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ABSTRACT

Markiv T.Ye.Scientific principles of olatining concretes with increased crack
resistance due to control of structure formation at different leiv€)sialifying scientific
work on manuscript rights

The thesis for Doctor of Technical Sciences degree. Specialty 05.RG8ildfing
materialsand paucts Lvi v Pol yt efmhn Lvo, 2024.t i on al \

The thesisis devoted to the development s€ientific principlesfor obtaining
concretes with increased strength and crack resistance. An algorithm fepanatieter
design of concretes of C25/86060 compressive strength classes has been develope
whichforesedhe rational selection and optimization of technatagfactors at different
structural levels, which ensures increased crack resistance. A systematic approach t
selection ofpozzolant materialsvas developed and it was shown that the investigate
pozzolanic materials based on natural and artifieali'eshave a significant potential
for improving the properties of concrete mixtures and concritess established that
the used nmeral additives can be placed in the following ascending order according
their ability to absorb CaO fromitssature d s ol ut i on: granul
fly ash Y natur al p 0 z lzi®droposesl to Mivide the effécts of i
such materials into main and additional ones, which must be taken into account wi
designing concret&kesearchelsave shown that the study of the kinetics of the hydration
and hardening of cement systems with pozzolanic materials, as well as the gighesis
microstructure, is of great importance, because it opens the way to scientific predict
of their propertiesThe physicechemical regularities and possibilities of the directed
formation of the phase composition of the cement matrix of conarghepozzolanic
materialsare revealed, creating conditions for the formation of an additional amount
evenly distrbuted modified finely dispersed hydration products, including nefdatieus
calcium hydrosilicates thalmatizethe pore space of cemepaste. This provides the
effect of its seHreinforcement at microstructairlevel, the reduction of the number of
defects, the increase of resistance to destruction and the synthesis of the tensile stre
of concrete both in bending and compressaswvell as improved operational properties

of concrete. The important role of the fractional compositionmaiterials 6 the
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pozzolanic nature of activityn improving the granulometry of hardening systems at the

mesostructural level is shown. It was efitdied that the use of polydisperse zeotuff
fraction Q4-8 0 O eEm <creates condi ti on s ulometric
composition and compensates for the usually lack of fractiolis&®® e m (t he
zeolitic tuff is about 50%) in ordinary concretes, which are insgystemof "Portland
cemenizeolitic tuff-fine aggregate", which ensures the arrangement of the pore space
the level of the mesostructure of concrete and denser packing of grains. The effectivel
of the use of polydisperse zeolitic tuff, which is a source of readily available addlitio
water, to ensure deep hydration of Portland cement and the possibility of obtaini
concrete with increased strength indiy (=4 O N3 AC, (§(=40N3%) he
has been confirmedPolydisperse zeolt tuff, having internal water reservoirs, enss
the uniformflow of hydration reactions and the development of the strength of ceme
concrete in such conditions, which is ianed by a slightly higher compressive strength
when Portland cement is replaced by 10 wt.% of this mineral additive.@yeatditions

for deep hydration when introducing zewlituff makes it possible to prevent early crack
formation in airdry condtions.It has been established that the addition eéatraining
admixture increases the plasticity of the mortar partlsd toncrete mixture due to the
"ball-bearing” effect, and their possildanultaneousise withpozzolaniomaterials with

a similareffect (fly ash) can lead to a synergistic effect of their interaction.

A mechanism for increasing therack resistancef concrete with akwentraining
admixtures has been established, which is based on the formation of evenly distribute
the concrete teucture air pores with a shell formed from Portland cement hydratio
products, in particular, fibrous calcium hydrosilicat®hich can be considered as stress
compensators capable of inhibiting the propagation of cracks by absorbing elastic ene
Whena load is applied to such concrete withemtraining admixture and zeadittuff,
the micrereinforced air bubbles lead the dissipation of microcracking energy under
the load. This is accompanied by an increase in the characteristics of crackaesiathn
operational properties of concrete.

It is shown that the use of polydisperse zeolitic tuff pezzolaniomaterial, @&spite

its porous structure, in combination with chemicammadures of plasticizing aneir-
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entraining action makes them effectigcemponents of concrete mixtures of various

consistencies. In concretes (slump class S4, WA}=8ome reduction in strengih
observed during 90 days of hardening, but after 180 days, the compressive strengt
concrete containingolydisperse zeoilt tuff even exceeds by 2% the strength of concrete
without zeolitic tuff. Fr ocs17.980kcomparéddon C
concrete without polydisperse zeolitic tuffanda@int r ai ni ng ad mgnxt
=37.9%) and, as a results durability, as well ashrinkage during drying and the depth
of water penetratiomdecreasedy almost 34%.lt was estblished that the corrosion
resistance of concrete with 10 wt.% of polydisperse zedliff increases both in the
aggressive environment MgCl, ( & ( 210 g/l) and in NgSO, ( & (45 610 g/l).

