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Abstract. In our opinion, at present, the strain-deformed state and cracking in concrete and
reinforced concrete elements and structures remains insufficiently studied. In particular, it effects on
lightweight concrete. An important point in determining the stress-strain state is the consideration of
the material properties in determining the stresses and, in the future, the use of the ¢ and ¢
dependencies for design and practical purposes. Therefore, the problem being solved is topical, and
for its solution a complex of experimental and theoretical studies with the use of modern computer
technology has been carried out.

The development of the methodology, followed by analysis of the experimental data and the
model, allows obtaining a variety of results that can be used in research, forecasting of stress-strain
state and cracking of concrete and reinforced concrete elements and structures.

The proposed computer model made it possible to determine and evaluate the influence of
cracks on the deformation characteristics of expanded clay concrete. The solution of the problem in
the finite element model of the construction was carried out by using two methods, depending on
the design scheme.

When choosing the most appropriate design scheme, we considered several schemes, in which
the criteria of adequacy of the model was the accordance of the initial modulus of elasticity of the
model and the Poisson's coefficient to the experimental data. Expanded clay concrete was
considered as a two-component material (aggregate-solution). In modeling, the change of the
external longitudinal and transverse deformations was calculated, which were also measured in full-
scale tests.

The growth of one crack was modeled by the removal of external bonds. The growth of
several cracks was modeled by modifying the elastic modulus of the final elements.

One of the modeling results was the construction of graphs of the variation of longitudinal
deformations and Poisson's coefficient as a function of the relative crack length.
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Introduction. The diagram «o-g» of concrete behavior has a deviation from the diagram of
linearly-elastic material, which occurs due to inelastic deformations, which are caused by micro
crack formation [1-3]. In a paper dealing with aspects of micro cracking formation H. Coven [4]
points, that the elastic-viscous state of concrete can be preserved only for linear or minor nonlinear
regularities in the strain stress dependencies. At high stress levels, the process of internal
destruction, which must be taken into account, takes place [4-8]. According to H. Coven [4], most
of the inelastic deformations of concrete can be explained by the destruction of its microstructure.

Purpose of the study. Study of the possibility of modeling the stressed-deformed state of
expanded clay reinforced concrete beams under short-term and long-term loading with the use of
computational complexes based on the finite element method in a nonlinear formulation.

Methods of research. Evaluation of the influence of longitudinal cracks of tearing on the
change in elastic deformations of concrete was carried out using computer simulation of the
behavior of a concrete prism with dimensions of 100 x 400 mm. The cracks of the separation in the
finite element model of the structure were taken into account by using two methods depending on
the design scheme:

— approximation of a concrete element with a crack of a continuous anisotropic solid
equivalent in rigidity;

Bicauk Onechbkoi aepkaBHOT akaaemii OyaiBHHIITBA Ta apXiTekTypH, 2018, — Bum. Ne 72

77


mailto:o.i.stolevich@gmail.com

78

BYAIBEJIbHI KOHCTPYKIIII

— modeling of concrete with cracks by means of a grid layout of finite elements (FE) along the
cracks trajectory.

In order to choose the variant of the most adequate design scheme, we considered several
schemes:

a) in the first scheme, a quarter of the prism was considered, with the possibility of spread of
one vertical main crack (Fig. 1, a);

b) in the second scheme, half of the prism was considered, with the possibility of several
vertical as well as inclined cracks spread (Fig. 1, b). In this case, according to the second scheme, it
is possible to model not only a large aggregate, as in the first scheme, but also the presence of initial
pores, cracks, different small defects that are initially present in the concrete. The size of the
smallest defect we simulated was 0.05 mm;

c) in the third scheme, a quarter of the prism was considered with the possibility of several
vertical cracks spread (Fig. 1, c). The adequacy criteria for the model were the correspondence
between the initial modulus of the model elasticity and the Poisson's ratio to the experimental data.
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Fig. 1. Design scheme of concrete behavior modelling:
a — with one crack; b, ¢ — with several cracks

Deformations and stresses at the tip of a crack in the general case can be obtained by
superposition of three particular types of deformation: separation, transverse and longitudinal shear.

Concrete was considered as a two-component material (aggregate-solution). With the growth
of the crack, in modeling the change in the external longitudinal and transverse deformations was
calculated. They were also measured in full-scale tests. The growth of one crack was modeled by
the removal of external bonds. The growth of several cracks was produced by modifying the elastic
modulus of the final elements. The relative crack length was taken as the ratio of the current crack
length to the total length of the sample.

