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HYDRAULIC CONCRETE COMPOSITION AND PROPERTIES
CONTROL SYSTEM

Purpose. Scientific work aims at the development and testing of information system to meet the challenges of
concrete composition design and control (for railway structures and buildings) based on the physico-analytical
method algorithm for hydraulic concrete composition calculation. Methodology. The proposed algorithm of hydrau-
lic concrete composition calculation is based on the physicochemical mechanics and in particular on the rheology of
elastic—viscous—plastic bodies. The system of canonical equations consists of the equations for concrete strength,
absolute volume, concrete mix consistency as well as the equation for optimal concrete saturation with aggregates
while minimizing cement content. The joint solution of these four equations related to composition allows determin-
ing for the materials the concrete composition of required strength, concrete workability with minimum cement con-
tent. The procedure for calculation of hydraulic concrete composition according to the physico-analytical method
consists of two parts: 1) physical, which is laboratory testing of concrete mix components in different concrete com-
positions; 2) analytical, which represents the calculation algorithm for concrete compositions equivalent in concrete
strength and workability that comply with the specific conditions of concrete placing. Findings. To solve the prob-
lem of designing the concrete composition with the desired properties for railway structures and buildings it was
proposed to use the information technology in the form of a developed computer program whose algorithm includes
the physico-analytical method for hydraulic concrete composition determination. Originality. The developed con-
crete composition design method takes into account the basic properties of raw materials, concrete mix and concrete,
which are pre-determined. The distinctive feature of physico-analytical method is obtaining of a set of equivalent
compositions with a certain concrete mix consistency and required concrete strength, which allows to optimize the
concrete composition by any optimality criterion, depending on the operation conditions. Practical value. Using the
developed method will expand its functionality when applied in the form of the composition calculation computer
program for the construction and repair of surface and underwater structures. The use of physico-analytical method
at production site will simultaneously solve the economic problems of construction and maintenance cost reduction,
component saving and ensure obtaining the concrete with the set properties for specific operation conditions of
transport engineering structures.

Keywords: concrete composition; physico-analytical method; hydraulic concrete

transport structures face new higher requirements
connected with increased train speed, district
electrification, introduction of new permanent way
designs, new technologies of structure and building
erection, the need to save energy and material
resources in structure fabrication.

The modern manufacturing process of concrete,
concrete products and structures is characterized
by expanded application field and therefore varies

Introduction

Over recent years there is the tendency to
modernize the transport system of Ukraine, in
particular the railway network, and therefore
consumption and operational requirements for
transport infrastructure have increased, resulting in
extending use of modern high-quality construction
and repair materials, the most popular of which is

concrete. The concrete constructions of artificial

due to different requirements for concrete mix and
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concrete. The operational feature of transport
facilities is constant or periodic contact with
aqueous environment. Therefore these facilities
require the special concrete type — hydraulic
concrete, characterized by a set of properties to
ensure concrete stability in specific conditions.

Concrete for hydraulic and transport facilities
should provide reliable, durable and safe operation
of buildings and structures in aquatic environment,
and therefore should be characterized by complex
of technological and operational properties such as
workability, viability, connectivity, density,
strength, water resistance, frost resistance,
waterproofing, mechanical crack resistance, low
cement heat liberation (only for massive
structures), corrosion resistance, etc. These
requirements are achieved by the correct concrete
composition analysis.

Making concrete, whose properties comply
with the project requirements, is a complex
multistage process, each stage of which forms the
final quality. The most important step that forms
the design properties of concrete and allows
adjustments for changes in the properties aimed to
obtain a quality product is the concrete
composition design — an important technological
task accounting for the success of all the following
stages. Today the information management
systems are successfully used to solve this task.
However, the existing systems do not take into
account a set of specific requirements for concrete
of hydraulic and transport structures and buildings;
hence development of such a system is an actual
scientific problem.

Purpose

The purpose is the development and testing of
information system to meet the challenges of
concrete composition design and management for
engineering transport structures based on the
physico-analytical method algorithm for hydraulic
concrete composition calculation.

