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Abstract. The aim of the work is to study the creep behavior of keralite con-
crete on carbonate sand including under the influence of composition factors and the 
initial relative stress level. 

Methodology. The study of creep of keralite concrete on carbonate sand was 
carried out according to the experiment planning technique. Experiments to deter-
mine the creep strain were carried out according to the Box-Benken plan of dimen-
sion K=3. The factors taken as factors are: cement consumption (С), kg/m3 -X1;  
the aggregate structural factor r is X2; age of concrete by the time of loading (t0), 
days. – X3. Creep strains were determined in accordance with the requirements 
of  [10]. The limiting relative and specific creep strains were determined according to 
the method described in [10]. In accordance with this methodology, to calculate the 
conditional-limit value of relative creep strains, a regression line should be drawn in 
coordinates [Δt/ εсс(t,t0,σ); Δt]. The values of the cotangent of the angle of slope of a 
line are given by their marginal value at the midpoints of the measurement.

Results. To solve applied problems of the theory of reinforced concrete taking 
into account its creep, it is important to determine the main factors affecting creep 
and to establish appropriate dependencies that allow predicting these deformations.

The determining influence on creep deformations is exerted by formulation and 
technological factors. The peculiarities of concrete on porous aggregates intensify 
their influence, which was confirmed by our research.
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Scientific novelty. Of all the variety of factors influencing creep deformations, 
on which the formation and establishment of keralite concrete as a material depends, 
the cement consumption, water consumption and concentration of keralite gravel 
should be referred to the most significant ones. The age of the keralite concrete at 
the time of stress application and the initial relative stress level also have a signifi-
cant influence on these deformations.

One of the objectives of the research was to clarify the influence of formulation 
factors, age of keralite concrete and initial stress level on the development in time 
and limiting values of creep deformations.

Practical relevance. Mathematical and static analysis of the given experimental 
data of development in time of specific relative creep deformations С(t,t0,σ) keralite 
concrete of investigated compositions, loaded at ages t=7,28,115 days with initial rela-
tive stress levels η(t0)=σ(t0)/fcd(t0)=0,2;0,6;0,8, and specific linear creep strains C(t,t0) 
of keralite concrete of the same compositions and at the same loading ages, allowed to 
determine their limiting values. Studies [8,18] have confirmed a high degree of accu-
racy in predicting the ultimate creep characteristics using this methodology. In addition, 
in comparison with other methods, it is more universal and less labor-intensive.

Keywords: creep deformation, water, cement, concrete, regression equation, 
aggregate-structural factor.

INTRODUCTION
The reliability of predicting the creep 

strain values of keralite concrete on carbonate 
sand must be increased. For this purpose fur-
ther research is needed of various factors and, 
first of all, formulation factors. The influence of 
formulation factors on the development in time 
and the magnitudes of creep strains were clari-
fied. The dependencies for calculating the mag-
nitudes of creep strains and their development 
in time, taking into account the main character-
istics of the composition of keralite concrete on 
carbonate sand were established.

ANALYSIS OF PREVIOUS STUDIES
The results of creep studies can be ex-

pressed in relative strains, measures and creep 
characteristics. Depending on the formulation of 
the research problem, experimenters use different 
quantities. In the most perfect phenomenological 
theory of creep – the theory of elastic creep – 
the specific relative creep strains are taken as the 
main index characterizing the creep of concrete. 
Therefore, for the convenience of general anal-
ysis of the conducted creep studies, construction 
of dependencies for prediction of creep strains, as 
well as comparing the obtained results with the 
studies of other authors, in this paper the data 
are presented in specific creep strains.

OBJECTIVE
Identification of the nature and degree 

of influence of the factors of composition, age 
at the time of loading and initial relative stress 
level on creep deformations.

RESULTS AND DISCUSSION
Relative creep deformations εсс(t,t0,σ) 

from the action of constant compression stresses 
σ applied at time t0 were determined as an al-
gebraic difference of total strains of loaded and 
unloaded twin specimens. Specific relative creep 
strains C(t, t0, σ) were determined as the ratio of 
relative creep strains εss(t,t0,σ) to stresses σ(t0) 
in the specimens at a given initial stress level. 
The required initial relative stress level was de-
termined from the relationship σ(t0)/Rin(t0).

