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CONCRETE PROPERTIES IMPROVEMENT OF SLAB
TRACKS USING CHEMICAL ADDITIVES

Purpose. On the Railways of Ukraine a very large number of slab tracks are operated with cracks. Many scien-
tific works of previous years are dedicated to improving the design of slab tracks. The main causes of defects are:
poor exploitation of the track; insufficient physic-mechanical characteristics of concrete; poor quality of initial mate-
rials. It is therefore necessary to develop an optimum concrete mix for the manufacture of these concrete products.
Methodology. To assess the impact of individual factors and effects of their interactions on properties of concrete
mix and concrete method of experimental and statistical modeling was used. At this, methodological fundamentals
of mathematical experiment planning in concrete technology and modern methods of optimization of composite ma-
terials were taking into account. Based on the obtained data during the planned experiment conducting, including
15 studies and using the computer program MathCad, were obtained the regression equations, which describe the
relevant physical and mechanical properties of concrete. On the basis of the equations with the help of computer
program MATLAB R2012b the graphs were drawn, illustrating the dependences of system response from the
changes of two factors at a fixed value of the third factor. Findings. Firstly was the analysis of cracks that occur in
the process of operation in the constructions of slab tracks. Further reasons of possible occurrence of these cracks
were presented. In the process of the conducted research the author has concluded that for rational concrete mix de-
velopment it is necessary to conduct the planned experiment with the use of quality materials. It was established that
to increase the strength, chemical additives should be added in to concrete mix, it will let reduce cement amount.
Originality. Experiments proved the usage of modern chemical additives in order to improve the properties of con-
crete. Models were developed, reflecting characteristics of concrete strength. With their help one can optimize con-
crete composition. Practical value. Research proved that the usage of more sustainable concrete mix for production
of slab tracks will increase their strength, and with it the reliability of these designs mechanical properties.

Keywords: slab tracks; deck of bridge; concrete sleepers; durability; crack strength; optimal concrete composi-
tion; damages; impact factors; stress; deformation; response model of system

Introduction Ukrzaliznytsia existing lines, shows that the slabs,
which are produced nowdays are not reliable and
durable. During a short operation period (approxi-
mately 5 years) they can get massive damages.
Thus, there is a problem of insufficient crack resis-
tance of slab tracks.

Durability of slab tracks (concrete sleepers,
slabs of ballastless bridge deck (BBD) depends on
many factors.

The main defects of slab tracks are cracks, lo-
cated in different places and directions. Therefore
it is necessary to determine the primary causes of

their occurenece and make recommendations con-
cerning the possible elimination of these defects.
The analysis of research materials and publica-
tions indicates that significant increase of concrete
surfacing frost resistance can be achieved by for-
mation of a certaine material structure: to minimize
the number of pores and achieve their anisotropic
location; reduce internal stresses in the concrete
through the use of non-shrink technologies, which
will reduce the level of cracking growth. Experi-
ence examinations and tests of BBD, conducted at

Purpose

To analyze previous experience regarding the
occurrence of defects in slab tracks during the op-
erational phase. To set forth results of the planned
experiment. To improve the properties of concrete
with specially matched complex chemical addi-
tives PLKP (TJIKII).
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Methodology

To assess the individual factors impact and ef-
fects of their interaction on the properties of the
concrete mixture and concrete, the method of ex-
perimental and statistical modeling was used. At
the same time methodological basis of experiment
of mathematical planning in concrete technology
and modern methods of composite materials opti-
mization was taken into account. Based on the ob-
tained results during the planned experiment,
which included 15 experiments using the computer
program MathCad, was received the regression
equation, which describes relevant physical and
mechanical characteristics of concrete. Based on
the obtained equations, using a computer program
MATLAB R2012b, graphics were drawn that re-
flect dependences of system response from two
impact factors change at the fixed value of the
third factor.

Statement of base line. The main defects, iden-
tified in concrete sleepers and BMP slabs are
cracks, located in different places and directions.

