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Abstract. This article analyzes the state and development of bicycle lanes infrastructure in
European countries. Comparative data on the load of bicycle transport in some countries of the
world are given in the work (number of bicycles per 100 inhabitants in the country). The article
presents the most interesting, in the authors’ opinion, technical solutions for ensuring the
convenience of cycling operation used in Switzerland, Germany and Holland. Trends in the use of
coatings for bicycle paths have been considered with a view for ensuring the safety and
convenience of bicycle operation. The results of a multicriteria analysis of existing road surface
materials are given in order to choose the most rational one for use on bicycle paths. The received
researches have shown that the best indicators providing demanded qualities of a material for a road
covering are cement concrete. High technical-economic and exploitation indicators of such coatings
are largely due to rational selection of the material composition.
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AHoTanifg. Y fgaHili CTaTrTi HABOAMTBHCS aHali3 CTaHy 1 PO3BUTOK 1H(PACTPYKTypu
BEJIOCUIIEHUX JOPLKOK B €Bpomneiichbkux KpaiHax. Y poOOTi HaBOJATHCS MOPIBHSAJIBHI JaHi MPo
HAaCHUYEHOCT1 BEJIOCUIIEJHUM TPAHCIIOPTOM B JAEAKHX KpaiHax CBITYy (KUIbKICTh BesocurneiB Ha 100
KUTEINIB KpaiHu). B cTaTTi mpenacTaBieHi HalOUIbII IiKaBl, HA AYMKY aBTOpA, TEXHIYHI PIIIEHHS
moA0 3a0e3NedyeHHs 3pYYHOCTI eKcIuTyaTalii BeloTpaHCHoOpTy 3acrtocoByBaHi B IlIBeiinapii,
Himeuunni ta T'omnannii. Po3ryisHyTo TeHIEHIIT BUKOPUCTAHHS IMOKPUTTS JJIS BEJIOAOPLKOK 3
MeTOI0 3a0e3nedeHHss Oe3NeKkHu Ta 3pydHOCTI eKCIUTyaTalii BenocuneniB. HaBeaeHo pe3ynbraTu
0araTOKpUTEpiaJIbHOTO aHalli3y ICHYIOUMX MaTepialiB JOpOXKHIX IMOKPUTTIB 3 METOH BHOOpY
HaNOIIBII palliOHATLHOTO /Il BUKOPUCTaHHS Ha BeNoAOpikKax. OTpUMaHi JOCTIIKEeHHS TOKa3aH,
0 HaWKpalmUMH TTOKa3HUKAMH 3a0€3MeuyloTh HEOOXiAHI SKOCTI MaTepiayly IJjisi JOPOKHBOTO
MOKPUTTSI € LEeMEeHTOOeTOH. BHCOKI TEeXHIKO-€KOHOMIUHI Ta eKCIUTyaTalliiiHi MOKa3HUKU TaKHX
MOKPUTTIB, Oarato B YoMy 00yMOBJIEH1 pallloOHAILHUM M1A00pOM CKIIaly Marepiaiy.

KirouoBi cjoBa: eKOJOTiYHMI TpaHCHOPT, BEJOJOPIKKA, IIEMEHTOOETOH, acdalsbT,
KpUTEpiabHUIN aHaJi3, HOKPUTTS, BEJIOCUIIE.
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AHHoOTanus. B 1anHOl cTaThe MPUBOIUTCS aHAIA3 COCTOSHHE M Pa3BUTHE UHPPACTPYKTYPHI
BEJIOCUIIEHBIX JTopoxkek B EBpormelickux crpanax. B pabore mpuBoasSTCS CpaBHUTENbHbBIC TaHHBIE
[0 HACBIIIEHHOCTH BEJIOCHUIECAHBIM TPAHCIOPTOM B HEKOTOPHIX CTpaHax MuUpa (KOJIUYECTBO
BenocuneqoB Ha 100 kuresei crpanbl). B craThe mpeicTaBieHbl HanbOJee HHTEPECHBIE, II0
MHEHUIO aBTOpa, TEXHUYECKHE pemieHuss 1o obecnedyeHuto yao0CTBa  IKCILTyaTaluu
BejioTpaHcnopta npumensiembie B IlIBeitiiapuu, ['epmanun u Nomnanauu. PaccMoTpeHsl TeHASHIUN
MCTIOJIB30BAHUS TOKPBITUS JJISi BEJIOJOPOXKEK C LENbI0 oOecriedeHus: 0e30MacHOCTH M ynoOcTBa
JKCIUTyaTalluu  BejocurenoB. llpuBeneHsl  pe3yibTaTbl  MHOTOKPUTEPUATIBHOIO  aHAW3a
CYIIECTBYIOIIUX MAaTE€PUATIOB JOPOKHBIX MOKPBITUM C II€JIbI0 BBIOOpA HamOoJiee parmoHaIbHOTO
JUIS UCTIONIb30BaHUs Ha BEJNOAOPOXKKax. [lomydeHHbIe HCcCaeI0BaHus TOKA3aIM, YTO HAaWIy4IIUMU
MOKa3aTeJsIMU  O0ecreynBaroImmue TpeOdyeMble KadecTBa MaTepualia i JTOPOXKHOTO TMOKPBITUS
SBIIACTCS IIEMEHTOOETOH. BBICOKHME TEXHUKO-DPKOHOMUYECKHE M HKCIUTyaTal[MOHHBIE IMOKa3aTesH
TaKuX MOKPBITUH, BO MHOTOM O0YCIIOBJIEHBI pallMOHAIBHBIM ITOJJOOPOM COCTaBa MaTepuasa.