Analysis of the experimental data C(t,t0,σ) 
and C(t,t0) shows that the development in time 
of deformations of keralite concrete on car-
bonate sand obeys the laws inherent in other 
types of concrete [2–4; 7; 11–14] and is charac-
terized by a sufficiently high initial velocity in the 
first hours after loading with subsequent slow 
decay over time.

The regression of specific relative and 
specific linear creep strains on cement con-
sumption, aggregate-structural factor and age 
of keralite concrete by the moment of loading 
was evaluated by mathematical models built on 
the basis of their limiting values. Verification by 
Fisher’s F-criterion showed the adequacy of the 
models (Fad. < Ftable ) and their information value 
(Finf. >Ftable ).

The average coefficient of variation CVc, 
characterizing the error of the experiment, 
is calculated from the results of determining 
C(∞,t0,σ) and C(∞,t0) on samples with zero 
levels of the studied factors. Its values indicate 
a sufficiently high homogeneity of C(∞,t0,σ) 
and C(∞,t0) and insignificant influence on these 
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characteristics of factors not taken into account 
in the study. The null hypothesis of homogeneity 
of the series of mean values of the coefficient of 
variation H0: CVc(0)=CVc(0,2)=CVc(0,6)=CVc(0,8) 
is not rejected. Hence, the initial relative stress 
levels η(t0)=σ(t0)/Rv(t0) have a statically signif-
icant effect on the scatter of the experimental 
values of the limiting values of C(∞,t0,σ) and 
C(∞,t0).

As can be seen from the numerical values 
of the regression coefficients, at any relative 
stress levels, the aggregate-structural factor is 
the most significant. An increase in the relative 
volume content of carbonate sand in the aggre-
gate mixture and, consequently, an increase in 
the volume of the mortar part of the concrete 
leads to an increase in creep. This can appar-
ently be explained by the decrease in the re-
straining effect that keralite gravel granules 
have on the creep of the mortar part of the con-
crete. Similar results of the effect of expanded 
clay gravel concentration on creep strains were 
obtained in [17]. The dependence of creep 
strains on this factor, regardless of the initial 
relative stress levels, is linear. Changing the rel-
ative volume content of carbonate sand in the 
range of 0.25-1 leads to an increase in the lim-
iting values of C(∞,t0,σ) at the age of loading 
t0=28 days. at cement consumption 250 and 
550 kg/m3 respectively in 5.8 and 3.6 times, and 
limit values C(∞,t0) under the same conditions 
in 5.5 and 4.2 times. At the ages of keralite con-
crete loading t0=7 and 115day, the variation of r 
within the same limits at a cement consumption 
of 400 kg/m3 leads to an increase in C(∞,t0,σ) 
by 4 and 5.8 times, respectively, and C(∞,t0) by 
3.4 and 4.8 times.

The second most important factor in 

influencing creep deformations is cement con-
sumption. Numerous studies of heavy and light-
weight concrete [1,5,6,9,15,16,19,20] have 
established that there is a clear relationship 
between creep deformations and cement con-
sumption: increasing cement consumption re-
duces creep deformations. 

In our studies, we found that it has an 
ambiguous effect on C(∞,t0,σ) and C(∞,t0), 
depending on the levels of aggregate-struc-
tural factor r. Figure 1 shows as an example the 
dependence of specific linear relative strains 
C(∞,28) on cement flow rate at different values 
of aggregate-structural factor. This figure shows 
that when keralite gravel is absent in the mix-
ture (curve r=1 in Fig. 1) or its low concen-
tration (at r >0.65), increasing cement con-
sumption lowers the limiting values of C(∞,t0). 
Increasing the concentration of keralite gravel in 
the mixture (at r >0.65) causes an ambiguous 
dependence of C(∞,t0) on cement flow rate. We 
noticed that at any value of r in the range from 
0.25 to 0.65 there is an optimal cement flow 
rate Tsopt at which C(∞,t0) take the minimum 
possible values. Thus, at r = 0.25 the optimum 
cement consumption Tsopt is 390 kg/m3, and at 
r = 0.625 Tsopt is 510 kg/m³. In these cases, an 
increase in cement consumption from 250 kg/m3  
to Tsopt causes a decrease in C(∞,t0), and its 
increase from Tsopt to 550 kg/m3 causes an in-
crease in this characteristic. The analysis of the 
equations showed that the qualitative character 
of the dependence of C(∞,t0) on cement con-
sumption is preserved for specific relative creep 
strains C(∞,t0,σ). Apparently, this character of 
dependence is caused by the active influence of 
aggregates on creep strains.

