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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 (C), kg/m° -X,;
the aggregate structural factor r is X,; age of concrete by the time of loading (t,),
days. - X,. 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 [At/ €_(t,t, 0); At]. 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 C(t,t,o) keralite
concrete of investigated compositions, loaded at ages t=7,28,115 days with initial rela-
tive stress levels n(t,)=o(t,)/f_(t,)=0,2,0,6,0,8, and specific linear creep strains C(t,t,)
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 ¢ (t,t;,0)
from the action of constant compression stresses
o applied at time t, were determined as an al-
gebraic difference of total strains of loaded and
unloaded twin specimens. Specific relative creep
strains C(t, t,, o) were determined as the ratio of
relative creep strains €_(t,t,,0) to stresses o(t,)
in the specimens at a given initial stress level.
The required initial relative stress level was de-
termined from the relationship o(t,)/R, (t,)-

Analysis of the experimental data C(t,t,,0)
and C(t,t,) 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 (F,,. <F_,.) and their information value
(Finf. >|:table '

The average coefficient of variation C,,
characterizing the error of the experiment,
is calculated from the results of determining
C(o,t,,0) and C(oo,t)) on samples with zero
levels of the studied factors. Its values indicate
a sufficiently high homogeneity of C(,t,0)
and C(oo,t;) and insignificant influence on these

table
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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 H: C,(0)=C,(0,2)=C,(0,6)=C,(0,8)
is not rejected. Hence, the initial relative stress
levels n(t,)=0o(t,)/R (t,) have a statically signif-
icant effect on the scatter of the experimental
values of the limiting values of C(o,t,,0) and
C(oo,t,).

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(,t,,0) at the age of loading
t,=28 days. at cement consumption 250 and
550 kg/m?3 respectively in 5.8 and 3.6 times, and
limit values C(o,t,) under the same conditions
in 5.5 and 4.2 times. At the ages of keralite con-
crete loading t,=7 and 115day, the variation of r
within the same limits at a cement consumption
of 400 kg/m? leads to an increase in C(,t,,0)
by 4 and 5.8 times, respectively, and C(o,t,) by
3.4 and 4.8 times.

The second most important factor in

C (=.,28)10*
MPa-!

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(oo,t,0) and C(oo,t),
depending on the levels of aggregate-struc-
tural factor r. Figure 1 shows as an example the
dependence of specific linear relative strains
C(0,28) 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(oo,t,).
Increasing the concentration of keralite gravel in
the mixture (at r >0.65) causes an ambiguous
dependence of C(oo,t;) 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 Ts , at which C(oo,t)) take the minimum
possible values. Thus, at r = 0.25 the optimum
cement consumption Ts_  is 390 kg/m?, and at
r=0.625Ts , is 510 kg/m3. In these cases, an
increase in cement consumption from 250 kg/m?3
to Ts,, causes a decrease in C(oo,t)), and its
increase from Ts_  to 550 kg/m? causes an in-
crease in this characteristic. The analysis of the
equations showed that the qualitative character
of the dependence of C(o,t;) on cement con-
sumption is preserved for specific relative creep
strains C(oo,t,,0). Apparently, this character of
dependence is caused by the active influence of
aggregates on creep strains.

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

250 350

450 C. kg/m’

Fig.1. Dependence of ultimate linear relative creep strains on cement consumption
at the age of loading of keralite concrete t,=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(oo,t,,0) and C(o,t,) on Igt, is almost linear at
all loading levels n(t,). 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 (X,) at n(t,)=0.6
and 0.8. Loading of keralite concrete with the

accepted stress levels at ages from t, =7 to
115 days. leads to a change in the limiting values
of C(oo,t,,0) and C(o,t,) by an average of £28%
with respect to these characteristics of concrete
loaded at ages t, =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
f =C(oo, t,, 0) /C(, t,) is taken as a character-
istic of creep deformation nonlinearity.

