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Abstract: This article states the results of experimental studies to assess concrete strength in 

cast-in-situ structures based on a systematic approach, including integrated research methods at 

all stages of construction of reinforced concrete structures. It was established that the concrete 

strength of the sample-cubes made on the object simultaneously with the structure and stored 

under the same conditions was slightly lower than the structures and standard control samples. 

The decrease in the strength of concrete samples from structures is on average 13,3%. Its value is 

effected by several factors, one of the main was the maintenance of the structure. The most 

appropriate is to meet the requirements of achieving 70% of the design strength and higher 

percentage is required for cast-in-situ construction in terms of winter pouring concrete. At the 

same time, along with the assessment of the physical and mechanical properties of the structure 

by non-destructive methods, it is necessary to carry out tests aimed at determining the actual 

concrete strength based on samples made in the batching plant laboratory and solidified (cured) 

in permissible humidity conditions (herein after referred as PHC). 

 

Introduction 

Today cast-in-situ construction is the most mobile, flexible and cost-effective. It is the reason 

why the world volume of it reaches 55...80%. An important problem of cast-in-situ construction 

technology in Russia is the task of increasing of the construction growth and resource [1]. 

Some special problems of pouring concrete of cast-in-situ reinforced concrete structures 

appear in cold seasons. There is a necessity to accelerate the concrete strength development at 

low temperatures. During the initial period of solidification the structures should be protected 

from freezing, precipitation or moisture loss, i.e. permissible humidity conditions (PHC) are to 

be maintained that can provide a stable increase in strength [2,3]. 

It is extremely important to ensure the stripping concrete strength in terms of the climatic 

conditions of Siberia and the Far East, i.e. the modes of structures heating should be observed. 

One of the important stages of cast-in-situ building elements construction is the curing of 

concrete until the required strength is achieved. With the temperature rise during heating at the 

initial stage of solidifying, the chemical activity of water increases that results in the acceleration 

of solidifying. With the temperature drop freezing water increases in volume that results in a 

damage of the concrete structure; a significant decrease in its physical and technical properties 

and its strength, frost resistance and water resistance [4]. 

Some other mistakes that can result in the decrease of properties are as follows:  

- flow concrete contains much more water than it is required for hydration (mixing) of cement 

that leads to the formation of directed concrete porosity due to the release of free moisture. In 

cast-in-situ works most organizations give priority to workability. As a rule, there is an 

overstated water grade, but the control over the concrete fluidity is not provided. 

- when pouring concrete of massive structures, there are some typical damages to the structure. 

It happens because some areas are not consolidated. After solidification some cracks are formed. 

They pass along the bonding lines of different concrete areas - both in vertical and horizontal 

direction. In the process of mixture layering the adhesion of fresh concrete to the solidified 

concrete is not provided.  
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- the upper layer has the lowest density and the highest fluidity, it results in the decrease of 

strength. When shrinking structures, especially horizontal ones, the structure of the upper layer is 

significantly different in quality from the main array, which is denser due to the increased grade 

of fillers. There appear vertical and horizontal cracks with the delamination from the denser 

lower layers. Therefore, a low water-cement ratio is an important requirement to avoid 

inhomogeneity in composition and structure in thickness[5,6,7]. 

Relevance of the issue with a brief review of literature 

The cast-in-situ structures construction is a complex and diverse process, especially in terms 

of long low temperatures. The quality of concrete plays the most important role as it ensures 

durability. 

The difficulty of winter pouring concrete is to ensure a positive temperature of the concrete 

for the period of time that is necessary to develop strength. At this strength the necessary 

resistance to the pressure of the ice formed and the ability for further solidifying at positive 

temperatures without a noticeable decrease in strength and other properties are provided. 

At present, the results of cryological studies of concrete are not sufficiently analyzed, some of 

them are aimed at accelerating the concrete solidifying by means of chemical admixtures [8, 9]. 

As a result, it contributes to reducing the time required for the concrete to develop a critical 

strength. Some combinations of the use of chemical admixtures of both solidifying accelerators 

and heat supply to concrete from outside have been studied [10]. The issues of cast-in-situ 

concrete quality improvement by multifrequent hypersonic activation of gauging water [11] and 

mechanical activation of cements [12] have been considered. 

The kinetics of plasterless cement systems solidifying at low temperatures is presented in 

works [13]. Some methods of pouring concrete at low temperatures [14, 15], new technologies of 

electric heating [16], and an impact of air-entraining and mineral admixtures on frost resistance 

[17] have been studied. 