As it shown in [3] the most common type of de-
fect is split of sleepers along through longitudinal
crack that runs through reinforcing bars (approxi-
mately 25% of the total detected ones), which, in
turn, caused by insufficient physical and mechani-
cal characteristics of concrete, both at the manufac-
turing stage of a slipper and at the stage of laying it
in to the permanent way. The main causes of defect
for this type is «culture» of sleeper manufacture;
insufficient thickness of the protective layer of
concrete; poor quality of materials, used for the
concrete mix production; imperfect choice of the
concrete; low quality of mixing, installation and
vibration of concrete mix and the wrong choice of
steam curing mode. Quality control of all these
factors will significantly reduce the emergence of
defects of this type.

The second most common operating defect is
split of a slipper on a through longitudinal crack
with the opening of more than 3 mm, passing
through a hole for insert bolts (approximately 17%
of the total detected ones). This defect can be
ranged to those, arising from the poor-quality op-
eration of a track. To prevent the occurrence of de-
fects of this type one should regularly to carry out
diagnostics and continuous insert bolts tightening.

The third and fourth types by the number of de-
fects is fracture of the sleeper in the middle part

with concrete destruction, opening of transverse
cracks or reinforcement break and fracture of the
sleeper in the slab track with the destruction of
concrete, opening of transverse cracks or rein-
forcement break (respectively 15% and 11% of the
total detected ones). These defects of sleepers may
arise as during the new construction and through
the operating deficiency of the track.

Also common type of defect is the longitudinal
crack with opening up to 3 mm, that comes
through reinforcing bars at the ends and middle of
sleepers (approximately 10.5% of the total detected
ones). This defect occurs because of the same rea-
sons that the split through longitudinal crack, so it
is fair to say that preventive methods of this type of
defect for them have to be identical. Other defects
are less common.

So one can confirm that main causes of defects
are poor operation of the track and insufficient
physical and mechanical properties of materials for
railway sleepers production.

Ballastless bridge deck (BBD) on the railway
slabs has great stability of elements set. It protects
upper chord of traffic areas and links between them
from pollution and corrosion, ensure safety pas-
sage of wheel set across the bridge in case of de-
railment and it is economical by total value of pro-
duction and laying. All this means massive use of
BBD on concrete slabs in the construction of new
bridges and reconstruction of railway ones that are
operated. At the same time, during the examination
many of the bridges, was found a large number of
cracks in the concrete slab with shrinkage and
power character.

There is typical sequence of cracks develop-
ment and formation. Usually shrinkage cracks ap-
pear first on the lower or upper surface of the slab.
Then under temporary load and depending on sup-
port conditions, shrinkage cracks on the slabs soffit
grow in strength longitudinal or transverse ones
relative to the axis. Further, due to the variable na-
ture of slabs loads, cracks become through and are
being developed along the axis from end to end or
across the axis from high-strength pins to the ends
of slabs. Also a large number of defective slabs
with cracks was registered that pass diagonally
through technological holes (for pins, counteran-
gles) that significantly reduces longevity of bridge
deck, and consequently, its reliability, increase op-
erating costs [3, 9, 10, 11].
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From the literature review it can be seen that
many constructive solutions to improve the reli-
ability of slabs of BBD were offered. But very lit-
tle attention is paid to such problems as imperfect
concrete, from which these slabs are produced,
namely: the use of poor-quality aggregates, con-
crete mix heterogeneity, inadequate strength, frost
and crack resistance of concrete.

As a result of all the above noted it can be con-
cluded about the need to develop the optimal con-
crete composition for the manufacture of slabs
both BMP (BMII) and concrete sleepers to im-
prove their durability.

Results of the planned experiment. As the
cement binder was used Amvrosiivskyi PTs I-500
N H that meets State Standard of Ukraine B.V.2.7-
46: 2010 requirements «Building Materials. Ce-
ments for general purposes. Specificationsy.

