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Abstract. The article discusses the problem of efficient agendustrial and consumer wastes in
special-purpose products. The task of developingeno advanced materials remains very urgent:
replacement of currently widely used wooden andfoeced concrete sleepers with sleepers made of
water-resistant wood-glass composite material (D#)/Qvhich will ensure preservation of the line
forest (conventional raw materials for the manufeetof wooden sleepers), significant reduction of
the weight of sleepers (due to almost complete ietron of metal) and their rigidity, saving of
electricity and increase of the service life oeglers.

PA3PABOTKA HOBOI'O KOMIIO3UIITMOHHOTI'O MATEPUAJIA C
3AJAHHBIMHX CBOUCTBAMMA
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KuroueBble ci10Ba: 1peBecrHa, OTXO0/1bl, KOMIO3ULIMOHHBIN MaTepua, CBOMCTBA, UCIOJIb30BAHUE.
AHHoTanus. B ctatbe paccmorpena npobGiema 3¢(HEeKTUBHOTO MCHOJIB30BaHUS MPOMBIIUICHHBIX U
HOTpe6I/ITeJII>CKI/IX OTX0OOB B HU3ACIAUAX CIOCOHUAJIBHOI'O Ha3HA4YCHUA. 33.2[21‘121 pa3p2160TKI/I
COBpPEMEHHBIX MEPEOBBIX MAaTEPUAIOB OCTAETCS BEChMa aKTyaJbHOM: 3aMeHa IUPOKO MUCIOIb3YEMbIX
B HaCTOAMICC BpPCMA ACPCBAHHLIX U )KG.HGSOGQTOHHBIX mrajl Ha H[Imajabl U3 BO,Z[OCTOﬁKOI‘O
JPEBECHOCTEKIIOBOJOKHUCTOr0  Kommosunuonnoro  mMarepuana (JICBKM), wu4ro obecneunt
COXpPaHCHUC CTPOCBOIO JICCAa (OGBI‘-IHO@ CBIPbC IJIsI U3TOTOBJICHUA ACPCBAHHBIX mnan), 3HAYUTCIIBHOC
YMEHbBIIICHUE MACChI Imai (3a CUeT MPAKTUYECKH TMOJHOTO MCKIFOUEHHS METalia) U MX JKECTKOCTH,
HKOHOMHMIO 3JIEKTPOIHEPTHH U TMOBBIIICHUE CPOKA CIYXKObI LIITaj.

The given article acquires special actuality inwi@f anticipated global changes
in our planet’s atmosphere, when the warming arssipte floods result in the woods
destruction and reduction of oxygen amount. Theegfalready today it is necessary to
preserve the woods, utilizing solid wood for coasting articles only when it is not
possible to substitute it by other materials. Mesrothe modern tendencies in the
development of wood products market demonstrateutiigation of this material in
more profitable directions [1].

The problem of both industrial and consumer waafgsication acquires special
actuality in the conditions of ecology deteriorati@and growing deficit of raw
materials. Only in Russia about 60 million tansmafstes are produced annually, those
of polyethylene and plastic bottles constituting 8#4otal amount. At the moment the
wastes of woodworking enterprises constitute 20...506P6the total amount of
processed wood (wooden chips and saw-dust) [2]s€mprently, their modernization
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should be aimed at the more efficient utilizatidrraw and energy resources alongside
with the technology improvement.

Reinforced concrete as a substitute is practicadiyal to the wood in its initial
value and durability, therefore it can be widelylizéd on the railroads (for ex.
sleepers, plates, supports). At the same time,ntlaiterial has a number of physical-
technical and mechanical limitations (fragilitygidity and extra mass of finished
products) negatively affecting the foundation battshe under-rail zone and breaking
down the chassis of the rolling stock. These factoevitably bring about big economic
losses.

Thus, the task of developing modern advanced nadgeboth deprived of the
above mentioned shortcomings and guaranteeing emance reliability remains very
actual.

