 

• Construction of buildings and structures with a high level of responsibility, the durability and performance of which 

may suffer because of even small deformations [21]. 

Basic data for describing and calculating the distribution of heat in a real structure consist of the following seven 

parameters: geometric shape and size of the structure; thermal performance of the material; the law of heat propagation 

inside the structure; initial conditions (block temperature at the time of the beginning of the calculation of the process of 

heat release); ambient temperature; conditions of heat exchange on the surface; cement exotherm [20]. 

For an accurate description of the thermally stressed state of the structure, it is necessary that the seven parameters 

listed above be modeled with maximum confidence. Many works are devoted to the improvement of the methodology 

and the approximation of the computational model to real conditions [3-5.9-10.20-22]. So N.A. Malinin [3] proposed a 

type of concrete relaxation function, which is used to record creep; I.D. Zaporozhets [9] described the process of heat 

dissipation of concrete by the equation, which is used when calculating the temperature change of hardening; A.V. 

Chekalkin [20] solved the problem of determining the thermally stressed state and the crack resistance of the foundation 

of a turbine unit using MCS, etc. Most authors agree that not taking into account one factor or another leads to 

significant errors in the calculations [1, 2, 8, 10, 13, 14, 20-21]. 

Earlier, in studies of the distribution of temperature fields and a thermally stressed state, some constant average 

daily ambient air temperature was set [1, 2, 10, 11, 20-22]. However, there is some daily/monthly rate [23-25]. The 

change in ambient temperature is one of the most significant factors for a large number of processes. Accounting for the 

effect of temperature is quite complicated, because temperature change is a complex dynamic process containing both 

deterministic and random components [24, 26]. 

The modeling of the change in ambient temperature over a period (day, year, and month) and the assessment of the 

influence of this fluctuation is the work of both domestic and foreign authors. Temperature fluctuations affect the state 

of people, engineering systems, building materials and structures [27-28], etc. For example, in article [27] based on the 

findings obtained, it was possible for the first time to make direct statements about the deformation conditions occurring 

in an asphalt base layer because of temperature.  

Most models are based on long-term meteorological observations with a daily resolution [29–30]. In [29], it was 

shown that the daily amplitude of temperature fluctuations of the PP is the greatest in the summer season in all the 

considered climatic zones. And in article [30] a model is used, for a given period of time the annual variation of the 
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average daily air temperature of which is characterized by three parameters - the average temperature T0, as well as the 

amplitude of the sinusoidal function A and the point of its maximum t0. 

Structural calculation methods involve usage of structural models made with certain simplifications that greatly 

facilitate the calculation. Calculation with a wrong structural model cannot be valid qualitative. For the foregoing 

reasons, the vital task is to estimate diurnal temperature range in structure model for the construction period.  

The purpose of article is an assessment of the influence of ambient temperature fluctuations in the calculations of 

thermal crack resistance of massive concrete and reinforced concrete structures during the construction period and the 

rationale for the need for such an account. 

Therefore, the purposes of current research work are: 

1. To propose the calculation optimization algorithm, which should consider the diurnal temperature range; 

2. To estimate the damage state by calculation methods that involve usage of structural models made with certain 

simplifications. 

For achieving these purposes, following problems have to be solved: 

1. Investigate the change in ambient air temperature during the month and obtain dependencies that could be 

implemented in the calculations of the thermal stress state; 

2. To obtain, using the program on the example of the initial data, new results of the calculation of the thermally 

stressed state and to compare with the calculations obtained by the old method. 

2 Methods and Materials 

This paper demonstrates calculation of stressed state with the help of TERM software developed by the Institute of 

Civil Engineering at the Peter the Great St. Petersburg Polytechnic University [12, 31-33]. This software calculates 

nonstationary fields of temperature and thermal stresses. An essential feature of the TERM software is the consideration 

of temperature influence on thermophysical and stress-related concrete characteristics.  

Considering horizontal mats sizes significantly exceed their height, we can study a one-dimensional structural model 

for the mat central part with the reasonable degree of accuracy. In this model, stress and temperature are functions of 

the vertical coordinate space [10]. 

1. The article examines the results of the analysis of the thermal stress state in construction period, which occurs in 

massive concrete ground slab height (thickness) 1.0 m. Slab is laid as one block. 