Main results of the study. One of the modeling results was the formation of longitudinal
deformations graphs variations and Poisson's ratio depending on the relative crack length.
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Graphical interpretation of the research results is shown in Fig. 2-6.
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Fig. 2. Change in longitudinal deformations depending on the growth of one main crack:
a — in a uniform material; b — in an nonuniform material (concrete)

As the stresses increased, we took into account the accumulation of plastic deformations,
affecting the development of longitudinal deformations. The account is made by summation of
deformations with decreasing tangential elastic modulus of the solution part at each stage is
identical to its change in full-scale tests. The result of modeling for expanded clay concrete of class
C12/ 15 as an example is shown in Fig. 6.

The simplest and most adequate design scheme is the first scheme, with the help of which the
behavior of concrete can be described qualitatively. Reducing the size of the FE | scheme up to 0.2
mm, which was done in the future, did not change the obtained conclusions.

Bicauk Onechbkoi aepkaBHOT akaaemii OyaiBHHIITBA Ta apXiTekTypH, 2018, — Bum. Ne 72

79



BYAIBEJIbHI KOHCTPYKIIII

5
= 4,5 §
;_g \os 4 //
2 5 3.5 T
g 3 i
EE 25 p
= 8 2 v
5 15 i
28 1 "
g 05 P
© 0 /

0 0,2 0,4 0,6 0.8 1

Relative crack length

Development of four main cracks in concrete simultaneously, II scheme
Development of four main cracks in concrete simultaneously, III scheme

Fig. 3. Change in longitudinal deformations depending on the growth of four main cracks in
concrete
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Fig. 4. Change in the coefficient of transverse strains

Our results are analogous to the results of mathematical modeling of the development of a
longitudinal crack obtained in study [2]. The fact that the longitudinal deformations change
insignificantly with the growth of the crack the author explained by the application of a short-term
load.

From the foregoing it follows that the process of plastic deformations flow in concrete cannot
be explained solely by the formation of cracks in the separation, as they begin to affect the
magnitude of longitudinal deformation significantly only before destruction.
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Fig. 5. The result of modeling the effect of crack growth on longitudinal deformations with change
the modulus of elasticity of expanded clay concrete solution part
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Fig. 6. Dependence of changes in plastic longitudinal deformations on stresses with taking into
account the accumulation of deformations as the crack grows
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Conclusions:

1. As a result of an increase in the length of one main crack of the separation the growth of
relative longitudinal deformations was not more than 0.3%, in both uniform and nonuniform
material. In the two-component model considered as an aggregate and a solution part, a decrease in
the modulus of elasticity of the solution part doubled the longitudinal deformation due to crack
growth by only 1%. The change in transverse deformations in concrete was reliably modeled by the
growth of the longitudinal crack of the separation.

2. According to schemes | and 111, a more accurate change in the Poisson’s ratio was modeled.
The calculated curves are similar to data, obtained with full-scale tests of prisms. The growth of
several cracks during the modeling led to an increase in longitudinal deformations by 4.6% in
comparison to deformations of the model without cracks. After a decrease of the modulus of
elasticity of the solution part by two times, the increase in longitudinal deformations was 15%. At
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the same time, the opening of the width of the extreme main crack and the "closing" of the
remaining cracks were simultaneously observed, which indicated the impossibility of propagation
of several main cracks along the ends of prisms in the conditions of straining of deformations. This
is also confirmed by the character of prisms destructions under central compression. The Poisson's
ratio with the development of several cracks reached a value of 2.4, which is not confirmed in
practice.

3. The influence of the growth of one main crack on the change in deformations was 3.4%,
with taking into account the accumulation of plastic deformations.

4. In the two-component model of concrete behavior under consideration, the curvature of the
diagram is due to a change in the inelastic characteristics of the solution part (located between the
cracks), not because of the growth of cracks.
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MO/IEJIb BIUIUBY 3POCTAHHSA TPIIIUHU HA NIPYKHI JIE®@OPMAIIIl BETOHY

CroaeBnu O.1.,
Ooecvka depacasna akademis 6YOiGHUYMBEA MA apXimeKmypu
o.i.stolevich@gmail.com, ORCID: 0000-0002-4309-7194