Previous studies analysis

Determination of the rational material content
in the concrete mix to achieve the project
properties, as a crucial stage of hydraulic concrete
technology, has been constantly within the field of
leading specialists’ interest. Full attention is given

to the problem of concrete composition design in
scientific, industrial and educational publications
[1...15] at the domestic and foreign conferences
and seminars. On the one hand, it confirms the rel-
evance of the problem, on the other hand, the exis-
tence of a number of outstanding issues in the con-
crete design methodology, as well as expanded
application of concrete for special construction.

However, the complexity of multi-component
concrete structure led to empirical nature of the
known methods of concrete proportioning.

Today there is a significant amount of methods
for concrete component calculation, but they are
distinguished by numerous factors and amendments,
herewith only one concrete composition is obtained
that meets the specified requirements [2, 5, 6, 11].
The main drawback of these methods is their
isolation from the basic sciences, and therefore
unilateral account of the raw material properties.
Instead, the proposed method considers the concrete
composition determination based on physically
reasonable theory of the composition of concrete mix
and concrete, developed by prof. Punahin V. M. and
for hydraulic concrete by prof. Pshinko O. M. [10].

To reduce the cement content and thus heat
liberation and cubic deformation while maintaining
the required concrete consistency and density there
are used chemical and mineral supplements that
allow to increase remarkably the composition
effectiveness, to achieve significant changes of
certain properties and so on.

The properties of the concrete mix and con-
crete, particularly workability, non-segregation,
fluidity, strength, frost resistance, thermal crack
resistance, non-pressure water penetration depend
on the structural characteristics of each level of the
structure, i.e. the quality of primary components
and their physical and mechanical characteristics,
coarse aggregate spreading factor in cement-sand
mortar, fine aggregate spreading factor in cement
paste (gravel), water-cement ratio, crystalline and
gel hydration products ratio.

The physico-analytical method for hydraulic
concrete composition calculation [10] developed in
Dnipropetrovsk National University of Railway
Transport named after acad. V. Lazaryan is based
on physical testing of concrete mix components in
various concrete compositions and analytical
calculation of compositions equivalent by concrete
strength and workability, which meet the specific
conditions of concrete placing.
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A large number of input parameters in the
design of concrete (characteristics of components,
characteristics of concrete mix and concrete at
project stage, special properties such as frost
resistance, water resistance, sulfate-, acid-
resistance, etc.), the complexity of calculation
methodology and the importance of immediate
optimal results generate a need for the use of
modern information technologies for solving the
concrete design tasks, including those for hydraulic
concrete.

The feasibility and relevance of the proposed
approach is proved by the existence of software,
both domestic [1, 4, 6, 8, 9, 7] and foreign [13-16]
one, to solve such tasks, its active development and
improvement, and the authors’ positive experience
in the development of such projects.

Methodology

The vast majority of requirements for concrete
and methods of its composition design are based
on the structure operation conditions. When
designing concrete and reinforced concrete
engineering structures it is necessary to meet the
requirements relating to the their operation
specificity: in the conditions of high humidity,
corrosive environment, with variable temperature
characteristics and so on. In this case, the basic
requirements for concrete are its compressive
strength, frost resistance, water resistance, crack
resistance, electrocorrosion resistance.

To preserve the integrity of this system, despite
the significant amount of the concrete components
and the dependence of its properties on multiple
input parameters, it is useful, when developing the
theory of the concrete mix, to apply a systematic
approach. It allows compiling and using of the
available fundamental knowledge about the elastic-
viscous-plastic bodies.

The developed theory is based on the
physicochemical mechanics and in particular on
the rheology of elastic-viscous-plastic bodies.
Herewith it was able to apply a systematic
approach in deriving composition equations. Fur-
thermore the used fundamentals of basic sciences
made it possible to obtain practically important,
and most significantly, very simple correlations,
which are easily used as for determination of
concrete compositions equivalent by set properties,

and for solving the tasks of hydraulic concrete
technology.

Based on the systematic approach the properties
and the relationship of input elements of concrete
are described. This allowed in the development
process to obtain analytical correlations that express
the technological properties of the concrete mix,
namely its consistency as the function of
composition and main component properties. The
obtained correlations, expressing the general laws of
the system structure, manifested themselves in all
range of real components of hydraulic concrete.