2. Thermal and physical characteristics of the concrete B35: thermal conductivity=2.67 W/m∙0C, thermal capacity 

c=1.0 kJ/kg∙0C; 

3. Concrete mix temperature: 200C; 

4. Ambient temperature (temperature of ambient air): constant or variable during month; 

5. According to N.A. Malinin, the instantaneous elastic deformation modulus of concrete follows the equation [3]:                                                                    

                                                                                                                                                     (1) 

where Emax= 34500 MPa is the limit value of the concrete deformation. Functional dependency parameters are     

α=(-0.37), γ=0.72, and t stands for the current time; 

6. Conditions of heat transfer on the surface: third type boundary conditions. Heat transfer according to the 

Newton’s law:  

                                                                                                                                                     (2)   

7. The heat dissipation process follows the I.D. Zaporozhets equation [9]: 

                                                                                                                              (3) 

As initial data (thermophysical characteristics of concrete, cement heat radiation) the results or research, obtained in 

laboratory “Polytech-SKiM-Test” in CUBS department by Professor Barabanschikov Y.G. were accepted. 

The following technological specifications of concrete pouring were taken into account: inside the heat enclosure, 

the concrete mix is poured as a single 1.0 m high block with the concrete mix temperature is 200C and air temperature is 

varied. After concreting the surface is covered with insulation, which thickness is determined by the cracking 

prevention condition. 

In order to estimate the cracking resistance of the concrete slab, we would use the deformation criterion suggested 

by P.I. Vasiliev [34].  

3 Results  

3.1 Ambient temperature  

The daily variation of the ambient temperature was determined depending on the type of the climatic zone and the 

selected date according to tables of statistical data. For winter, the amplitude of daily fluctuations will be minimal, and 

for summer - maximum [23-29]. However, the winter period is the most dangerous from the technological point of 

view, since the temperature difference “ambient air-concrete mix” is maximum.  For comparison, consider the air 

temperature of the coldest and warmest months of St. Petersburg (January and July, respectively) (Table 1, Table 2).
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Table 1. Maximum, minimum and average temperatures in January for 2014-2018 in the city of St. Petersburg [35, 36]. 

Day 

/ 

year 

Maximum temperature, 0C Minimum temperature, 0C Average temperature, 0C Average, 0C 

14 15 16 17 18 14 15 16 17 18 14 15 16 17 18 Tmax Tmin Tav 

1 8 3 -7.2 4.5 1.3 -2 0.5 -18 -0.3 -0.6 0.5 2.2 -13.7 1.2 0.5 0.76 -4.08 -1.86 

2 -1 4 -9 0.4 4.7 -3 1.7 -18 -4.4 0.8 -2.3 2.7 -14.4 -2.1 3.6 -0.18 -4.58 -2.5 

3 0 3.1 -8 -4.4 3.6 -2 0 -16 -11.3 1.3 -1.2 1.2 -11.6 -7.8 2.2 -1.14 -5.6 -3.44 

4 1.7 -0.2 -10 -11.3 3.1 -0.6 -8 -20 -15.8 1 1 -3.9 -15 -14.5 2.2 -3.34 -8.68 -6.04 

5 4 -7 -17 -15.8 4.4 1 -10 -25 -19.6 3 2.9 -8.3 -19.4 -18.1 3.5 -6.28 -10.12 -7.88 

6 2.5 -9 -18.3 -17.5 3.3 0 -13 -27 -19.7 1.8 0.7 -10.9 -24.4 -18.6 2.4 -7.8 -11.58 -10.16 

7 4 -7.5 -20.3 -15.7 1.9 1 -13.5 -27 -20.6 -3.1 2.2 -9.6 -24.7 -18.4 -1 -7.52 -12.64 -10.3 

8 6 -3 -16.8 -4.8 -0.1 0.2 -11 -27 -15.7 -3.5 4 -7.7 -23.7 -9.4 -1.7 -3.74 -11.4 -7.7 

9 6 1.2 -17.2 0.9 0.3 3 -6 -26 -4.8 -5.4 4.6 0.1 -21.4 -1.1 -2.7 -1.76 -7.84 -4.1 

10 4 0 -14.6 2 0.9 -2 -2 -22 -0.3 -1.9 1.9 -1.1 -20.1 0.8 -0.2 -1.54 -5.64 -3.74 

11 -2 -0.7 -12 1.5 -1.2 -6 -2.1 -21 -6.6 -3 -4.7 -1.4 -16.1 -4.3 -1.9 -2.88 -7.74 -5.68 

12 -5 -1 -8.5 -2.3 -1.8 -8 -11 -12.9 -5.6 -5 -5.7 -7.1 -9.6 -3.7 -3.2 -3.72 -8.5 -5.86 