AnoTtanis. Ha Ham nornsan, B AaHui yac sK 1 paHille HeI0CTaTHbO BUBUEHUM 3aJIUILAETHCS
HaIpy>KeHO-Ae(OPMOBAHHUI CTaH 1 YTBOPEHHS TPIIIMH B OCTOHHUX 1 3a11300€TOHHUX €JIEMEHTaxX 1
KOHCTPYKLIAX. Oco0IMBO 1€ TOPKAEThCA JETKUX OETOHIB. Ba)kiaMBHMM MOMEHTOM IpPHU BHU3HAYEHHI
HanpyXeHo-1e(OpMOBAHOTO CTaHy € O0JIIK BJIACTUBOCTEM MaTepiajly MpU BU3HAYEHHI HANpPYKEHb
Ta B MOJAJIBIIOMY BHUKOPUCTAHHS 3aJISKHOCTI 0 1 &€ B PO3PAXYHKOBHX, MPOSKTHHUX 1 MPAKTUYHUX
uisax. ToMmy BupinryBaHa 3afadya € akTyaJlbHOIO, a JJIs 1 BHUPILIEHHS IMPOBEIEHO KOMILIEKC
eKCIIEpUMEHTAIbHO-TEOPETUYHUX JOCTI/KEHb 13 3aCTOCYBaHHSAM Cy4acHOi OOYHMCIIIOBAIbHOT
TEXHIKH.

Po3pobka MeToArKH, 3 TOJANBIINM aHAII30M €KCIIEPUMEHTAbHUX JaHUX 1 MOJENI J03BOJISE
OTpUMATH PI3HOMAHITHI pe3yNbTaTH, $AKI MOXXIMBO BHUKOPUCTOBYBaTH TMPH JOCHIIXKEHHI,
IIPOTHO3YBaHHI HANpPYyKEHO-Ae(OPMOBAHOTO CTaHy Ta TPIIIMHOYTBOPEHHS Yy OETOHHUX 1
3aJ11300€TOHHUX €JI€MEHTaxX 1 KOHCTPYKIIISIX.

3anpornoHoBaHa KOMI'IOTEpHA MOJENb JO3BOJMJIA BU3HAYUTH 1 OLIHUTH BIUIMB TPIIIMH Ha
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negopMaTUBHI XapaKTEPUCTUKU KepaM3UTOOETOHY. PilleHHs 3aBHaHHSA B KIHIEBO-EJIEMEHTHIN
MOJIeNII KOHCTPYKIII HaMU TPOBOJIWUJIOCH 3 BHKOPHUCTAHHSIM JBOX METOAIB B 3aJICKHOCTI BiX
PO3paxyHKOBOI CXEMHU.

[Ipu BuOOp1 BapiaHTy HAHOULIBII AJCKBATHOI PO3PAXyHKOBOI CXEMH HaMHU PO3TJISLIAINCS
KUJTbKa CXEM, B SIKMX KPHUTEPISIMH aJeKBAaTHOCTI MOJENi CIYy)XHWja BIAMOBIIHICT MOYATKOBOTO
MOYJIsl IPY>KHOCTI Mozedi 1 koedirienta [Tyaccona ekcnepuMmeHTalIbHUM TaHuM. Kepam3utobeToH
po3TisigaBcs SK JIBOKOMIIOHEHTHHI MaTepian (3amoBHIOBauY-po3uuH). llpu MopemtoBaHHI
oOumncIIOBaJIach 3MiHA 30BHINIHIX TO3/J0BXKHIX 1 momepedyHux naedopmariiid, sSki 3amipsuid 1 B
HATypHUX BHIPOOYBaHHSIX.

3pocTaHHs OJHI€T TPINMHA HaMH MOJICTIOBAIIOCh BHJIAJICHHSIM 30BHIIIHIX 3B'A3KIB.
3pocTaHHs AEKITBKOX TPIIIMH BUPOOIISUTN IUIIXOM 3MiHU MOAYJISL IIPY>KHOCTI KIHIIEBUX €JIEMEHTIB.

OmauM 3 pe3yabTaTiB  MoJETIOBaHHS Oyna 1moOymoBa rpadikiB 3MIHHM TO3JOBXKHIX
nedopmartiii i koedirienra [Tyaccona B 3a1e:KHOCTI BiJl BiTHOCHOI JJOBKUHU TPIIIIHH.

KurouoBi ciioBa: Mozenp, TpiluHa, METOUKA, JiarpaMa, aedopmartisi, 0ETOH.