It is particularly important to effectively use the
developed method of concrete composition design
in the integrated production management system
programs for concrete works in the process of
construction and repair of various transport
engineering structures.

The system of canonical composition equations
consists of the equations for concrete strength,
absolute volume, concrete mix consistency as well
as the equation for optimal concrete saturation with
aggregates while minimizing cement content.
Canonical equations, forming a complete system, at
the same time reflect the current state of
physicochemical mechanics of concrete, which
allows to use them for description of the basic
material properties.

The joint solution of these four equations related
to composition allows determining for the materials
the concrete composition of required strength,
concrete workability with minimum cement content.

In practical terms it is appropriate to obtain not
just one composition, but a set of equivalent
compositions that for these primary materials
comply with two conditions: the necessary concrete
strength and the desired concrete consistency. To
achieve this it is necessary to set the values of sand
and cement ratio and conduct the calculation of
compositions with the desired consistency and
strength. The resulting compositions will include the
optimal formula for cement content.

Herewith the obtained compositions, with the
given project properties, are characterized by
different ratios of wvarious components and
technological properties, such as non-segregation,
crack resistance, etc.

This fact opens the possibility of optimizing the
concrete composition by the complex of
requirements that are most widely used in the
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technology practice for construction and repair of
local damage on the engineering structures.

Based on the above, the procedure for the
concrete composition design according to the
physico-analytical method consists of two parts:

a) physical, which is laboratory testing of
concrete mix components in different concrete
compositions;

b) analytical, which represents the calculation
algorithm for concrete compositions equivalent in
concrete strength and workability that comply with
the specific conditions of concrete placing.

PC-based concrete design allows to fully
automated the definition of tables determining the
equivalent components of concrete on the basis of
experimental data related to material, concrete mix
and concrete testing. The use of PC in the concrete
design process is especially effective as it gives the
opportunity not only to find the right composition
with a minimum content of binding substance but
also to obtain the adjacent equivalent
compositions, setting different sand-cement ratios.
This makes it possible to optimize the composition
by any optimality criterion.

The definition aalgorithm for the table of
equivalent components is developed based on
solving four concrete equations, including the
correlation (1).

%k
0 m
fO-M-(HYO-J)-(HYO-ﬂ):
Yoo o o

_9
@ (pQQ +®0) (1)

This allows following the determination of the
main concrete composition with binder content
C..o setting a certain deviation from the value

Xopt> t0 build the entire table of components.

Block diagram of determining the equivalent
components of concrete strength and concrete
workability for machine-oriented concrete design
method is shown in Fig. 1.

Concrete properties management can be
realized by optimal combination of concrete
composition with adding of optimum amount of
superplasticizers, curing accelerators, micro-
disperse network modifiers that previously had
limited use for the concrete of transport structures

and facilities. The optimal amount and type of
these additives can provide in due time the optimal
balance between crystalhydrate and gel hydration
products, the minimum capillary porosity, that is to

improve operational performance and
technological properties of concrete — for concrete
mix [7].

The  developed concrete  composition

determination method is added with the possibility
of additive action control of superplasticizer and
mikrofiller and is taken as a basis of computer pro-
gram algorithm.
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Fig. 1 Block diagram of determining
the equivalent components of concrete

The developed for the software methodology of
concrete composition and properties information
management system has the following advantages:

— Adjustability for Windows operating sys-
tem (XP or later versions);

— Availability of advanced graphical user in-
terface (client side);

—  Possibility of formation of accounting re-
cords in the form of text editors with the possibility
of further editing;

—  Providing affordable compact software.

Available services and functionality of the
developed information system fully comply with
the requirements of operational management of
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hydraulic concrete composition and properties
when used in the process of repair and construction
of transport infrastructure facilities.

Fig. 2 shows a common interface of the
developed software to calculate the hydraulic
concrete composition table.

The computer program is adapted to implement
the intellectual decision support system that allows
in interactive and convenient form to solve the
problem of hydraulic concrete composition design
with desired properties, taking into account the
characteristics of the concrete mix components.

Fig. 2 Interface of developed software

Application of concrete
compositions for con-
struction and repair of
transport engineering
structures
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The program algorithm for concrete mix
includes such properties as workability (a user sets
cone slump or hardness), for concrete — strength in
project stage, concrete component qualimeters a, b,
¢, concrete strength characteristics — coefficients 4
and B, as well as takes into account the types of the
structure, in which the concrete will be used and
the conditions of its operation.