The properties analysis carried out for the mateagplied for special purpose
products both in Russian Federation and abroadaledeheir serious limitations. It
also made possible utilizing the experience oftargacomposite materials on the basis
of furfural resin existing in Voronezh State Forgstniversity. Taking natural
composite — wood as a standard, the following geiho€making composite materials
with improved qualities was offered: furfural resi+3 times cheaper than other
thermosetting resins was applied as one of the lzasnponents; wooden lump wastes
of wood-processing industry were used as the laggeegate [3].

The resulting wooden fiber-glass composite matéWerGCM) was supposed to
possess assigned set of physical-mechanical gsalithproved strength, high chemical
resistance and durability. To solve this task weehadeveloped a mathematical model
of WFGCM composition designing.

The explored material WFGCM presents a system dnatunine components:

1) furfural resin;

2) polymerization catalyst;

3) glycerin — crystallization inhibitor

4) sifted sand;

5) threshed sand or andesite;

6) graphite flour,;

7) plumbum chloride;

8) wooden chips;

9) fiberglass (in the form of net).

Correlation of mass parts of these composites,allsas the wooden chips sizes
are supposed to define the modification phenomerudn physic-mechanical

characteristics WFGCM, such as ultimate tensilensfth Under pure bending,,,
elastic modules under pure bendibg, ultimate tensile strength under compression
Oy, €lastic modules under compressim,,., ultimate elongations,, durability

coefficientK ,,, .

Mathematical model of WFGCM composition projectiocludes formation of
six linear regression equations for above — mertiophysical-mechanical composite
characteristics as well as the following definitiminadequate ingredients supporting on
the given level the pre-defined characteristicgheffinal material.
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The regression equations are developed on the lbasegperiment plan matrix
{Xij} (i=1,...62 j=1,...11, X;=1) (with different meanings of input parametersfysi

two experiments). The corresponding measurement  towvec
7, = {04 Ey, 0 Ec0 5, K}, (i = 1...6) are the result of statistics processing in every
set of tests [4].

The dependence between the input and output pagesnistsupposed to be of
linear nature and has a form of

Ni(X) =6 X +8; % +..+6 X, (1)
Where&,j (i=1,...,6, j=1,...,11) — are the coefficientdiakar regression.

The coefficients of linear models (1) can be founydthe method of the least
squares [3]. The definition algorithm aﬁ,j Is realized with the help of Excel set of

electronic tables. We choose the given programrmeeause they allow visibly present
the data, as well as efficiently support numeripliga for data processing. All
calculations are given for the encoded variables:

Z = (X=X ) l(Xmax = Xmin)”?i = (17 = 1¢p) I{Tmax = Mmin)- 2)
Here the index (average) is applied for the averaganing value.
In the result of the above mentioned calculatitreslinear regression models are

received for six WFGCM quality criterions. Theirafbcients are presented in the table
1.

Tab. 1. Coefficients of WFGCM quality criteria
1 2 3 4 5 6 7 8 9 10

0,71341,126% -0,31| -0,202/-0,663-0,5850,57490,1796 0,842 0,6462
0,39021,5815-0,336 —0,523/-0,855-0,8470,81450,70250,0581 0,7944
0,2064 1,193| 0,225|-0,704/-0,403-0,615 0,261/0,9339-0,191 0,1099
-0,113-0,324-0,366 -0,714/1,1403 1,153|0,0459-0,181,0,1991 —0,049
0,88490,73420,4206 —-0,194/-0,553-0,381,0,45790,21870,5823 0,5231
1,269 -0,678-0,293 —0,032/0,93491,22760,22680,8868-0,267 —0,134

=0

OO WN|F

In the result of calculations of equations coeéfits (1) it became possible to
pass to the problem of material structure definitihich was supposed to answer the

desired meanings of efficiency parameteis,,E,,d,,., E.. €y, K., The

CoHC !
mathematical formulation of this task includes lgpear equations with already known
coefficients:

8;%; =7+ 7 =184, EysFoner Ecner s Ko} 1=1...6,j=1..111, 3)
the condition for percentage parts of compositeadignts of WFGCM:

X+ X5 +...+ X9 =100, 4)
and the system of inequalities:

-1<%x <1i=1.9, (5)

0< x5 < 05, (6)
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X10 210, (7)
15< 0, < 24 MIla), (8)
1010% < E, <1,2010*(MITa), (9)
20<d,,. <30(Mlla), (10)
10110* < E,,. <1200%(MITa), (11)
04<Z,< 05 (12)
045< K, < 062 (13)

The inequality (5) is connected by the definitidnemcoded variables (2). The
limitations associated both with the glass-net eon{6) and the sizes of wooden chips
(7) are introduced because of the special requmésnef railway ties production
technology, developed in VSAFT [1, 3], while (8...13} answering the
recommendation of RRIRT (Russian Research Instalikail Transport).

The above formulated mathematical model is in flagtoptimization task, which
can be solved by the method of Newton supporteth&\Excel set of electronic tables.
The accuracy of approximation meanings of the diwecfunctions to the optimal

values/j; and the maximal iteration number varied in the famrks of solvation

definition algorithm offered by the given set.

Table 2 presents the data of WFGCM compositionsfyatig the above-
mentioned demands. The meanings of correspondijegtole functions are given in
table 3.

To receive the statistically reliably WFGCM phydiogechanical characteristics
the most adequate composition option 6 was selected

The comparison of received statistically reliableygical-mechanical basic
characteristics of the selected composition withglven RRIRT and theoretic (table 4)
ones proved the validity of the developed model.

Tab. 2. Theoretic material compositions receivedigymethod of mathematical
modeling

Components Possible compositions of WFGCM, % mass
1 2 3 4 5 6

Furfural resin 19,2 19,2 19p 19|13 192 19,2
Benzenesulfonicacid3,9 | 39| 39| 43| 41 4,1
Glycerin 03| 03| 03 03 0,3 0,3
Sand 34,4 30,1 33,3 40,1 385 38,7
Andesite 149 18,8 16,0 1271 121 121
Graphite 4,71 43| 4,6 5,6 45 47
Plumbum chloride 0,1 0,1 — — 0,1 01
Fiberglass 0,5/ 0,5 0,5 05 04 05
Wooden chips 220 228 222 17,8 20,8 20,3
Length of chips,sm| 10,0 11, 10,0 12,3 14,0 16,0
Total 100 | 100, 100, 100 100 100
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Tab. 3. Experimental physical-mechanical compadiacteristics
Physical-mechanical characteristics Characterifticselected
composition (table 2)
1 2 3 4 5 6
lldllgmate tensile strength Under pure bendin%2 0l 2231220l 1831185/ 19 1
a , , , , , ;
Ultimate tensile strength under compressio
MPa r'20,0 18,9/ 20,0 20,0{ 19,8| 20,0
Elastic modules under pure bendidg* MPa | 1,2 | 1,2| 1,2/ 1,0 1,0 1,0

Elastic modules under compressi@f’, MPa| 0,9 | 0,9| 09| 1,00 09 1,0
Ultimate elongation, % 0,4/00,43| 0,45| 0,42/ 0,37/ 0,39
Average density, g/m 0,6 | 0,56/ 0,6 | 0,61] 0,5| 0,6

Tab. 4. Experimental, theoretic and offered RRIRTygical-mechanical
composite characteristics

Physical-mechanical characteristics Charactensices
RRIRT |theoretical experimentall

I\U/Ilgr;ate tensile strength Under pure bending, 15..20| 191 215
ulgglate tensile strength under compression, 6.0 20,0 17.4
Elastic modules under pure bending MPa 0,8..1,0 10 1,0
Elastic modules under compressioff Pa 10..1,2 10 0,99
Ultimate elongation,% — 0,39 0,48
Average density, g/i 09..1,2 - 1,2

The error between the values being 13...15%, we paaksabout satisfactory
results for the parameters of ultimate elongatibime elastic modules are practically
equal [1, 3]. Consequently, the given model camajmaied for the composite material
designing.
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