13 -7 2.3 -8.7 1.5 -4.1 -10 -11.2 -13 -5.6 -7.8 -7.9 -2.2 -10.4 -2.2 -5.7 -3.2 -9.52 -5.68 

14 -8 3 -11.7 1.3 -3.2 -11.8 -3 -23 -1.3 -5.8 -9 0.9 -16.7 0 -4.6 -3.72 -8.98 -5.88 

15 -7.2 2.1 -11.9 0.3 -4.4 -14 -1 -23 -2.3 -8.1 -10.2 1.1 -18.1 -0.9 -7.4 -4.22 -9.68 -7.1 

16 -7 3.3 -13.1 -1.7 -7.6 -10.3 -1 -21.7 -4.4 -10.7 -9.2 0.9 -17.7 -2.8 -9.1 -5.22 -9.62 -7.58 

17 -9.1 3.4 -9 -3 -5 -16 1 -21 -4.8 -9.1 -12.1 2.2 -15.4 -4 -7.1 -4.54 -9.98 -7.28 

18 -10.5 3 -12 0.3 -4.4 -15 1 -23.1 -4.3 -6.5 -13.2 1.7 -16.7 -1.9 -5.5 -4.72 -9.58 -7.12 

19 -8.9 1.3 -2.4 2.1 -1.7 -17 -6 - 14.5 0 -4.8 -13.9 -0.8 -5.8 0.9 -2.7 -1.92 -8.46 -4.46 

20 -9.7 -4.9 -6.1 2 -3 -16.3 -15  -10.1 -2.3 -6.4 -12.1 -10.3 -8.3 -0.5 -4.9 -4.34 -10.02 -7.22 

21 -7.4 -8.4 -9 -1.2 -6.4 -11.1 -18 -15 -5.7 -11.2 -9 -15 -10.7 -3.5 -8.9 -6.48 -12.2 -9.42 

22 -9.5 -9 -14.6 1.4 -8.9 -20 -17 -23.5 -6 -14.7 -12.6 -12.5 -18.3 -1.4 -11.1 -8.12 -16.24 -11.18 

23 -14 -2.2 -10.9 0.8 -9.5 -22 -10 -24 0.2 -14.7 -17.6 -5.2 -18.2 0.6 -12.7 -7.16 -14.1 -10.62 

24 -10.9 -0.6 -5.3 0.9 -4.2 -18.2 -6 -13.6 -5.6 -13.9 -13.5 -3 -9.1 -2.4 -5.7 -4.02 -11.46 -6.74 

25 -8 -1.9 -5 -4.9 4 -15 -4 -9 -6.5 -4.2 -9.4 -3.2 -7.9 -5.8 0.3 -3.16 -7.74 -5.2 

26 -7.2 -1.4 2 1.3 4 -10 -5 -7.2 -7 3.2 -8.2 -3.2 -2.4 -2.8 3.7 -0.26 -5.2 -2.58 

27 -8.7 -2 3 1.3 3.2 -18 -5 -2.4 0.3 1.7 -13.2 -4.1 1.6 0.9 2 -0.64 -4.68 -2.56 

28 -11 -0.8 5.2 0.3 1.7 -19 -3 1 -1.1 0.2 -15.7 -2.2 3.1 -0.5 0.8 -0.92 -4.38 -2.9 

29 -14.2 0.6 2.2 1 0.6 -22 -2 0 -1.5 -3.2 -19.2 -0.9 1.2 -0.3 -1 -1.96 -5.74 -4.04 

30 -15 1.5 5 0.9 -3.2 -22 -1  0.8 -0.4 -7.1 -19.1 0.1 3.8 0.2 -5.5 -2.16 -5.94 -4.1 

31 -8.7 2 4.4 1.1 -5.1 -20 0  0.3 -0.4 -10.5 -14.8 0.5 2.1 0.5 -8.4 -1.26 -6.12 -4.02 

-5.97 

 
Table 2. Maximum, minimum and average temperatures of July for 2014-2018 in the city of St. Petersburg [35, 36]. 