The calculation results are submitted in a report
that can be saved in several formats (*.pdf, *.doc,
* xls) or printed on the printer (Fig. 3).

PacueT cocTaBoB GETOHHON CMEcH ANA CTPOUTENLCTEA 1 |GG
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S

Fig. 3. Example of the table of equivalent
components in hydraulic concrete
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Vo, 1 Vs 1 up, xm G, kglem®
Dyan Dy

Findings

To solve the problem of designing the
hydraulic concrete composition with the desired
properties for railway structures and buildings it
was proposed to use the information technology in
the form of a developed computer program whose
algorithm includes the physico-analytical method
for hydraulic concrete composition determination.

Originality and practical value

The developed concrete composition design
method takes into account the basic properties of
raw materials, concrete mix and concrete. Its
distinctive feature is obtaining of a set of
equivalent compositions with a certain concrete
mix consistency and required concrete strength.
The composition calculations can be conveniently
carried out using PC.

Conclusions

1. It is established that while developing the
methods for determining the concrete components
amount for construction and repair of transport
facilities it is necessary to use an integrated
approach: to take into account the quality and
quantity of the concrete components with the set
technological and operational characteristics of
concrete mix and concrete in specific operation
conditions of hydraulic and transport facilities.

2. The physico-analytical method for
determining the concrete components amount for
construction and repair of transport engineering
structures was developed and presented. It
provides preliminary laboratory tests of materials,
concrete mix and concrete (physical part) and the
calculation of concrete compositions, equivalent by
strength and consistency of concrete mix (analyti-
cal part).

3. The integrated management system for
hydraulic concrete composition and properties was
developed; it is presented as the concrete
component calculation software, implemented
through information technology on PC.

4. Application of the developed integrated
system at the production site will fully automate
the definition of tables determining the equivalent
components of concrete on the basis of
experimental data related to material, concrete mix
and concrete testing.

5. Implementation of physico-analytical
method at production site will simultaneously
solve the economic problems of construction and
maintenance cost reduction, component saving and
ensure obtaining the concrete with the set
properties for specific operation conditions of
transport engineering structures.
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CUCTEMA YIIPABJIIHHSA CKJIAIOM TA BJJACTUBOCTSAMHA
I'TIPOTEXHIYHOI'O BETOHY