Unfortunately, a huge number of surveys results of reinforced concrete structures both raised 

and in operation in large industrial enterprises that has been held recently in northern parts of 

Russia is poorly analyzed. Meanwhile, a systematic assessment of the data would contribute to 

the objective clarification and justification of requirements for quality and durability of both 

concrete and reinforced concrete. Due to the increased requirements for timing and quality of 

construction, the issues of ensuring the design strength properties of reinforced concrete 

structures are becoming increasingly important. 

Therefore, the research is aimed at assessing the strength of cast-in-situ structures based on a 

systematic approach that includes integrated research methods for determining the characteristics 

at all stages of construction. 

Theory 

The authors have been carrying out the laboratory quality control at large construction sites 

for a long time. The concrete strength of sample-cubes was determined by destructive methods. 

The sample-cubes were made by the batching plant laboratory and at the construction site from 

the delivered concrete. Also, the strength was determined when solidifying in structure by non-

destructive methods both direct and indirect [18]. If the strength is lower than the project of 

works for concrete of a given age requires, the reason for the deviation is found (for example, 

insufficient consolidation, improper cure of concrete or temperature and humidity conditions of 

strength development). 

When controlling the strength by destructive methods it is difficult to determine which 

samples have the greatest approximation in terms of values reliability, whether they were made 

in the laboratory or at the site along with the structure and stored in the same conditions. Several 

factors that effect the strength indicators are as follows: 

- the presence of a vibration platform in the batching plant laboratory and a greater 

homogeneity in consolidation. It is confirmed by the values of a variation coefficient. 

- the conditions of concrete solidifying in structures and forms with sample-cubes stored in a  

similar environment differ from the permissible humidity conditions (PHC) and are less 



favorable to concrete. As the scales of sample and structure differ significantly so the processes 

of structure formation of cement system will proceed differently [19]. 

The strength control by non-destructive methods is carried out on the surface of structure, so 

the state of the upper layer can have a significant effect on the results of the control. They 

usually differ from internal concrete. 

The factors that effect the measurement inaccuracy in the control and assessment of concrete 

strength by non-destructive methods are inhomogeneity of the concrete materials in the sample 

volume; under-compacted and over-vibrated sections of structure; the disintegration of flow 

concrete; surface defects; corrosion and carbonation of upper layer. The faults of a device are 

considered as well. They are a spring wear or a weak battery charging especially at low 

temperatures. In addition, the parameters of concrete at site may differ significantly from those 

that the calibration curve was built at. It reduces the reliability of the strength values [20]. 

The removal of samples from cast-in-situ body is a quite informative way to assess the 

strength of concrete structures. The samples are tested further. However, any sawing or drilling 

in concrete causes local defects, even without taking into account the fact that this method is 

quite expensive and time-consuming[21]. 

Thus, the production and technological factors have a rather complex effect on the 

determination of the average concrete strength and explain the result of any particular test. 

Therefore, along with the control of all major technological processes in terms of their stability 

on the specified parameters, it is necessary to check constantly the quality of concrete by an 

independent laboratory with several methods including the processing of results based on 

statistic dependencies. The analysis of data allows to maintain the concrete quality at a 

consistently high level [22]. 

The statistic control of homogeneity and concrete strength allows to determine the average 

values of strength in relation to specified values that can be taken in the production of concrete 

works depending on the achieved coefficient of variation. The systematic determination of 

statistic characteristics at a particular construction site gets an idea of the degree of placed 

concrete homogeneity and the adjustment of the technological process as a whole. [23]. 

The experiment results 

One of the most important problems of determining the cast-in-situ concrete strength in the 

northern regions by non-destructive methods is a long (more than 5 months) period with low 

temperatures, when the outside air temperature is below -10
0                                                                                                                                                                                                                                                                                                                                                                                                                                       

C. However, according to all-Union State Standard 22690-2015, non-destructive testing methods 

may be carried out at a temperature not lower than-10
0
C in terms of established calibration 

curve. If the concrete tests by non-destructive methods are not possible by the end of the heating 

(the determination of stripping strength) at an outside temperature less than-25
0
C. At this 

temperature concrete has been cooling to -10
0
C for 24-36 hours. Testing by all-Union State 

Standard under such conditions is prohibited, but often further construction work depends on the 

possibility of structure loading. Therefore, it is necessary to have experimental calibration curve. 

Table 1 shows the comparison between strength determining data of 28-days-old concrete grades 

B15 and B25 in summer at a temperature of +20 ±3
0  

C (table 1) and the concrete of the same 

grades of winter compositions that solidified at low temperatures below -10
0  

C (tables 2 and 3) 

[24]. 

