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Abstract. Рurpose. The aim of the work is to study the shrinkage of keralite 
concrete on carbonate sand including under the influence of composition factors.

Methodology. The study of shrinkage and creep of keralite concrete on car-
bonate sand was carried out according to the method of experiment planning.

The factors taken as factors are:
1.Cement consumption C, kg/m3 – Х1.
2.Aggregate-structural factor r – Х2.
3.Age of concrete by the moment of loading t0, days.- Х3. 
Shrinkage strains were determined according to the requirements of [10].
Results. Our experiments and experiments [4; 9; 13; 14; 17] confirmed the 

known rule about the independence of the effect of cement consumption within the 
usual norms for obtaining mixtures of the same mobility. Consequently, an increase 
in cement consumption at constant water consumption leads to an increase in the 
strength and relative volume of crystalline aggregate, which, like inert aggregate, 
has a restraining effect on the volumetric changes in the gel accompanied by con-
crete shrinkage. Water is the cause of moisture-physical phenomena in cement stone 
causing its shrinkage. Therefore, for the most complete reflection of the influence of 
composition factors, it is necessary to introduce water consumption into the structure 
of the dependence. 

Scientific novelty. The consistent application of dispersion, correlation and 
regression analyses of the results of experimental studies allowed to establish the 
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structure of dependence between εsc(∞, tw) and the composition factors W, C, r, to 
determine the coefficients at the regression terms and the necessary static charac-
teristics. 

Practical significance. Prediction of shrinkage strain limits εsc(∞, tw) is im-
portant for their normalisation and further design of concrete compositions. However, 
the practical use of the regression equation for predicting εsc(∞, tw) is difficult be-
cause it only indirectly takes into account the influence of such a factor as the amount 
of mixing water.

Keywords: shrinkage deformation, water, cement, concrete, regression equa-
tion, aggregate-structural factor.

INTRODUCTION
Increasing the reliability of predicting the 

magnitude of shrinkage deformations of keralite 
concrete on carbonate sand is associated with 
the need for further studies of various factors, 
and, first of all, formulation factors. In connec-
tion with these research objectives was to clarify 
the influence of formulation factors on the de-
velopment in time and the limiting values of 
shrinkage deformations, the establishment of 
dependencies for calculating the limiting values 
of shrinkage deformations and their develop-
ment in time, taking into account the main char-
acteristics of the composition of keralite con-
crete on carbonate sand.

ANALYSES OF PAST STUDIES
Numerous studies of concrete on dense 

and porous aggregates [1; 5–8; 12; 15; 19] 
have made it possible to classify the factors af-
fecting shrinkage deformations in several ways. 
These are factors related to the formulation and 
technology of concrete preparation, operating 
conditions and environmental effects, etc. 

PURPOSE
To identify the nature and degree of influ-

ence of formulation factors on shrinkage defor-
mations depending on the age of keralite con-
crete. Therefore, it seems appropriate to analyse 
the change of regression coefficients in mathe-
matical models at different ages of observation.

RESULTS AND DISCUSSION
Formulation and technological factors 

have a determining influence on shrinkage de-
formations. The peculiarities of concrete on po-
rous aggregates increase their influence [11; 
16; 20].

Approximate dependences [2; 3; 18], ob-
tained from the average values of experimental 
values of shrinkage deformations do not fully 
take into account the peculiarities of keralite 
obeton on carbonate sand and cannot provide 

the required reliability of shrinkage deformation 
calculation at the design stage.

This problem was solved by constructing 
and analysing regression equations estimating 
the influence of cement consumption and 
aggregate-structural factor on relative shrinkage 
deformations εsc(∞, tw) at concrete ages t=14, 
28, 90, 180, ∞ days. Table 1 shows the values of 
coefficients at regression terms for the obtained 
equations and their statistical characteristics.

Verification by Fisher's criterion showed 
the adequacy of the models to the experimental 
values of shrinkage deformations at each of the 
considered ages (Fad<Ftab.) and their information 
value (Finf. >Ftab.). Preliminary analysis of the 
coefficients at the regression terms in the 
obtained regression equations shows that the 
increase in the age of keralite concrete leads 
to a change in the nature of the influence of 
formulation factors on shrinkage deformations.

In order to assess the statistical 
significance of these changes, the calculated 
values of shrinkage strains at each of the 
adopted concrete ages were determined using 
the mathematical models by substituting the 
coded values of factors X1 and X2 into the above 
equations. These values were taken as initial 
values for further analyses.

The statistical significance of these 
changes in the nature of the influence of the 
studied factors on the shrinkage deformations 
was assessed by the methods of dispersion 
analysis.