Mera. HaykoBa poOora mae 3a MeTy po3poOKy i ampobartiiro iHhpopMaliifHoi cucTeMH AJIsl pO3B’si3aHHS 337124
MPOEKTYBAaHHS Ta YNPaBIiHHSA CKIaJ0M OeTOHy (A KOHCTPYKLIH 1 CHOpYA 3ali3HHI) HAa OCHOBI alrOPUTMY
(hi3MKO-aHANITUYHOTO METOJy PO3pPaxyHKy CKJIaay TigpoTexHiuHoro OeroHy. Meroauka. 3anpornoHOBaHHI
ITOPUTM PO3PAxXYHKY CKJIaMy TiIPOTEXHIYHOTO OCTOHY 0a3yeThCs Ha MOJOXKCHHSAX (Di3MKO-XIMIYHOT MEXaHIKH Ta,
30KpeMa, PEOJIOTii MPYKHO-B'SI3KO-TUIACTHYHUX Tij1. CrcTeMa KaHOHIYHUX PIBHSHB CKJIAJA€THCS 3 PIBHSIHD MIIlHOCTI
OeroHy, aOCOMOTHUX 00'€MIB CKJIaJOBUX, KOHCHCTEHII OETOHHOI CyMiIlli Ta PiBHSHHS ONTHMAJIBHOTO HACHUYCHHS
OeToHy 3aloBHIOBaYaMH ITIPH MiHIMajbHIH BUTpari neMeHTy. CyMicHE BHpILIEHHS YOTHPHOX MepepaxoBaHHUX
PIBHSHB CKJIQAy JO3BOJISIE BHU3HAYHMTH I JaHWX MarepialiB CKJIaj OETOHY 3aJaHOi MIIHOCTi, HEOOXiTHOT
JETKOYKJIAAAaTbHOCTI OCTOHHOI CyMIlN 3 MiHIMaIbHOI BHUTPATOI0 IEeMEHTy. [lopsamok po3paxyHKy CKIAIy
TiAPOTEeXHIYHOTO O€TOHY 3a (Di3MKO-aHATITHIHHM METOJOM IIOAUISIEThCS Ha nBI 4dacTWHU: 1) ¢ismuHy, 1m0
mpencraBisie JabopaTOpHEe BHUMPOOYBaHHS KOMIIOHEHTIB OETOHHOI Cymimii B pI3HHX CKJIafax OETOHIB;
2) aHaNTUYHY, SIKa TPEJCTABNIAE ANTOPUTM PO3PAXYHKY CKIAJiB OETOHY, €KBIBAJIGHTHUX 3a MIIHICTIO OETOH
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1 JIErKOYKJIaJaJibHICTIO OETOHHOI CyMilll, IO BiANOBIZa€ KOHKPETHHM yMoOBaM OeroHyBaHHs. PesyabraTu. s
PO3B’si3aHHs 3a/aui MPOEKTYBaHHS CKJany OETOHY i3 3a/JlaHMMHU BIIACTHUBOCTSMH Ul KOHCTPYKLIH Ta CHOpyn
3aJIi3HUIb 3alpPONOHOBAHO BHKOPUCTAaHHSA iH(GOPMALIMHUX TEXHOJIOTI y BUINISAIL pO3pO0JIeHOT KOMI IOTEpHOI
NPOTpamMH, B JITOPUTM POOOTH SKOT MOKIaAEeHO (i3MKO-aHATITHYHUI METO/ BU3HAYEHHS CKJIIy TiJPOTEXHIYHOTO
6erony. HaykoBa HoBH3HA. Po3p0o0ieHNII METO MPOEKTYBaHHS CKJIaiiB OETOHY BpPaxOBY€ OCHOBHI BJIACTHBOCTI
BUXIJIHUX MarepiajliB, OETOHHOI cyMmill Ta OeTOHY, sKi HONepeIHbO BH3HAUYAIOTHCSA. BiaMiTHOIO pHcoro ¢izuko-
aHAIIITHYHOTO METOAY € Ofep KaHHSI HAOOpy €KBIBaJICHTHUX CKJIAJIB i3 33/1aHOI0 KOHCHCTEHIIIE€I0 OCTOHHOI CyMiIi
Ta MOTPIOHOIO MIMHICTIO OETOHY, IO T03BOJISE ONTHUMI3yBaTH CKJIaIN OCTOHY 3a JIFOOMM KPHUTEPieEM ONTUMAIIbHOCTI
B 3aJISKHOCTI BiJf yMOB ekcrutyaraiii. [IpakTuuHa 3HaYuMicThb. BukopuctanHas po3po0iIeHOro METoAy J03BOJIHUTH
PO3IIMPUTH  HOTO (YHKIIOHAIBHI MOXUJIMBOCTI HpPH 3aCTOCYBaHHI y BHIJIALI KOMIT IOTEPHOI MpOrpaMu Juist
NPU3HAYEHHS] CKJIQAIB JUIsi 3BEACHHS Ta PEMOHTY HaJABOJHMX 1 MIIBOAHUX CHOpPYJ. 3acrtocyBaHHsS (i3UKO-
aHAJIITHYHOTO METOMy Ha BHUPOOHUIITBI J03BOJUTH OJHOYACHO BHUPIIIMTA CKOHOMIYHI MHTAHHS 3MCHIICHHS
cobiBapTocTi OyIIBHHMIITBA Ta PEMOHTY, €KOHOMIIO CKJIaJOBHX OCTOHY Ta 3a0e3MeYuTH OTpPUMaHHS OETOHY i3
3aJaHUMH BJIACTUBOCTSIMH JUIsl CIIEIM(DIYHUX YMOB eKCILTyaTallii TpPaHCIIOPTHUX ITYYHHUX CHOPYI.
Kmiouosi crosa: cknan 6eTony; (hi3UKO-aHATITHYHUN METOT; TIAPOTEXHIYHUIA OCTOH
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CHUCTEMA YIIPABJIEHHUSI COCTABOM U CBOMCTBAMM
I'MAPOTEXHUYECKOI'O BETOHA