As the aggregates were used the following ma-
terials: river sand with a fineness modulus of 1.28,
which meets the requirements of State Standard of
Ukraine B.V.2.7-32-95 «Fine aggregates for con-
struction materials, products, structures and works.
Specifications» and sand with fineness modulus of
2.8 according to All-Union State Standard B.V.2.7-
210: 2010 «Sand from screenings of crushing ig-
neous rocks for construction works. Specifica-
tions» and gravel, fractions 5-20 mm in accordance
with All-Union State Standard B.V.2.7-75-98
«Building materials. Crushed stone and gravel are
dense natural for building materials, products,
structures and works. Specificationsy.

Experimentation let reduce the amount of ex-
perimental research and gain, at this, quite prob-
able model system behavior.

Implementation of the planned experiment is
conducted in the following sequence [2]:

— formulation the problem, main indicators
choice of quality control of system functioning
(outputs Yi);

— the main factors choice influencing the
system and the range of their changes by prior in-
formation,;

— conducting the experimental studies by
a fixed algorithm of a plan;

—  statistical analysis of the results.

The factor is pacing to form certain characteris-
tic or it has a significant positive effect. It does not
have an extreme nature within reasonable varia-
tions, and, at the same time, affect negatively other

characteristics. Impact analysis change of this fac-
tor is necessary to establish its rational value, i.e.
negative impact limit at maximum possible main-
tenance of positive one.

In the case when dependence of impact factor
on fundamental characteristic of its action is ex-
treme or close to it nature, at additional negative
impact on other characteristics, stabilization of the
factor in the extremum area is rational.

Determining the factors of the experiment and
levels of their varying are presented in Table 1.

Table 1

Levels of variation
and natural values of factors

-1 0 +1
350 400 450

Factors Indexes

Cement X,
content of,
kg / m3

Screening X, 0 50 100
content, %
by weight
of fine
aggregate

The content X, 0 0,55 1,1
of additive
PLKP, %
by weight
of binder

Obtained mathematical model in the processing
of experimental results of interconnection between
factors X;, influencing the system, and system out-
put Y, that are response on impacts, at checking its
adequacy with sufficient probability reflects equa-
tion of objectively existing system state.

In this paper polynomial and experimental-
statistical model of general form is used

A k k
Y=a, +Zain. +Zainin +zal.in.2

i=1 i(j i=1

where, a, — value of system response at base level
of factors; a, — linear effect of factor X, which

characterizes the average rate of system response
change when factor control X, in the range -1 <

X, <+l a;

1

— quadratic effect of factor X,

b

which characterizes the acceleration system re-
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sponse change when factor control; a; — interac-

tion effect, changing the average rate of system re-
sponse change when factor control X, depending

on level of the factor X, .

Based on data, obtained at the planning ex-
periment, which included 15 experiments with help
of the computer program MathCad, was received
regression equation, which describes relevant
physical and mechanical characteristics of con-
crete.

Regression equations, obtained after models
statistical analysis, allow observing individual and
common impact factors on under study output pa-
rameters of the system.

Analysis of the resulting equations system of
basic parameters changes twill determine the per-
missible values of individual components content
in the mixture and optimize the concrete mix.

The regression equation, which reflects the av-
erage compressive strength of samples after ther-
mal and humidity treatment:

Y, = 399,773 + 50,045 - X, - 9,829 x
xX, +55,033 - X, -
-8,142 - X7 +17,372 - X; -5,682x
xX; -18,704 - X,- X, -
-1,061- X, - X, -16276 - X, - X,.

The regression equation, which reflects the av-
erage compressive strength of samples, at age of 7
days at hardening in natural environment:

Y, = 432,725+ 47,776 - X, +
+4,825- X, +25316 - X, -
-13,263 - X; -15,018 - X; +
+7,197 - X; -18,951 - X, - X, -
3,631- X, - X, +2,731 - X, - X,.