One of the prerequisites for the use of 
analysis of variance in this case is to check the 
homogeneity of the reproducibility variance due 
to experimental error. This error is characterised 
by the dispersion values calculated at each of 
the considered ages on samples whose concrete 
composition is determined by zero levels of 
the investigated factors. The test of the null 
hypothesis by the Hartley criterion confirmed 
their homogeneity. It follows that, firstly, all 
factors, except the formulation, in the conditions 
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of these experimental studies do not have 
a statistically significant effect on shrinkage 
deformations; secondly, for further analysis, 
the average variance of reproducibility can be 
accepted:
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The regularities of connection between 
the limiting values of shrinkage deformations  
εsc(∞, 1) and the investigated factors of compo-
sition C and r are expressed by the regression 
equation, the coefficients of which are given in 
Table 2 for t = ∞. The analysis of the influence 
of these factors on εsc(∞, tw) is given above.

Analysis of significant coefficients at re-
gression terms shows that shrinkage deforma-
tions at all ages of concrete depend linearly on 
cement consumption. The aggregate-structural 
factor r has a greater influence (2–4 times) than 
cement consumption on εsc(t, tw). It has a non-
linear character. The effect of interaction of the 
investigated factors is manifested only in the 
early age of concrete and practically disappears 
by 90 days.

Consecutive application of dispersion, cor-
relation and regression analyses of the results 
of experimental studies allowed to establish the 
structure of dependence between εsc(∞, tw) and 

Table 1 
Coefficients and static characteristics of regression equations εsc (t, 1) ·105
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t, day b0 b1 b2 b11 b22 b12 Fад. Ftabl. Finf. Ftabl. S2εSC CV εSC,% FP
max 0,05 FT

max 0,05

14 15 1* 5 -1* 0,6* 3 4,18 19,33 7,96 4,06 4,2 11,6 14,6 18,7

28 36 -11 18 -2* 8 -9 5,27 19,25 50,4 4,74 11,5 9,5 5,4 16,3

90 81 -24 65 7* 21 -7* 2,64 19,3 40,2 4,74 31,6 7,2 2,2 13,7
180 117 -23 81 12* 16 -2* 1,32 19,33 7,1 5,96 44,7 6,1 1,8 10,8
∞ 127 -20 84 13* 22 1* 0,78 19,33 68,7 4,06 61,8 6,3 - -

Note: Asterisk indicates statistically insignificant coefficients.

Table 2
Statistical characteristics of shrinkage deformations εsc
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1 C at
r = 0,25 7,3 0,915 14,8 24,7 5,3 10,6 42,7 305,3 46,2 60,0 489,0 41,6 73,3 432,3 32,0

2 C at
r = 0,625 14,3 1,4 7,2 34,7 122,3 12,0 86,7 592,3 31,6 125,0 577,0 21,7 135,7 456,3 17,8

3 C at
r = 1 17,3 14,3 24,8 60,7 401,3 37,2 172,7 977,3 20,4 222,0 673,0 13,2 239,0 784,0 13,2

4 r at
C = 250кг/м³ 15,7 9,3 21,9 61,0 313,0 32,7 127,0 5331 64,8 162,7 6974 57,9 176,0 7761 56,5
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the composition factors W, C, r, to determine the 
coefficients at the regression terms and the nec-
essary static characteristics.

Taking into account the results of the anal-
ysis of the influence of composition factors on 
shrinkage deformations, a generalised compo-
sition factor X = (W/C) + r was assigned as an 
argument. The random variables X = (W/C) + 
r and εsc(∞, tw) obey the law of normal distri-
bution. The test of the null hypothesis that the 
general correlation coefficientis Н0:ρxy=0 equal 
to zero is rejected in favour of the alternative 
hypothesis, indicating a linear relationship be-
tween εsc(∞, tw) and X = (W/C)+r. Subsequent 
regression analysis allowed us to determine the 
coefficients at the regression terms

εsc( ∞, 1) ·105=1447[ (W/C) + r ]-73,1,  (1)

The development in time of the shrinkage 
process of keralite concrete on carbonate sand 
can be approximated reliably enough by the 
dependence

εsc(t , tw) =  εsc( ∞, tw) (1-е-αs(t-tw)),    (2)

where αs- shrinkage growth rate parameter 
in time.

Mathematical and static processing of 
experimental values of εsc(t, tw), allowed for 
each concrete composition to establish the value 
of the parameter αs and its relationship with the 
studied factors in the form of a second degree 
polynomial

αs = 0,0124-0,0311Х1 +0,0042Х2 – 
– 0,0031Х1Х2  + 0,0002Х1

2 + 0,0006 Х2
2, (3)

Correlation and regression analyses 
allowed us to establish the existence and type 
of dependence between the shrinkage growth 

rate over time parameter αsand the generalised 
composition factor (W/C) + r.