Hens. Hayunas paboTta cBoedl menpi0 mMMeeT pa3paboTKy W ampoOaruro WH(GOPMAIMOHHONW CHUCTEMBI IS
peleHus 3a1a4 MPOEKTHUPOBAHMS U YIPaBICHUS COCTaBOM OeTOHa (U1 KOHCTPYKIMIT M COOPYKEHHH >KEeNEe3HbBIX
JIOPOT) Ha OCHOBE AITOPUTMA (PU3UKO-aHAIUTUYECKOTO METOJAa paciyeTa COCTaBa T'MAPOTEXHHUIECKOro OETOHA.
MeToanka. [IpeiokeHHBIN aIrOpUTM pacdeTa COCTaBa THAPOTEXHUYECKOro OeTOHa 06a3upyercsl Ha MOJ0KEHHUAX
(U3UKO-XMMUYECKOH MEXaHHUKH MW, B YAaCTHOCTH, PEOJIOTHH YIPYro-BA3KO-IUIacTHdeckux Ten. Cucrema
KaHOHMYECKUX YPaBHEHHWH COCTaBa COCTOMT M3 YypaBHEHMH IPOYHOCTH OeToHa, aOCOJIOTHBIX O0BEMOB
COCTAaBJISIFOLIMX, KOHCUCTEHIIMM OETOHHOM CMECH M YPaBHEHUsI ONTHMAIILHOTO HACHIIIEHHsI OETOHA 3alIOJIHUTEISIMU
IIpY MUHMMAaJIbHOM pacxoje IeMeHTa. COBMECTHOE peLIeHHEe YEThIpeX IePEUMCIIEHHBIX YpaBHEHMH cocTaBa
MO3BOJISIET ONPENENIUTh JUIS JIAaHHBIX MarepualioB COCTaB OeToHa 33JaHHOM NPOYHOCTH M HEoOXOoAMMOI
y1o0OyKIIaIbIBAEMOCTH OETOHHOH CMecH € MHHHMAJIBHBIM DPacxoJoM IeMeHTa. Ilopsjok pacdera cocTasa
THIPOTEXHUYECKOTO OETOHa M0 (M3MKO-aHAJMTHUECKOMY METOXy pasjiensercs Ha jaBe 4acT: 1) ¢usndeckyto,
MPEACTABISIIONIYI0 J1a00paTOpPHOE HCIIBITAHME KOMIIOHEHTOB OETOHHOM CMEcH B Pa3HBIX COCTaBax OETOHOB;
2) aHANUTHYECKYIO, KOTOpas TIPEICTaBIsIeT COOOM alropuTM pacdera COCTaBOB OETOHA, SKBHBAJICHTHBIX IIO
MPOYHOCTH OEeTOHAa W yI0OOYKIagblBAEMOCTH OETOHHOM CMeCH, OTBEYAIOIIYI0 KOHKPETHBIM YCIIOBUSM
6eronnposanus. PesysabTarel. [lns penieHus 3aqaun NPOEKTHPOBAHHS COCTaBa OETOHA C 3aJlaHHBIMU CBOWCTBAMH
JUISL KOHCTPYKLMH M COOPYXKEHHH JKeNe3HBIX IOPOT MPEIIOKEHO HCIOIb30BaHNE WH()OPMAIMOHHBIX TEXHOJIOTHI
B BHAE pa3pabOTaHHOW KOMIIBIOTEPHOH MPOrpaMMbl, B alrOPUTM pPabOTHl KOTOPOH IIOJIOXKEH (U3UKO-
AQHAJMTUYECKUH METOJI OINPEAEsIeHHsI COCTaBOB rHaporexHuyeckoro Oerona. Hayunas nHoBu3Ha. PaspaboraHHbIN
METO]l IPOEKTUPOBAHMSI COCTABOB OETOHA YUYNTHIBAET OCHOBHBIE CBOMCTBA HCXOAHBIX MaTepHalIOB, OETOHHOI cMecH
n OeToHa, KOTOpBIE ONPENEeISIOTCS NpenBapUTeIbHO. OTINYNTENHHOH OCOOCHHOCTBIO (DM3MKO-aHATUTHYECKOTO
MeToJla SABJSIETCS MOJIydeHHe Habopa SKBUBAJIEHTHBIX COCTABOB C 3aJaHHON KOHCHUCTEHIHMEH OeTOHHOI cMmech
U TIPOYHOCTHIO OETOHA, YTO MO3BOJIIET ONTUMHM3MPOBATh COCTAaBBl OETOHA IO JIOOBIM KPUTEPHSM ONTHMAaIbHOCTH
B 3aBHCHMOCTH OT yCIIOBHH dKkcITyaranmu. [IpakTuyeckasi 3HaunMocThb. Mcronbs3oBanne pa3paboTaHHOTO METOIa
MIO3BOJINT _PACIIMPHUTE €ro  (PYHKIHMOHAIbHBIE BO3MOXKHOCTH TIPH HCIIOJIb30BAHHM B BHJE KOMIIBIOTEPHOM
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IporpaMMbl Ha3HAu€HHs] COCTaBOB JJIS BO3BEACHHUS M PEMOHTa HAABOAHBIX U TOABOAHBIX COOPYKEHHUIL.
[Mpumenenre GpU3NKO-aHAIUTHYECKOTO METO/IA HA MPOU3BOCTBE MTO3BOJIUT OJTHOBPEMEHHO PEIINTh IKOHOMHUYECKHE
3a7a4d yMEHBLIEHUsI ce0ECTOMMOCTH CTPOUTENBCTBA U PEMOHTA, IPOU3BOJUTH SKOHOMHIO COCTABIISIIONINX OEeTOHA
n o0ecneynTh MOJy4YeHHEe OeTOHa C 3aJaHHBIMH CBOMCTBAMH ISl CIEIM(UYECKHX YCJIOBHH ODKCIUTyaTalluu
TPAHCHOPTHBIX UCKYCCTBEHHBIX COOPYXKEHUH.