 

Table 1. The results of the control tests of concrete grades B15 and B25 at a temperature of +20 

± 3
0
С 

V
al

u
es

 

Concrete strength values, МPа, defined by means of  

 Grade В15  Grade В25 

Destructive method 

modeled upon cubes 

Non-destructive method 

in the structure 

Destructive 

method modeled 

upon cubes 

Non-destructive 

method in the 

structure 



In the 

batching 

plant 

labora-

tory 

In-situ indirect 

CST (Hi) 

 

Direct 

Shear test 

(Riф) 

In the 

batching 

plant 
labora-

tory 

In-situ Indirect 

CST (Hi) 

 

Direct 

Shear 

test 

(Riф) 

U
n
it

 v
al

u
es

 

21,6; 

22,3 

24,0; 

21,7 

22,8; 23,0; 

23,6; 23,9 
21,9 

32,7; 

34,8 

32,3; 

35,5 

36,2; 32,6; 

35,3; 36,0 
34,1 

24,1; 

20,9 

22,6; 

21,4 

23,7; 24,4; 

22,0; 20,1 
21,9 

32,3; 

33,0 

31,9; 

32,9 

33,4; 31,8; 

35,1; 32,9 
34,9 

22,8; 

21,8 

23,4; 

19,5 

23,0; 22,6; 

23,3; 23,1 
22,9 

34,7; 

36,1 

32,3; 

36,8 

37,2; 35,9 

36,8; 40,1 
36,6 

20,9; 

22,7 

19,8; 

22,7 

19,8; 19,4; 

24,2; 23,7 
22,5 

34,6; 

35,1 

31,9; 

35,2 

38,1; 37,5; 

39,3; 37,2 
35,2 

23,0; 

24,2 

23,9; 

19,5 

22,4; 23,6; 

25,0; 25,3 
23,3 

35,6; 

32,6 

34,9; 

36,7 

36,6; 36,2; 

37,1; 39,4 
36,3 

A
v
er

ag
e 

22,4 21,9 23,2 22,0 34,2 34,0 36,2 35,5 

⃰ⱱ 5,20 8,07 8,55 7,35 4,02 5,83 7,17 5,38 

Compensation coefficient 
0,81 

 
0,76 

 

coefficient a 0,76 0,49 

coefficient b 4,9 16,5 

⃰ⱱ - coefficient of variation 

Table 2. The results of the control tests of concrete grades B15 and B25 

at a temperature of -10 
0
С 

 

V
al

u
es

 

Concrete strength values, МPа, defined by means of 

Grade В15 Grade В25 

Destructive method 

modeled upon cubes 

Non-destructive method 

in the structure 

Destructive 

method modeled 

upon cubes 

Non-destructive method 

in the structure 

In the 

batching 

plant 

labora-

tory 

In-situ indirect 

CST (Hi) 

 

Direct 

shear test 

(Riф) 

In the 

batching 

plant 
labora-

tory 

In-situ indirect 

CST (Hi) 

 

Direct 

shear test 

(Riф) 

U
n
it

 v
al

u
es

 

23,0; 

21,9 

13,6; 

15,1 

16,2; 16,7; 

19,1; 18,4 
15,0 

33,0; 

33,8 

23,9; 

26,4 

29,8; 28,7; 

31,1; 30,7 
26,4 

23,2; 

21,8 

15,8; 

16,3 

16,5; 18,7; 

17,9; 18,4 
16,4 

31,9; 

32,5 

27,1; 

28,4 

32,1; 32,5; 

34,0; 32,5 
25,9 

22,5; 

22,9 

14,4; 

12,9 

15,7; 15,8; 

15,9; 16,3 
15,8 

34,7; 

35,1 

25,3; 

24,4 

30,1; 28,6; 

29,4; 27,5 
25,4 

21,0; 

22,3 

14,7; 

15,2 

16,0; 16,4; 

18,3; 18,9 
15,3 

36,6; 

35,1 

23,9; 

24,9 

26,5; 25,9; 

26,7; 28,4 
27,5 

24,0; 

23,2 

16,9; 

16,6 

19,1; 18,6; 

17,6; 18,2 
16,1 

34,7; 

36,0 

22,8; 

23,7 

26,7; 28,3; 

29,4; 29,2 
27,2 



A
v
er

ag
e 

22,6  15,1 17,4 15,7 34,3 25,1 29,4 26,5 

ⱱ 5,82 8,56 9,26 7,10 4,42 6,94 8,63 6,19 

Compensation coefficient 0,71  0,90  

coefficient a 0,42 0,47 

coefficient b 7,89 11,51 

Table 3. The results of the control tests of concrete grades B15 and B25 

at a temperature of -25 
0
С 

V
al

u
es

 