The regression equation, which reflects the av-
erage compressive strength of samples at age of
28 days at hardening in natural environment:

Y, = 516,448 + 50289 - X, —
-2,801- X, +23,266 - X, —
-7,893 - X7 - 12,733 - X; +
+30,122 - X; - 14,475 - X, - X, -
-0,193- X,- X, -4412 - X, - X,.

Based on the obtained regression equations, us-
ing the computer program MATLAB R2012b,
were constructed graphics that reflect system re-
sponses dependences from changes of two influ-
encing factors in the fixed value of the third factor.

The strength of concrete is an important charac-
teristic that determines its quality as a building ma-
terial and the ability to resist destruction from in-
ternal stresses, that arise as a result of external
loads. Therefore, was paid attention to concrete
strength primarily at the planned experiment.

Compressive strength of concrete depends di-
rectly on activity of a binder (cement) and on its
quantity in the mixture. However, high cement
content affect the strength of concrete surface to
some extent, after which it remains unchanged. In
this case, shrinkage will increase and change the
consistency of the concrete mix, increase the heat
emission and temperature and shrinkage cracks
will start appearing.
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Fig. 1. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% screening)
and X; PLKP (IIJIKII) at fixed index X, (I) =-1.
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Fig. 2. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)
on changes of influencing factors X, (% screening)

Fig. 4. Dependence model of system response
and X; PLKP (IIIKII) at fixed index X, (II) =0.

(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% cement)

and X; PLKP (IIVIKII) at fixed index X,
(% screening) = -
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Fig. 3. Dependence model of system response
(strength of (foncrete .at the age of 28 days, MP.a ) Fig. 5. Dependence model of system response
on changes of influencing factors X, (% screening) (strength of concrete at the age of 28 days, MPa)
and X ; PLKP (IUIKII) at fixed index X, (L) = 1. on changes of influencing factors X, (% cement)
and X; PLKP (IIJIKII) at fixed index X,
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Fig. 6. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% cement)

and X; PLKP (IIJIKII) at fixed index X,
(% screening) = 1.
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Fig. 7. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% cement)
and X, (% screening) at fixed index X
PLKP (IJIKII) = -1.
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Fig. 8. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% cement)

and X, (% screening) at fixed index X

PLKP (IUIKIT) = 0.
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Fig. 9. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% cementy)

and X, (% screening) at fixed index X

PLKP (IUIKIT) = 1.

il
TR,
S S,

doi: 10.15802/stp2015/57101

© V. V. Pristinskaya, 2015

169



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

Hayxa ta nporpec Tpancnopty. Bicauk [{HinponeTpoBchKoro

HaIliOHAJIIBHOTO YHIBepPCHTETY 3ali3HHYHOTO TpaHcHopty, 2015, Ne 6 (60)

TPAHCIIOPTHE BYJIBHUILITBO

Originality and practical value

Models were obtained that represent character-
istics of concrete strength depending on change in
each of three selected impact factors.

The practical value is to develop rational con-
crete mix for implementation the production of
concrete sleepers and slabs of ballastless bridge
deck.

Conclusions

In research it has been found that use of screen-
ing of 50% from total mass of fine aggregate is op-
timal, since at this ratio one can get optimal con-
crete mix placing and provide increased durability
of concrete, compared with the use of fine sand.

In the experiment was used PLKP (ITJIKII)
complex chemical additive, which has changed
slightly the cement stone structure. It led to proper-
ties improvement of concrete. Composition of ad-
ditives were chosen specially for use in the con-
crete preparation of slab tracks.