Kniouesvie cnosa: cocta 6eToHa; (pU3NKO-aHANUTUYECKUI METOJ; THAPOTEXHUYECKUN OETOH

REFERENCES

1.  Bazhenov Yu.M., Vorobev V.A., Ilyukhin A.V. Osnovnyye podkhody k kompyuternomu materialovedeniyu
stroitelnykh kompozitsionnykh materialov [Main approaches to computer materials of construction and
composite materials]. Stroitelnyye materialy — Nauka — Building Materials — Science, 2006, no. 7, pp. 2-4.

2. Bazhenov Yu.M. Sposoby opredeleniya sostava betona razlichnykh vidov [Methods of determining the
composition of various concrete types]. Moscow, Stroyizdat Pabl., 1975. 272 p.

3.  Gnyrya A.L, Korobkov S.V. Tekhnologiya betonnykh rabot v zimnikh usloviyakh [The technology of concrete
works in winter conditions]. Tomsk, Tomskiy gosudarstvennyy arkhitekturno-stroitelnyy universitet Publ.,
2011. 412 p.

4.  Hromova O.V. Osnovy proektuvannia optymalnykh skladiv betonu zi znyzhenym teplovydilenniam [The
basics of concrete mixtures optimal design with low heat dissipation]. Tezisy 74 Mezhdunarodnoy nauchno-
prakticheskoy konferentsii «Problemy i perspektivy razvitiya zheleznodorozhnogo transporta (14.05—
15.05.2014)» [Thesis of 74 Int. Sci.-Practical Conf. «Problems and prospects of railway transport development
(14.05-15.05.2014)»]. Dnipropetrovsk, DIIT Publ., 2014. 364 p.

5. Dvorkin O.L., Goryachikh M.V., Shmigalskiy V.N. Proyektirovaniye i analiz effektivnosti sostavov betona
[Design and analysis of the concrete composition effectiveness]. Rovno, RGTU Publ., 2008. 177 p.

6.  Dvorkin L.I, Dvorkin O.L. Proyektirovaniye sostavov betona s zadannymi svoystvami [Design of concrete
mixtures with desired properties]. Rovno, RGTU Publ., 1999. 202 p.