The values of C(o, t, o) and C(o, t,)
were used to obtain the numerical characteris-
tics of the nonlinearity. The values of f_ deter-
mined in this way are given in Table 1. A clear
enough dependence of f_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: t=«! <t bt
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 f,

N2 f_at o(t fed(t

lines Ne Age -2t o(t,) / fed(t,)

plan composition of loading t,, days 0 0,2 0,6 0,8
1 I 28 1 1,09 1,57 2,42
2 I 28 1 1 1,16 1,25
3 111 28 1 1,02 2,15 2,85
4 v 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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Table 2
Statistical parameters f_
o(t,))/ fcd (t,)
No. . Age of o o Tabular
of the | Composition loadin value of
p_lan number t dayg 0,2 0,6 0,8 Stl:lde|_1t's
Ilne o fc Sfc2 tcalc fc sfc2 tcalc fc sfc2 tx:alc crlterlon
6 \%
8 VI 7 1,11 | 0,010 1,47 | 0,157 1,77 0,179
10 VII I I I 1 I !
12 VIII
0,88 0,23 0,74 2,447
5 \%
; \\//111 115 | 1,05 | 0,007 1,44 | 0,065 1,99 | 0,422
11 VIII
CONCLUSIONS [6] Petr Havlasek, Vit Smilauer, Lenka Dohnalové,

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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Cronesnuy 1., lMNocrtepHak O., KoBTyHeHko O., lNerpaw C., YpazMaHoBa H.
Aocnig>xeHHa gegopmayii NoB3y4YOCTi KepasnitTobeToHy Ha Kap6OoHaTrHOMy

nicky

Mertoro poboTu € AOC/IAXKEHHS MOB3Y4YOCTi KepariTobeToHy Ha KapboHaTtHoOMy
nicky, 30Kpema, nig BranBoM (paKkTopiB CKaAy ¥ Mo4YaTKoOBOro BiAHOCHOIro piBHS Ha-

MpYy>KeHb.

Meropgonoria. [ocnigxXeHHsT roB3y4yoCTi KepanitobeTtoHy Ha KapboHaTtHoMy
ricKy npoBoAnNII0CS 3@ METOANKOI MJ1aHyBaHHS eKCriepuMeHTy. [Jocian 3 BU3SHaYEHHS
Aegdopmadii noB3y4ocTi npoBoANNCS 3a rJiaHoM bokca — beHKkeHa po3MipHOCTi K=3.
Ak akTopm npuiHATI: BuTpata uemeHty (C), Kr/m?> — X,; arperatHo-CTPpyKTypHUi

gakTop r - X,;

27

Bik 6€TOHY A0 MOMEHTY 3aBaHTaxeHHsa (t,), Ai6 — X,. Adegpopmauii

roOB3yYOCTi BU3HaY€eHI BigroBigHo 40 BuMor [8]. [paHu4Hi BiAHOCHI Ta nuTomi gegop-
mavii MoB3yYOCTi BU3HaY€EHI BigrnoBigHO 4O METOAMKM, onucaHoi y [8], BianoBigHoO 40
SKOiI A47159 064YNC/IEHHSI YMOBHO-rPaHN4YHOro 3Ha4yeHHs BigHOCHUX AegopmaLlivi nosB3y-
yocTi BapTo nobyAyBatu JiHito perpecii B koopanHatax [At/ €_(t,t,0); At]. 3HayeHHsA
KOTaHreHca KyTa Haxusy rnpsMoi 4a€ iX rpaHn4yHe 3HaYeHHSs 10 CEePEAHIX TOYKax Bu-

MIprOBaHHA.

Pe3synbrarn. /[]n15 po3B’d3aHHS NpuKAaAHMX 3a4a4y Teopii 3a71i306€ToHYy 3 ypa-
XYBaHHSIM F0ro rnoB3y4YOCTi BaXK/IMBO BU3HAYUNTHN OCHOBHI (baKkTopu, O BNINBaKTb HA
MOB3y4iCTb, i BCTAHOBUTU Bi4roBigHI 3a/71€XXHOCTI, L0 AarThb 3MOry rnporHo3yBaTu Ui
Aedopmadii. BusHavyaabHui BrNaMB Ha gegopmadii noB3y4yoCTi Ha4arTb peLenTypHi
¥ TexHosoridyHi gaktopu. Ocob/mBOCTi 6ETOHIB Ha MOPUCTUX 3arlOBHIOBa4Yax rnocum-
JIIOKOTb X BMJIUB, WO MiATBEPANIN HALLI AOCTIAXKEHHS.