The specific energgonsumptiorparameter for local static deformation in the main
crack zone s proposed for use. This parameter, together with the standardized indica
of specific energgonsumptia for static deformation until the momenttbe movement
of themaincrack (G), more accurately and fully characterizes the behavior of concret
under load in theprecriticaland postcritical stages of deformation and determines the
effectiveness of reforcement. It is recommend#uhatthe brittleness criterioof concrete
G exceed 140 mmnto attribute it tathe concrete with increased crack resistance.

Analysis of the pore structure of concrete (slump class S1) with a polydisper
zeolitic tuff, plasticizer and air entraining admixtures using computer microtomograpl
shows that wih an entrained air volume off86, such air bubbles act as stress dampers
and together with the modification of the micemd mesostructure of concrete lead to a
decrease in the formation of microcracks in the precritica2&.44 J/n?) and a
slowdownin the propagation of main cracks in thestcritical (G=49228 J/n¥) stages.
Such concretes are also characterized by improved strengtiparationalproperties:
compressive(f.,=65.8 MPa) and flexural {(=9.3 MPa) strength after 28 daysfo
hardening, low water absorption (2.1 %) , I ncr eas e dy=330pand
corrosion resistanc€Rs=1.23).

The influence oflispersd concrete reinforcement with different types of fben
the strength properties and crack resistance deaistics of concrete was evaluated. It
has been studied th#te combinationof polypropylene fibers of FPDP typevi(h
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deformed shapend FPPdtraightwith length of12mm) are the most effectivend allow

to increasdlexural strength and static crital stress intensity factday almost75 and
50%, respectively. Analysis of concrete at the mesml macrostructat levels shows
that these indicators are achieved due to the "Bridge" effdguth is formed when
concreteis reinforcedwith fibers. At the same time, there is a slowdown in the
development of macrocracks in the precritical stage of deformation, and the resistanc
defragmentation of samples in tpestcritical stage of destruction &fuch concretes
increases. Shrinkage deformations stabi after 22 days of hardening and their
subsequent reduction by 26% compared to unreinforced comcdiserved

The scientific bases of the development of a fundamentally new concept of creat
concrete with increased strength and crack resistaa@ibstantiated, which is based on
the possibility of crack resistangearametersregulationdue to changes in design
parameters and various technological factoesnely the use of pozzolanic matésiaf
the zeolite typeplasticizingandair-entrainingadmixtures of optimal composition, fibers
of various types and sizes, which will ensure obtaining a dense, continuously reinfor
concrete structure at all levels, which is characterizathpyoved operational properties.

It was established that conaetontaining 10 wt.%f zeolitic tuff, different types
of fibers (105 kg/n? FPP, 8 kg/m FPDP), plasticizer (5 wt.%) and akentraining
admixtures (G wt. %), despite the lower contentRxdrtland cement, is characterized by
a similar behaviour undep&d at the stage after the formation of cracks, as concret
which contains only fiber. Such multbomponent concrete is characterized by improvec
strength properties and crack resistancematers with an increase in fracture energy by
35.1% and brittlemss criterion by 65% compared to reference ordinary concréte
water absorption of modified fiber concrete iS Wt.%,abrasiorresistance is.Q g/cnt,
classes ofvaterproofness and fsbresistance are W16 and F300, respectively.

The industrial imfementation of the developed concretes at Ugryniv Eco Esim
was carried out in the concreting afimal husbandry compldxaths withconcrete of
C25/30 strength class, increased corrosion and crack resistance. Also, the results o
work wereimplemertedat the construction sited PC ¢Zastava and RC ¢Zahid-Beton

Bude for the storage of concrete products and the access road to the warehdloses i
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village of Malekhiv of the Lviv OTG in accordance with the provision of increaset

strength and crack sestance of concrete, as well as the representative officBrof-
Bude Sp. with o0.0. and¢tAutomagistralPivdere Ltd during the construction of l@ge
crossings. The effectiveness of the implementation of research results is confirmec
certificates anacts on their use. The technical and economic efficiency of using concre
with increased crackesistanceobtained as a result of structure foriraatregulation at
different levels, is calculated

The theoretical and practical results obtained in theediation were used in the
educational process when teaching disciplines for students of the first (bachelor), sec
(master's), and third (educatial and scientific) level of higher education in the specialty
192 Construction and civil engineering.

Keywords: concretes with increased crack resistance, pozzolanic mateealisic
tuff, plasticizng and airentrainingadmixturesfibers, structure formationtechnological

factors, structural levels, durability.
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