Concrete strength values, МPа, defined by means of 

Grade В15 Grade В25 

Destructive method 

modeled upon cubes 

Non-destructive method 

in the structure 

Destructive 

method modeled 

upon cubes 

Non-destructive method 

in the structure 

In the 

batching 

plant 

labora-

tory 

In-situ indirect 

CST (Hi) 

 

Direct 

Shear test 

(Riф) 

In the 

batching 

plant 

labora-

tory 

In-situ indirect 

CST (Hi) 

 

Direct 

shear test 

(Riф) 

U
n
it

 v
al

u
es

 

22,7; 

24,1 

18,4; 

19,0 

22,3; 19,4; 

18,8; 22,6 
18,0 

32,7; 

33,8 

28,6; 

28,1 

33,2; 34,2; 

34,9; 36,5 
32,1 

23,7; 

22,5 

16,3; 

17,4 

21,4; 19,8; 

19,4; 21,6 
19,6 

32,9; 

31,8 

25,1; 

23,9 

35,0; 34,8; 

37,6; 35,9 
30,8 

23,0; 

20,4 

16,2; 

14,8 

24,3; 22,9; 

24,5; 21,6 
18,9 

34,7; 

36,1 

23,4; 

28,6 

36,6; 37,2; 

36,1; 35,4 
30,4 

21,7; 

22,9 

14,9; 

16,8 

19,5; 19,1; 

19,4; 18,7 
18,4 

35,6; 

36,1 

27,1; 

25,2 

36,1; 36,0; 

35,2; 35,9 
29,6 

23,3; 

24,7 

17,1; 

14,5 

20,1; 21,6; 

23,3; 23,5 
17,0 

35,7; 

37,0 

24,0; 

28,2 

35,0; 35,7; 

36,0; 35,8 
28,4 

A
v
er

ag
e 

22,9 16,5 21,2 18,4 34,6 26,2 35,7 30,3 

ⱱ 5,32 9,17 9,79 7,90 5,04 8,05 8,88 6,99 

Compensation coefficient 
0,32 

 
0,20 

 

coefficient a -0,21 -0,14 

coefficient b 21,1 31,7 

The average test results analysis shows that the quality of concrete and the thoroughness of 

control are good enough, since the coefficient of variation does not exceed 15%. 

The strength of concrete samples made of concrete at site simultaneously with the structure 

and stored under the same conditions was slightly lower than the strength of structures and 

standard control samples. This trend is recorded in the analysis of several objects of different 

Customers. The average decrease in strength of structures concrete samples is 13,3%. Its value is 

effected by several factors. One of the main was the maintenance of the structure. Moreover, a 

smaller decrease in strength – 10,6% was observed for concretes of higher strength (B25), 

because they solidify faster and are less sensitive to temperature and humidity conditions. In 

addition, at lower temperatures there is an increase of the coefficient of variation when 



determining the strength, especially based on sample-cubes which are stored in similar 

conditions to structures. 

Conclusion 

According to the research it is the most reasonable to meet the requirement of achieving 70% 

or more of the structure strength for cast-in-situ construction in terms of winter pouring concrete 

at the time of structure stripping after heating. At the same time, along with the assessment of 

physical and mechanical properties of the structure by non-destructive methods, it is necessary to 

determine the actual concrete strength of control samples made in batching plant laboratory and 

solidified in permissible humidity conditions. 

It should be noted that one of the main problems of determining the strength value of cast-in-

situ reinforced concrete structures by non-destructive methods in the Northern regions is the 

"design age". According to all-Union State Standard 18105, the actual concrete class should be 

determined after 28 days, unless there are no other terms in reference documents, such as work 

execution rules (WER). In practice, there are situations when laboratories require testing the 28-

days-old concrete, for example, the test should be carried out in January if pouring concrete takes 

place in December. In Siberia, low temperatures have been lasting for about five months or 

longer (below -10
0
 C) and a concrete strength development after heating  is actually impossible. 

According to reference documents supervision agencies may require the builders to show the 

test reports with the compliance results (or non-compliance results) of the strength value to the 

design requirement at the age that was mentioned in January. However, in practice the concrete 

is not strong enough because of low temperatures. It is impossible to warm up the structure at the 

temperature of 20
0
С for 21-28 days, because it is very energy-consuming. It significantly reduces 

the speed of buildings construction and results in increase of construction cost in winter. When 

the building is being constructed it is impossible to wait for constant high temperatures in order 

to achieve the design strength of the concrete. To ensure the continuity of the process builders 

have to carry out subsequent work, since the duration of the period is up to 4-6 months. 

However, with the continuous construction of structures many of them will not be available for 

strength determination by the time of positive temperatures. 

So, the next stage of the research will be aimed at the determination of strength development 

speed of different concrete grades since melting time. 
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