αs=0,0101[(W/C) + r],              (4)

Taking into account the obtained 
equations (1) and (4), the dependence (2) can 
be represented in the following form

εsc(t, 1) =[144,7(W/C+r) –73,1]·
· [1-е-0.0101(W/C+r)(t-1)],                (5)

Dependence (5) is convenient because 
it allows to predict shrinkage deformations 
of keralite concrete on carbonate sand at any 
moment of time t>1 day. This dependence can 
be used to normalise intermediate values of 
shrinkage deformations of keralite concrete on 
carbonate sand.

The analysis of this equation allows us 
to draw the following conclusions: the rate 
of increase of shrinkage deformation in time 
depends on both factors, and the factor X2 has 
1.5 times more influence than the factorX1; there 
is a linear relationship between the parameter αs 
and the considered factors, provided that one 
of them takes fixed values; reduction of cement 
consumption and increase in the content of 
carbonate sand in the aggregate mixture leads 
to an increase in the rate of increase of shrinkage 
deformation in time.

Mathematical and statistical calculations 
and statistical characteristics of regression 
equation (4) are given in Table 3.

CONCLUSIONS
1. Shrinkage deformations of keralit 

concrete on carbonate sand are subject to the 
basic laws inherent in concrete on other types 
of aggregates. The available dependencies 

5 r at
C = 400кг/м³ 15,0 25,0 7,3 41,3 343,8 50,5 96,0 288,0 19,9 127,7 5307 50,6 139,7 6681 65,9

6 r at
C = 550кг/м³ 15,7 29,2 12,3 28,3 100,3 39,2 79,0 3511 84,5 116,7 6326 76,8 132,3 6594 69,2

Continuation of the table 2

Table 3
Statistical characteristics of the equations regressions εsc (t, 1) and αs.

№  
equa-
tions

Average values Dispersion Correlation coeffi-
cients

A measure 
of indi-

vidual dis-
persion δεS

Critical value of 
the sample cor-

relation coefficient 
/r/1-α/2Хav Yav Sx

2 Sy
2 rxy

ρxy  at  
α=0.05

4.1 1,405 130 0.246 6653 0,68 ≠0 63,9 0,602
4.4 1,405 0,0142 0,246 0,0002 0,53 ≠0 0,014 0,602
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for predicting the shrinkage deformations of 
concrete do not fully take into account the 
peculiarities of keralitic concrete on carbonate 
sand and cannot provide the required reliability 
of the calculation.

2. The shrinkage strains are statistically 
significantly dependent on formulation factors, 
loading age and observation time, and the level 
of acting stresses.

3. It is recommended to use dependence 
(2) to predict shrinkage deformations of 
keralite concrete on carbonate sand with known 
characteristics of concrete. The values of εsc(∞, 
tw)  and εsc( ∞, 1) are recommended to be 
calculated by expressions (1). 
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АНОТАЦІЯ 

Столевич І., Постернак О., Ковтуненко О., Петраш С., Уразманова Н. 

Дослідження деформацій усадки кералітобетону на карбонатному піску
Мета. Метою роботи є дослідження усадки кералітобетону на карбонатному 

піску в тому числі під впливом факторів складу. 
Методологія. Дослідження усадки і повзучості кералітобетону на карбо-

натному піску проводили за методикою планування експерименту.
В якості факторів прийняті:
1.Витрата цементу Ц, кг/м3 –X1.
2.Агрегатно-структурний фактор r – X2.
3.Вік бетону до моменту завантаження t0,  діб. – X3. 

Деформації усадки визначались у відповідності з вимогами [10].
Результати. Наші досліди і досліди [4; 9; 13; 14; 17] підтвердили ві-

доме правило про незалежність впливу витрати цементу в межах звичайних 
норм для отримання сумішей однакової рухомості. Отже, збільшення витрати 
цементу при постійній витраті води, призводить до підвищення міцності та від-
носного об’єму кристалічного зростку, який, як і інертний заповнювач, здійснює 
стримуючий вплив на об’ємні змини гелю, що супроводжуються усадкою  
бетону.

Причиною вологофізичних явищ у цементному камені, що викликають його 
усадку, є вода. Тому для найбільш повного відображення впливу факторів складу 
в структуру залежності необхідно ввести витрату води. 

Наукова новизна. Послідовне застосування дисперсійного, кореляційного 
і регресійного аналізів результатів експериментальних досліджень дозволило 
встановити структуру залежності між  εsc(∞, tw) і факторами складу В, Ц, r, визна-
чити коефіцієнти при членах регресії та необхідні статичні характеристики. 

Практична значущість. Прогнозування граничних величин деформацій 
усадки εsc(∞ ,tw) має важливе значення для їх нормування і подальшого про-
ектування складів бетону. Однак практичне застосування рівняння регресії для 
прогнозування εsc(∞,tw) складно, оскільки воно лише непрямим чином враховує 
вплив такого фактору, як кількість води затворення.

Ключові слова: деформації усадки, вода, цемент, бетон, рівняння регресії, 
агрегатно-структурний фактор.
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