In many works [11; 12], the age of 

 
Fig.1. Dependence of ultimate linear relative creep strains on cement consumption  

at the age of loading of keralite concrete t0 =28 days
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concrete at the time of loading with a long-
term load is considered as one of the most 
important factors affecting its creep deforma-
tion. The vast majority of researchers come to 
the conclusion that as the age of concrete in-
creases at the time of loading, its creep strain 
decreases. This is mainly due to the hardening 
of the concrete structure over time and the 
consequent reduction in the level of acting 
stresses. Although there are studies [17], the 
results of which show that when loading spec-
imens of different ages with the same stress 
levels, the creep of concrete loaded at a later 
age is greater than at a younger age. This is 
mainly due to the significant increase of con-
crete strength over time observed in these ex-
periments. The effect of the age of concrete by 
the time of loading with a long-term load on 
the development of creep deformations can be 
smoothed out.

In our studies, the effect of the age of ker-
alite concrete on carbonate sand at the time of 
loading with a long-acting load on creep strains 
obey the basic laws inherent in other types of 
concrete, although the quantitative estimates 
are different. Earlier loading of concrete with the 
same stress level leads to higher creep strain 
limits. Evaluating the influence of the age of con-
crete at the time of loading, it can be concluded 
that of all the factors considered, it has the least 
influence on creep strains. The dependence of 
C(∞,t0,σ) and C(∞,t0) on lgt0 is almost linear at 
all loading levels η(t0). The effect of age of con-
crete by the time of loading on creep strains is 
independent of the levels of other factors ex-
cept cement consumption (X1) at η(t0)=0.6 
and 0.8. Loading of keralite concrete with the 

accepted stress levels at ages from t0 =7 to  
115 days. leads to a change in the limiting values 
of C(∞,t0,σ) and C(∞,t0) by an average of ±28% 
with respect to these characteristics of concrete 
loaded at ages t0 =28 days.

In all specimens on which creep was in-
vestigated, accelerated development of defor-
mations was observed during holding time at 
the stages and in the first day after loading with 
a long-term load. These rapidly flowing plastic 
deformations determine the nonlinearity and 
account for a significant fraction of the total 
strains.

The analysis of the values of creep strain 
limits suggests that the creep strain non-
linearity may depend on the level of acting 
stresses, the composition of keralite concrete 
and its age at the moment of loading. The ratio  
fc=C(∞, t0, σ) /C(∞, t0) is taken as a character-
istic of creep deformation nonlinearity.

The values of C(∞, t0, σ) and C(∞, t0) 
were used to obtain the numerical characteris-
tics of the nonlinearity. The values of fc deter-
mined in this way are given in Table 1. A clear 
enough dependence of fc value on the level of 
acting stresses and composition of keralite con-
crete is traced. 

The results of statistical parameters 
given in Table 2 show that at all loading levels 
the following condition is fulfilled: tcalcul.<tα,k

table.. 
Consequently, the age of the keralite concrete 
at the time of loading with a long-term load 
has no statically significant effect on the creep 
strain nonlinearity. This allows us to consider 
the data on the creep strain nonlinearity in-
dependently of the loading time of the speci-
mens.

Table 1
Experimental values of nonlinearity characteristic fc 

№
lines
plan

№
composition

Age
of loading t0, days

fc at σ(t0) / fcd(t0)

0 0,2 0,6 0,8

1 I 28 1 1,09 1,57 2,42
2 II 28 1 1 1,16 1,25
3 III 28 1 1,02 2,15 2,85
4 IV 28 1 1 1,11 1,50
5 V 115 1 1 1,57 1,97
6 V 7 1 1 1,15 1,32
7 VI 115 1 1,01 1,17 1,45
8 VI 7 1 1,21 1,99 2,31
9 VII 115 1 1,17 1,73 2,19
10 VII 7 1 1,18 1,55 1,87
11 VIII 115 1 1 1,30 2,37
12 VIII 7 1 1,06 1,17 1,59
13 IX 28 1 1,04 1,16 1,49
14 IX 28 1 1,01 1,16 1,48
15 IX 28 1 1,02 1,13 1,52
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CONCLUSIONS
1. Creep deformations of keralite concrete 

on carbonate sand obey the basic laws inherent 
in concrete on other types of aggregates. The 
available dependencies for predicting creep de-
formations of concrete do not fully take into ac-
count the peculiarities of keralite concrete on 
carbonate sand and cannot provide the required 
reliability of the calculation.