MOJEJIb BJIUAHUA POCTA TPEHIUMHBI HA YIIPYI'ME JE®OPMALUU BETOHA

Croaesnu O.1.,
Ooecckas 2ocyoapcmeeHHas akaoemus CmpoumeibCmed U apXumeKkmypol

o.i.stolevich@gmail.com, ORCID: 0000-0002-4309-7194

AnHoTanus. Ha Ham B3ruisi, B HacTosIIee BpeMs MMO-IIPEKHEMY HEAOCTATOYHO M3YyYEHHBIM
OCTaeTCs HAINPSHKECHHO-ACPOPMUPOBAHHOE COCTOSHHUE M OOpa30BaHHS TPEIIUH B OCTOHHBIX W
KEIIe300€TOHHBIX 3JIEMEHTaX U KOHCTPYKIUAX. OcoOEHHO 3TO KacaeTcs Jerkux 0eToHOB. BaxkHbIM
MOMCHTOM IIpHU OIIPCACICHUU HaHpﬂ)KeHHO-Ileq)OpMI/I‘pOBaHHOFO COCTOAHUA ABJIACTCA YUCT CBOMCTB
Marepuaia npu ONpeieseHUN HalpsHKeHUM U B JalbHEHIIEM MCIIOJIb30BAHMS 3aBUCUMOCTH G U € B
PACUYCTHBIX, IIPOCKTHLIX U IMPAKTHYCCKUX LECIIAX. IToaT OMY pfiaacMa 3aaayda sABJIACTCA aKTyaJIBHOﬁ,
a JJid ee pelIeHUs MPOBEAEH KOMIUIEKC 3KCHEPUMEHTAIbHO-TEOPETUUYECKUX HCCIEI0BAHUN C
IMPUMCHCHUCM COBpCMeHHOﬁ BBEIUHMCIIMTEIbHON TEXHHUKH.

Pa3paboTka METOAMKH, C MOCIEAYIONUM aHAIU30M JKCIIEPUMEHTAIBHBIX JAHHBIX U MOJETH
IMMO3BOJIACT MOJYUYUTh PA3JIMYHBIC PC3YJILTAThI, KOTOPBIC MOXHO HCIIOJIb30BATh IMPU HUCCJICIOBAHUU,
MPOTHO3UPOBAHUM  HAMPSHKEHHO-e(OPMUPOBAHHOTO COCTOSIHMSI W TPEIIMHOOOPAa30BaHHS B
OETOHHBIX H KEJIE300€TOHHBIX dJIEMEHTAX U KOHCTPYKIHAX.

[IpennoxeHHass KOMOBIOTEPHAS MOJEIb IMO3BOJIWIA ONIPEAEIUTD U OLIEHUTh BIUSHUE TPELIUH
Ha 1eopMaTUBHbBIE XapaKTEPUCTUKU Kepam3uToOeToHa. PerieHne 3a1aun B KOHEYHO-3JIEMEHTHOM
MOJIENM KOHCTPYKIMH HAMHU IPOBOJUIIOCH C UCIIOJIB30BAHUEM JBYX METOJOB B 3aBUCUMOCTH OT
pacYETHON CXEMBI.

[Ipu BbIOOpe BapmaHTa HambOojee aJeKBATHOW pAacuyeTHOW CXEMbl HaMU pPaccMaTpPUBAIUCHh
HECKOJIBKO CX€M, B KOTOPBLIX KPUTCPHUAM QAACKBATHOCTH MOJACIH CIIYKHWJIa COOTBETCTBUC
HAYaJlbHOTO MOAYJS yHOpyroctu wmonenu u kodddummenta IlyaccoHa sKcnepuMEHTATbHBIM
naHHbIM. KepaM3uToOeTOH paccMaTpuBaliCsd KaK JABYXKOMIIOHEHTHBIM MaTepuai (HaIlOJHUTENb-
pactBop). [Ipu MopenupoOBaHWM MCUUCISIIOCH U3MEHEHHE BHEIIHUX MPOJOJIBHBIX M MOMEPEYHBIX
nedopmaliuii, KOTopble 3aMEPsUTH M B HATYPHBIX UCIIBITAHUSX.

Poct onHOM TpemumHbl HAMU MOJIEIMPOBAIICS YAAJIEHUEM BHEIIHUX CBA3EH. POCT HECKOIBKHX
TPELIHH IPOU3BOAWIN IIyTEM U3MEHEHUS MOIYJISL YIIPYTOCTH KOHEYHBIX JJIEMEHTOB.

OmarM W3 pe3yabTaTOB MOJAEITUPOBaHUs OBUIO TIOCTpOCHHE TpapuKOB H3MEHEHUS
MpOoI0IBHBIX Aehopmanuii u koddduinnenta [lyaccona B 3aBUCHMOCTH OT OTHOCHTEIILHOMN JJIMHBI
TPELLMHBL.

KuroueBble cjioBa: Mojienb, TPEIIMHA, METOJMKA, TUarpaMMa, redopmaiins, 6eToH.

Crarrs gaminuoia 17.07.2018
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