In the future conduction of more detailed ex-
periment in order to get such concrete mixture is
planned. It will have the necessary characteristics
of strength, water resistance, frost resistance, crack
resistance, and which can be recommended for the
production of concrete sleepers and BBS slabs.
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MMOKPAIIIEHHSA BJACTUBOCTEM BETOHY NIJIPENKOBUX OCHOB
3A 1OITIOMOT OO XIMIYHUX TOBABOK

Mera. Ha 3amizHumnsax YKpaiHn Ayke BelMHKa KiTBKICTh MiIPEHKOBHUX OCHOB EKCIUTYyaTY€TBhCS 3 TPIIIMHAMH.
Bararo HaykoBuX poOIT MONEpeAHiX POKIB MPHCBAYCHO BIOCKOHAIEHHIO CaM€ KOHCTPYKIIi MiAPEHKOBHUX OCHOB.
OCHOBHUMH NIPHYMHAMY BUHUKHEHHS A€(PEKTIB €: He3aM0BIIbHA eKCIUTyaTalis KOlii; HeAoCTaTHI (i3NKO-MeXaHI9Hi
XapaKTepUCTHKH OCTOHY; HU3bKa AKICTh BUX1IHUX MaTepianiB. ToMy B poOoTi HE0OXiTHO PO3POOUTH ONTUMAITBHUI
cKiag OeTOHy JUls BHI'OTOBJICHHS IMX 3ali300€TOHHUMX BHpOoOiB. Metommka. J[si OLIHKM BIUIMBY OKPEMHX
(akTopiB Ta edekTiB iX B3aeMOJIil Ha BJIACTUBOCTI OETOHHOI CcyMmiml Ta OETOHY BHKOPHCTOBYBABCS METOJ
CKCIICPUMECHTAJIbHO-CTaTUCTUIHOT'O MO/JCJIFOBAHHS. le/l IbOMY BpaxoBYBaJIUCh MeTO[lOJ'IOFi'-lHi OCHOBH
MaTeMaTU4HOTO IUIAaHYBaHHS €KCIIEPHMEHTY B TEXHOJIOTIi OETOHY Ta CydacHI METOAM ONTHUMi3amii KOMITO3UIIHHIX
MmarepianiB. Ha OCHOBI JaHMX, OTpUMaHMX B pe3yjbTaTi NPOBEICHHS IUIAHOBAHOTO EKCHEPHMEHTY, KOTpHUi
BKJIIOYaB y cebe 15 excriepuMeHTIB 3a JOIOMOror KoMl rorepHoi nporpamMun MathCad, Oyio oTpuMaHo piBHSAHHS
perpecii, 3a SKAMH OIMCYIOTHCS BIATIOBiAHI (Di3MKO-MEXaHIUHI XapaKTepucTUku OeroHy. Ha OCHOBI oTpuMaHHX
piBHSHB 3a gomoMoror ko toTepHoi mporpamu MATLAB R2012b Oyno mobOymoBano rpadikm, sKi
BiZIOOpa)KaloTh 3AJIEKHOCTI BIATYKIB CHCTEMH BiJ 3MiHHM JBOX (DaKkTOpiB BIUIMBY Ipu (iKCOBAaHOMY 3HAYECHHI
TpeTboro (akropy. PesyabraTtH. CrouaTky Oyio NpoBeNeHO aHajli3 TPINIMH, $SKi BUHHUKAIOTh y TPOLECi
eKCIuTyaTallii B KOHCTPYKIIAX MiAPeHKOBUX OCHOB. Jlami HagaHO MPUYMHHU MOKJIUBOTO BHHUKHEHHS WX TPIIINH.
B mporieci mpoBeneHUX AOCIIIKEHb aBTOPOM 3pOOJIEHO BHUCHOBOK, IO JJIsi PO3POOKH paIliOHATBHOTO CKJIaIy
OeroHy Tpeba NMpOBECTH IJIAHOBaHMH EKCIEPHUMEHT i3 BUKOPHCTAHHSAM SIKICHMX MarepialliB. Y pe3ylbTaTi 1bOro
BCTaHOBJICHO, IO JUIA IIJBUIICHHS MIIHOCTI HEOOXiMHE BBEICHHS XiIMIYHHMX T00ABOK JO0 CKJIaAy OCTOHY, IO
JIO3BOJISIE 3HU3UTH KUIBKICTH IieMeHTy. HaykoBa HoBH3HA. EKclieprMEHTalbHO BCTaHOBJICHO BHKOPHCTaHHS
CydJacHHX XIMIYHHX J00aBOK JUIs MOKpAIICHHS BIacTUBOCTE OeToHy. Po3poOiieHo Momeni, mo BimoOpa)karoTh
XapaKTePUCTHKH MIIIHOCTI OETOHy, 3a [OIIOMOTOI SKHX MOXKHA ONTHMI3YBaTH CKJIaJ OCTOHHOI CyMii.
[pakTnyna 3HaYUMicTh. J[OCTIIKEHHSIM BCTaHOBIICHO, II[0 BUKOPUCTAHHS OUTBII paIliOHAIFHOTO CKIAny OeTOHY
JUTS BUTOTOBJICHHSI TiIPEHKOBHUX OCHOB JO3BOJHTH MIABHINUTH iX MIIHICTB, a pPa3oM i3 OUM 1 HaAIWHICTh IHUX
KOHCTPYKIIiH.