Day 

/ 

year 

Maximum temperature, 0C Minimum temperature, 0C Average temperature, 0C Average, 0C 

14 15 16 17 18 14 15 16 17 18 14 15 16 17 18 Tmax Tmin Tav 

1 18 21 24 15.5 14.9 13 12 16 11.6 8.6 15.1 17.5 20.4 13.1 11.5 18.68 12.24 15.52 

2 19 21.7 28.1 21.8 14.8 12 13.6 17 12.7 10.4 15.6 16.8 22.7 17.2 11.9 21.08 13.14 16.84 

3 20 29 31.5 25.2 19.7 11 15 17 11.3 11.4 15.5 22.7 23.7 18.3 15.8 25.08 13.14 19.2 

4 20 27 21.3 20.9 20.7 11 18 12 13.2 11.4 14.9 22.3 16.1 16.1 16.4 21.98 13.12 17.16 

5 21 21 14 17.1 21.1 8 12 12 12.8 12.8 16.1 17.3 12.7 14.6 16.3 18.84 11.52 15.4 

6 24 18.5 16 14.6 20.3 8 9 12 10.9 14.4 17.8 13.9 13.7 13 16.5 18.68 10.86 14.98 

7 26.5 16 15 16.1 21.7 13 10 13 9.6 15.5 21.3 12.7 13.9 12.5 17.7 19.06 12.22 15.62 

8 27.2 20.6 16 17.6 20.3 12 13.8 13 9.7 15.6 21.1 17 14.7 13.4 17.6 20.34 12.82 16.76 

9 27 22 19.2 18.4 18.6 12 14 13 11.1 13.8 20.3 18.1 15.9 15.1 16.1 21.04 12.78 17.1 

10 15.7 20.2 22.1 24.5 17.1 12 11 13 13.4 14.2 14.5 15.6 17.6 18.5 15.4 19.92 12.72 16.32 

11 20.2 16 22.3 24.5 24.6 9 12 13 12.9 13.5 15.7 14 17.9 20.2 19.2 21.52 12.08 17.4 

12 24 13.9 22 23 27.4 10 10 15 15.7 17 17.4 11.6 18.3 19.1 22.5 22.06 13.54 17.78 

13 26 16 23 25.3 29 15 6 15 15 15.6 19.5 12 18.2 19.3 22.7 23.86 13.32 18.34 

14 29 18 22.4 19.4 27.8 18 5 14 14.6 16.6 22.2 12.9 18.5 16 22.6 23.32 13.64 18.44 

15 28 20.5 22 18.3 30 17 7 15 13.3 16.4 21.7 14.8 17.8 15.7 23.6 23.76 13.74 18.72 

16 25 21.1 21 19.7 30.7 16 9 14 11.9 17.4 20.7 16.1 18.1 15.9 24.8 23.5 13.66 19.12 

17 23 22 25 20.8 30.7 15 10 13 13.8 20.4 19.3 15.6 19.7 16.3 26.1 24.3 14.44 19.4 

18 26 24 19.4 18.9 27.9 14 10 15 13.7 21.2 20.4 17.7 16.7 15.3 24.6 23.24 14.78 18.94 

19 26.7 20 22.4 18 27.2 15 12 14 12.9 20.2 21.9 16.1 18.8 15.2 23.7 22.86 14.82 19.14 
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Day 

/ 

year 

Maximum temperature, 0C Minimum temperature, 0C Average temperature, 0C Average, 0C 

14 15 16 17 18 14 15 16 17 18 14 15 16 17 18 Tmax Tmin Tav 

20 27.6 21 19.2 17.7 26.3 15 12 14 12.4 18.9 22.4 16 17.1 15 22.4 22.36 14.46 18.58 

21 25 21 23 20.5 25.5 18 13 16.3 11.4 21.2 21.4 17.3 19.1 16.2 22.1 23 15.98 19.22 

22 26 19 20 20.7 26.1 13 14 16.9 12.1 20.1 20.8 15.6 18.8 15.2 23 22.36 15.22 18.68 

23 27 20.4 24.1 19.9 27.1 13 14 17 11.3 20.4 21.3 16.8 19.7 16.1 23.4 23.7 15.14 19.46 

24 26.7 21 27 17.9 29 13 14 16 14.1 20.8 21.4 17.2 21.8 15.4 25 24.32 15.58 20.16 

25 27 22 25 19.3 27.4 12 13 16 13.6 18.7 21.3 17.2 21.1 15.9 23.3 24.14 14.66 19.76 

26 30 25.5 27.6 23 26.4 17 12 17 13.2 20.2 23.9 19.9 21.4 17.5 22.7 26.5 15.88 21.08 

27 31 22 26.9 23.9 27.9 17 13 17 12.8 20 24.6 18.3 22 18.3 23.8 26.34 15.96 21.4 

28 32 21.6 27.8 26.6 29.8 17 15 16 15 20.8 24.8 18.1 22.6 20.5 25 27.56 16.76 22.2 

29 29 21 24.6 23.8 27.8 17 12 17 15.8 19 23.2 15.9 20 19.2 23.7 25.24 16.16 20.4 

30 29 22 20.7 21.7 27.8 16 11 17 15.2 18.4 23.3 15.6 18.2 18.2 23.3 24.24 15.52 19.72 

31 33 17 24 23.6 28.9 19 11 16 15.6 18.5 25.9 14.1 19.3 19.3 23.9 25.3 16.02 20.5 

  18.5 

-20

-15

-10

-5

0

5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

T
em

p
er

at
u

re
, 

0
C

Time, day of month

Maximum Minimum Average

 
Figure. 1. Graph of averaged maximum, minimum and average temperatures of January for the last five years in the city of St. 