2. Creep strains are statistically signifi-
cantly dependent on formulation factors, age 
of loading and time of observation, and level of 
acting stresses.

3. The basic dependencies of the heredi-
tary theory of aging form the basis of the meth-
odology for predicting creep deformations of 
keralite concrete on carbonate sand.
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АНОТАЦІЯ 

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

Дослідження деформацій повзучості кералітобетону на карбонатному 
піску

Метою роботи є дослідження повзучості кералітобетону на карбонатному 
піску, зокрема, під впливом факторів складу й початкового відносного рівня на-
пружень.

Методологія. Дослідження повзучості кералітобетону на карбонатному 
піску проводилося за методикою планування експерименту. Досліди з визначення 
деформації повзучості проводилися за планом Бокса – Бенкена розмірності K=3. 
Як фактори прийняті: витрата цементу (С), кг/м3 – X1; агрегатно-структурний 
фактор r – X2; вік бетону до моменту завантаження (t0), діб – X3. Деформації 
повзучості визначені відповідно до вимог [8]. Граничні відносні та питомі дефор-
мації повзучості визначені відповідно до методики, описаної у [8], відповідно до 
якої для обчислення умовно-граничного значення відносних деформацій повзу-
чості варто побудувати лінію регресії в координатах [Δt/ εсс(t,t0,σ); Δt]. Значення 
котангенса кута нахилу прямої дає їх граничне значення по середніх точках ви-
мірювання.

Результати. Для розв’язання прикладних задач теорії залізобетону з ура-
хуванням його повзучості важливо визначити основні фактори, що впливають на 
повзучість, і встановити відповідні залежності, що дають змогу прогнозувати ці 
деформації. Визначальний вплив на деформації повзучості надають рецептурні 
й технологічні фактори. Особливості бетонів на пористих заповнювачах поси-
люють їх вплив, що підтвердили наші дослідження.

Столевич І., Постернак О., Ковтуненко О., Петраш С., Уразманова Н. Дослідження деформацій повзучості 
кералітобетону на карбонатному піску. Теорія та практика дизайну. Архітектура та будівництво.  
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Наукова новизна. З усього різноманіття факторів, що впливають на де-
формації повзучості, від яких залежить формування й становлення кералітобе-
тону як матеріалу, до найбільш значущих варто зарахувати витрату цементу, 
води й концентрацію кералітового гравію. Вік кералітобетону до моменту при-
кладажння напружень та початковий відносний рівень напружень також мають 
значний вплив на ці деформації.

Одне із завдань досліджень – з’ясувати вплив рецептурних факторів, віку 
кералітобетону та початкового рівня напружень на розвиток у часі й граничні 
значення деформацій повзучості.

Практична значущість. Математико-статичний аналіз наведених до-
слідних даних розвитку в часі питомих відносних деформацій повзучості  
С(t, t0, σ) кералітобетону досліджених складів, навантажений у віках t = 7,28,115 
діб з початковими відносними рівнями напружень η(t0)=σ(t0)/fcd(t0)=0,2;0,6;0,8, 
а також питомих лінійних деформацій повзучості C (t, t0) кералітобетону од-
накових складів і за однакового віку навантаження, дали б змогу визначити 
їх граничні значення. Дослідження [4; 5] підтвердили високий ступінь точ-
ності прогнозування кінцевих характеристик повзучості за допомогою цієї мето-
дики. Крім того, порівняно з іншими методами, він більш універсальний і менш  
трудомісткий.

Ключові слова: деформація повзучості, вода, цемент, бетон, рівняння ре-
гресії, агрегатно-структурний фактор.
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