Kniouosi cnosa: migpeiikoBi OCHOBH;, MOCTOBE IIOJIOTHO; 3aJTi300€TOHHI INIAIH; TOBTOBIYHICTH; TPIIMHOCTIH-
KiCTh; ONITUMATBFHAN CKIIa] OeTOHY; AedekTn; paKkTopH BIUIMBY; HAMIPyTa; Ae(opMarlisi; MOAEh BIITYKY CUCTEMHU
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VJAYUYIIEHUE CBOMCTB BETOHA IMOJAPEJbCOBBIX OCHOBAHUI
C IIOMOIIbIO XUMHNYECKHUX TOBABOK

Henb. Ha skenme3HbIXx goporax YKpawHbl OYeHb OOJIBIIOE KOJIMYECTBO IIOAPENbCOBBIX OCHOBaHWH
OKCIUTyaTUpyeTCa C TpCUIMHAMMU. MHuoro Hay4YHBIX pa60T npeaAbIAyIUX JIET MOCBAIICHO COBEPIICHCTBOBAHUIO
HMMCHHO KOHCTPYKIUH MOAPECIHLCOBBIX ocHoBaunii. OCHOBHBIMU npuiyuHaMy BO3HUKHOBCHUS )le(l)eKTOB SABJISIFOTCA .
HCYOBJICTBOPUTCIIbHAA OKCIUTyaTallusd NyTH; HEAOCTATOYHBLIC (l)l/ISI/lKO-MexaHI/I‘leCKl/Ie XapaKTCPUCTHUKHU 6eTOHa;
HU3KOE KayeCTBO MCXOIHBIX MaTepualioB. I[loaTomy B pabore HEoOXOAMMO pa3paboTaTh ONTHMAIBHBEIA COCTaB
OcTOHa JUIS WM3TOTOBJICHHUS 3THUX JKEJIE300€TOHHBIX m3ienuid. Meroamka. [y OLIGHKH BIHMSHHUS OTICIBHBIX
(hakTopoB M IPPEKTOB HX B3aUMOJCHCTBHS Ha CBONCTBa OCTOHHOW CMECH U OETOHA HCITONB30BAJICS METOJ
9KCIIEPUMEHTATBHO-CTATHCTUIECKOTO MOJCTUPOBaHUA. [Ipy 3TOM YYHTHIBAINCH METOIOJOTHUYECKHE OCHOBBI
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MAaTEMAaTU4YCCKOIo IJIAaHUPOBAHUA JSKCIICPUMECHTA B TEXHOJOI'MU 6€TOHa U COBPEMECHHBLIC METOAbLI ONTUMH3ALIUN
KOMIIO3UIIMOHHBIX MaTcpUuaioB. Ha ocnoBe JaHHbIX, IMOJYYEHHBIX B PE3YJbTATC NPOBCACHHUA INIAHUPYEMOI'O
9KCICPUMEHTA, BKIIIOYAOIIETO B ce0s 15 mccinenoBaHuil ¢ MOMOIIBI0 KOMITbIOTEpHOM mporpammbl MathCad, Obuin
MOJyYeHbl ypaBHEHWS PpErpeccHy, IO KOTOPHIM OIMCHIBAIOTCS COOTBETCTBYIOIIME (H3MKO-MEXaHHYECKHE