Petersburg 
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Figure. 2. Graph of averaged maximum, minimum and average temperatures of July for the last five years in the city of St. 

Petersburg 

 
Let us find the percentage excess between the maximum and minimum temperatures during the day and the average 

values:   
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    (4) 

Table 3. Comparative table of temperatures 

Month/Factor 
Average difference 

between Tmax and Tav 

Average difference 

between Tmax and Tav 
Average value 

Correction Index 

for daily average 

July 23.5 24 23.75 1.24 

January 47.1 49.4 48.25 1.48 

Analysis of the results shows the following: 

1. Over the past five years, there has been a change in temperature during the month (the difference between the

maximum and minimum) within [6.44; 11.94] in July and [3.46; 8] in December. (Figure. 1, 2); 

2. Despite the greatest amplitude of temperature fluctuations in July, as a percentage, the difference between the

average temperature and the temperature of the daily maximum / minimum is more significant in January (Table 3). 

3.2 Evaluation of thermal stressed state with constant and variable ambient temperature 

Calculations of this paragraph provide with the same thickness of thermal insulation layer for the case at constant and 

variable ambient temperature during month. Figure 3 shows graphs of variation in time the thermal stresses in the 

control points of the base slab height (thickness) 1.0 m determined at maximum (green line), minimum (red line) and 

average (blue line) temperatures of January. Figure 4 shows graphs of variation in time temperature difference (center-top) 

of the base slab height (thickness) 1.0 m determined at constant (blue line) and variable (red line) ambient temperature 

of July. 
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Figure. 3. Graph of changing thermal stresses on the top of the plate determined at maximum, minimum and average 

temperatures of January in the city of St. Petersburg 
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Figure. 4. Graph of changing temperature difference (center-top) of the plate determined at constant and variable ambient 

temperature of July in the city of St. Petersburg  

Analysis of the result show us: 

1. The variation of the plate thermal stresses determined at the maximum, minimum and average monthly

temperatures is insignificant. The difference is less than 1.5 percent. Furthermore, the maximum and minimum 

temperatures are local during the month and calculations using the input of the correction factor will be rough enough; 

2. Calculations provide for the same thickness of thermal insulation layer for the case at constant and variable

ambient temperature show us a negligibly small error in temperatures (<10%) and even smaller in thermal stresses 

(<0.5%). 

4 Discussion 

According to the work [3-5, 9-10, 20-22] it is important to have knowledge of aspects having the greatest influence on 

data calculated while researching the thermal stressed state of massive concrete and reinforced structures. The change in 

ambient temperature is one of the most significant factors for a large number of processes [24, 26]. For example, 

according to the paper [27] the deformation conditions occurring in an asphalt base layer because of temperature. In 

addition, in compliance with [28] the moisture and temperature variations are especially important in porous building 

materials where water dependent biological and physical processes are the main degrading factors. Calculation with an 

incorrectly chosen structural model or calculation implying a simplified approach could not be valid qualitative [1, 2, 8, 

10, 13, 14, 20-21].  

According to studies, the solution of the problem of definition the thermal stress state of the massive foundation slab 

in the building period at constant monthly temperature may not cause a significant distortion of the real diagram of the 

thermal stresses and elongation deformations in the structures body. For the predicted calculations, it is necessary to 

derive dependencies describing the daily variations in the ambient air temperature to be included in the calculation 

method. It is also necessary to analyze the influence of monthly and daily variations in temperature on slabs of various 

thickness. 

5 Conclusion 

The results of the conducted experiments allow us to make following conclusions: 

1. Solving the problem of thermal stressed state of the massive foundation slabs in the building period without taking

into account the influence temperature changing during the month may not cause to significant deviation of the real 

diagram of the thermal stresses and elongation deformations in the structures body: error is less than 0.5%; 

2. Despite the minor error at not taking into account the monthly course, daily temperature range should be investigated.

The calculation error significant may also depends on the heights of the foundation slab. 
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