CroneBuy 1., MoctepHak O., KoBTyHeHko O., MeTtpaw C., Ypa3maHoBa H. [locnigxeHHs aedopmadiii noB3y4ocCTi
kepanitobeToHy Ha kapboHaTHOMY NicKy. Teopisi Ta NpakTvka Au3arHy. ApxiTekTypa T1a 6y4iBHULTBO.
K.: KAI, 2025. Bun. 1(35). C. 75-82.
doi: https://doi.org/10.32782/2415-8151.2025.35.8
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HaykoBa HOBM3Ha. 3 yCbOro pi3HOMAaHiTTsi (pakTopiB, L0 Br/INBaAKOTb Ha Ae-
¢opmauvii moB3y4yocCTi, Bif SIKUX 3a/1€XNTb (hOPpMyBaHHS Ui CT@HOBJ/IEHHS KepaJsliTobe-
TOHYy SIK marepiasny, A0 Hakbi/bl 3Hadyylmnx BapTo 3apaxyBaTun BUTPATYy LEMEHTY,
BOAM U KOHLEHTPAaLilo KepasaiToBoro rpasito. BiKk KepasniTobeToHy 4O MOMEHTY rnpu-
KN1aAa>KHHS Harpy>eHb Ta royYaTtKkoBui BiJHOCHWI pIiBEHb Harlpy>XeHb TaKO0X MaroTb
3HauYHWi BravB Ha Ui gegopmadii.

OgHe i3 3aBAaHb AOC/igXKEHb — 3’CyBaTu BIJINB PELENTYPHUX PakTopiB, BIiKY
KepanitobeToHy Ta rno4YyaTKOBOIrO PiBHSI Harpy>XeHb Ha PO3BUTOK Yy 4aci ¥ rpaHudHi
3Ha4yeHHs aegdopmMayin noB3yyocTi.

MpakTn4yHa 3Ha4YyLWicTb. MaTemMaTukKo-CTaTUYHUI aHasai3 HaBeAgeHuX [o-
CNAHUX [aHuX pPO3BUTKY B 4Yaci NUTOMUX BIAHOCHMX Jegopmauii MoB3y4YoCTi
C(t, t, 0) kepaniTo6eTOHY AOC/IAXEHUX CKIAAIB, HABaHTaxxeHui y Bikax t = 7,28,115
4i6 3 noyatkoBUMMM BIAHOCHMMMK PiBHAMKW HanpyxeHb n(t,)=o(t)/f. (t,)=0,2,;0,6,0,8,
a TakoX MUTOMUX JiHiiHMX Aegopmauin nos3ydyocti C (t, t,) kepanitobeToHy o4g-
HakoBMUX CKJaAiB i 3@ O4HAaKoBOro BIKYy HaBaHTaXXeHHs, Aasn 6 3Mory BU3HaYNTU
iX rpaHmn4Hi 3HadyeHHs. [ocnigxeHHs [4; 5] nigTBepanin BUCOKWMI CTyrMiHb TOY-
HOCTI MpOrHO3yBaHHs KiHUEBUX XapaKTepUCTUK MoB3y4YOCTi 3a AOMNOMOIror Liei MeTo-
Aankn. Kpim Toro, rnopiBHSIHO 3 iHLWUMKU MeToAaMu, BiH OiflbLl yHIBEpCaslbHUN | MEHLL
TPYAOMICTKU.

Knr4yosi cnoBa: gegpopmalis rnoB3y4yocTi, Boga, LUEMEHT, 6ETOH, PIBHSIHHS pe-
rpecii, arperatHo-CTpYKTYPHWUI (aKTop.
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