7. Pshinko O.M., Krasniuk A.V., Hromova O.V., Palii V.V. Zastosuvannia materialiv ta dobavok dlia
modyfikatsii tekhnolohichnykh 1 ekspluatatsiinykh vlastyvostei remontnykh sostaviv spetsialnoho
pryznachennia pry remonti budivel ta inzhenernykh sporud na transporti [The materials and additives
application for the modification of technological and operational properties of repair compounds for special
purposes in the repair of buildings and engineering structures on the transport]. Visnyk Dnipropetrovskoho
natsionalnoho universytetu zaliznychnoho transportu imeni akademika V. Lazariana [Bulletin of
Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan], 2008, issue
24, pp. 134-138.

8. Latorets Ye.V., Mikheyev I.A. Analiz primeneniya sovremennykh informatsionnykh tekhnologiy dlya
resheniya zadach proizvodstva tovarnogo betona [Analysis of modern information technologies application for
solving problems of concrete production]. Vostochno-Yevropeyskiy zhurnal peredovykh tekhnologiy — Eastern
European Journal of Enterprise Technologies, 2011, no. 3/9 (45), pp. 4-6.

9. Pluhin A.A., Kalinin A.O., Sizova N.D. Informatsiina systema upravlinnia skladom i vlastyvostiamy betonu
dlia konstruktsii i sporud zaliznyts [Management information system composition and properties of concrete
for structures and buildings of railways]. Visnyk Donbaskoi akademii budivnytstva ta arkhitektury. Suchasni
budivelni materialy [Bulletin of Donbass Academy of Civil Engineering and Architecture. Modern Building
Materials], 2014, issue 1 (105), pp. 118-122.

10. Punahin V.M., Pshinko O.M., Rudenko N.M. Pryznachennia skladiv hidrotekhnichnoho betonu [The purpose
of hydraulic concrete structures]. Dnipropetrovsk, Art—Press Publ., 1998. 213 p.

11. Sizova N.D., Mikheyev I.A. Algoritm resheniya zadachi proyektirovaniya sostava betona metodami
matematicheskogo planirovaniya eksperimenta [The algorithm for solving the problem of concrete structure
design by the methods of mathematical planning of the experiment]. Vostochno-Yevropeyskiy zhurnal
peredovykh tekhnologiy — Eastern European Journal of Enterprise Technologies, 2010, no. 2/6 (44), pp. 8-10.

12.  Sizov V.P. Proyektirovaniye sostavov tyazhelogo betona [Design of heavy concrete structures]. Moscow,
Stroyisdat Publ., 1980. 144 p.

13.  Design and Control of Concrete Mixture. Ottava, Portland Cement Association (PCA) Publ., 1984. 120 p.

14. Marthong C., Agrawal T.P. Effect of Fly Ash Additive on Concrete Properties. Int. Journal of Engineering
Research and Applications, 2012, no. 2, pp. 1986-1991.

doi: 10.15802/stp2015/52289 © O. M. Pshinko, A. V. Krasnyuk, O. V. Hromova, 2015

203



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancrnopty. BicHuk J[HIIponeTpoBchKOro
HAaI[IOHAJIBHOTO YHIBEPCHTETY 3alli3HUYHOTr0 TpaHcmopty, 2015, Ne 5 (59)

TPAHCIIOPTHE BYJIBHUIITBO

15. Raheem A.A., Olasunkanmi B.S., Folorunso C.S. Saw Dust Ash as Partial Replacement for Cement in

Concrete. Organization, Technology and Management in Construction: An Int. Journal, 2012, vol. 4, issue 2,
pp. 474-480. doi: 10.5592/0tmc;j.2012.2.3.

16. Sliwinski J. Beton zwykly — projektowanie i podstawowe wlastiwosci. Krakow, Polski Cement Sp. z o.o.
Publ., 1999. 164 p.

Prof. M. I. Netesa., D. Sc. (Tech.), (Ukraine); Prof. S. A. Shcherbak., D. Sc. (Tech.), (Ukraine) rec-
ommended this article to be published

Received: June 15, 2015
Accepted: Aug. 14, 2015

doi: 10.15802/stp2015/52289 © O. M. Pshinko, A. V. Krasnyuk, O. V. Hromova, 2015

204