XapaKTepUCTHKU OeToHa. Ha OCHOBE MOJyYeHHBIX YpaBHEHMH C ITOMOIIBIO KOMIIbIOTepHOH mporpammel MATLAB
R2012b 6611 mocTpoeHs! rpaMky, OTpakaloIIMe 3aBUCUMOCTH OTKJIMKOB CHCTEMBI OT U3MEHEHHS IBYX (pakTopoB
npu (UKCHPOBAHHOM 3HA4YCHHH TpeTbero Qakropa. Pedyaprarel. CHauvanma OBIT NPOBEINCH aHANN3 TPEIIUH,
KOTOpBbIE BO3HHMKAIOT B TPOIECCe OKCIUTyaTallud B KOHCTPYKLHMSX IOAPENbCOBBIX OcHOBaHMH. Jlamee
MIPEAOCTaBJICHbl MPHUYMHBI BO3MOXXHOTO BO3HMKHOBEHHS 3THX TpeIlMH. B mporecce mpoBeAeHHBIX HCCIEI0BaHUI
aBTOPOM CJE€JaH BBIBOA, YTO AJISI pa3pabOTKM pPaIlMOHAIBHOTO COCTaBa OETOHA HY’KHO IPOBECTH IUIAHUPYEMBIH
9KCIIEPUMEHT C HCIOJIb30BAHMEM KadyeCTBEHHBIX MaTepualoB. B pesynbraTe 3TOr0 YCTAHOBJIEHO, YTO
JJId TMOBBIIICHUA ITPOYHOCTH HeO6XOZ[I/IMO BBCJACHUC XHUMHYCCKUX 1[06a301< B COCTaB 6eTOHa, 4YTO II03BOJIACT
CHM3UTh KOJHMYECTBO LemeHTa. HayuyHasi HOBHM3HA. OKCIEPHMEHTAILHO YCTAaHOBJIEHO HCIIOJIb30BaHHE
COBPEMEHHBIX XMMHUYECKHX J00aBOK [UIsi YJy4llleHHsi CBOMCTB OeroHa. Pa3zpaboTanHbl Mozenn, OTpa)karomiye
XapaKTEPUCTUKU MPOYHOCTH OETOHA, C IIOMOILNBI0 KOTOPBIX MOKHO ONTHMH3HMPOBATH COCTaB OETOHHOW CMECH.
IIpakTnyeckass 3HauyuMocTh. VcciienoBaHue poKas3alo, YTO MCIOJB30BaHUE OoJiee PalMOHAIBHOIO COCTaBa
OeToHa JuIl M3TOTOBJICHHUS IOJPENBCOBBIX OCHOBAHUM IMO3BOJIUT MOBBICUTH MX IIPOYHOCTb, & BMECTE C ITHM,
W HaIC)KHOCTh 9THX KOHCTPYKLIUH.

Kniouegvie cnosa: moapenbcoBble OCHOBAHUS; MOCTOBOE IIOJIOTHO; KeJIe300€TOHHbIE IIITANbI; J0JITrOBEYHOCTS;
TPEIINHOCTOMKOCTh; ONTUMAJIbHBIA cOCTaB OeToHa; Ae(eKThl; (HhaKTOPhI BIMSHUS; HalpshKeHUe; nedopmarusi; Mo-
JIeNTb OTKJIMKA CHCTEMBbI
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