KiroueBble c€JI0Ba: HKOJIOTMYECKUN TPAHCIOPT, BEIOJOPOXKKA, LIEMEHTOOETOH, achaibT,
KpUTEpHUATIbHBIN aHAJIN3, IOKPHITUE, BEJIOCHUIIE]T.

Introduction. Integration of Ukraine into the European Commonwealth (EU) requires from our
country the harmonization of normative documents for the construction of roads. An essential
shortcoming of the road infrastructure in our country is the lack of a developed bicycle paths network.
In recent years in many cities of Ukraine (Kiev, Kharkov, Vinnitsa, Lutsk, Odessa, etc.), there is an
intensive construction of bicycle paths and the infrastructure necessary for the operation of bicycle
transport. This shows the relevance of the problem of construction, operation and repair of bicycle
paths.

Analysis of recent research. A large number of scientists and specialists from Simon D.S.,
Fraser K.L., Pucher J, Buehler R., Laferrere G., Anna Goodman, Jenna Panter, Stephen J. Sharp,
David Ogilvie were engaged in the development of cycling communication in the advanced countries
of Europe and the world [1-4]. The development of individual ecological transport (IET) in the
advanced countries of Europe began in the 70s of the twentieth century. This was due to a significant
increase in traffic accidents with the death of people because of road transport [5]. To reduce the
number of accidents, the legislation of the EU countries was updated in the direction of tightening
traffic rules, as well as a significant restriction of cars movement in large settlements [5].

For this, necessary work was done to develop the infrastructure of the IET. One of the main IET
— is bicycle transport. Figure 1 shows the number of bicycles per 100 inhabitants, in some countries of
the world, and the intensity of use of this transport mode.

According to the data [5, 6], the number of bicycle trips is between 10 and 30% of the total
number of vehicles traveling. The sources [1-6] state the fact of a constant increase in the number of
bicycles used as means of transport. The wide distribution of bicycle transport in the EU countries
is ensured with the following advantages: environmental friendliness, compactness, mobility,
permanent readiness and safety. In addition to the advantages of bicycle transport, there are also
disadvantages: low speed, unstable driving in difficult conditions and insecurity of the driver in the
environment.

To ensure the efficiency and safety of cycling, a specialized infrastructure is needed. So the
issue of infrastructure development in cities of our country is devoted to the works of Gasenko
L.V., Litvinenko T.P. (Poltava NTU) [7].
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Figure 1. Number of registered bicycles per 100 inhabitants (Nyioo)

It includes: specialized bicycle paths; bicycle parking; special traffic lights and signs; points

of maintenance and repair, as well as special means for stopping at intersections, etc.

The bicycle path is the main element of the IET. They are usually classified according to the

following characteristics:

— depending on the location of the cycle track:

a) on the roadside;

b) on the sidewalk;

c) separately road.

— depending on the type of coating used:

a) rigid (prefabricated and monolithic coatings);

b) non-rigid (asphalt concrete, polymer concrete);

c) natural coatings (stone, primer, etc.).

— bicycle track covers can be performed: a) non-contrast (natural color coating);

b) contrasting (with the use of various paints, mastics, pigments), (Figure 2, a). Example, in

Los Angeles (USA) road surfaces were painted white (Figure 2, b). This allowed: to improve safety
(due to improved visibility on the roads, both during the day and at night); to reduce the level of
necessary illumination of the road at night, and also to lower the temperature of the environment in
large cities by 5°C (due to the decrease in the effect of the «thermal island) [8].

Figure 2. Coverings of bicycle paths:
a—red color; b — white color
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Upcoming trend is the production of bicycle paths from water-permeable materials (Figure 3,
a, b). Such materials provide effective absorption of sediments on the roads, which increase the
safety of traffic. Unfortunately, for this type of material, the issue of frost resistance has not been
investigated, which greatly limits its application. Research is conducted on the possibility of using
coverings that are luminant at night with using phosphor (Poland, Figure 3c, d) [9].

c) d)
Figure 3. Upcoming types of coating for bicycle paths:
a — permeable concrete covering; b — permeable asphalt covering;
¢ — coating with a phosphor in the afternoon; d — coating with phosphor at night

As the analysis shows, materials for covering bicycle paths are being intensively developed in
the countries of the world. In order to develop the infrastructure of the IET successfully, it is necessary
to use a coating to ensure the safe operation of cycling.

The purpose of the work was to conduct a multi-criteria analysis of existing road surface
materials in order to select the most rational one for use on bicycle paths.

Main part. Evaluation of coating materials used for bicycle paths was carried out according to
the following criteria: ride comfort on cycling, timing of unevenness formation, the price of
construction material, contrast visibility, cost of coating installation, durability, maintainability, relative
repair costs (Cexp/texp), adhesion coefficient, frost resistance coverage, environmental friendliness.

These criteria were chosen on the basis of logical reasoning, application experience in road
construction, analysis of physical-mechanical and operational characteristics. For convenient
comparison of the coating materials for each of the criteria, the corresponding comparison scales were
developed (Table 1). This approach allowed conversion in the description of advantages and
disadvantages of coverage for each of the criteria into a digital form.
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Table 1 — Criterion and scales of rating

o «-worse Comparison scale best —

No Criterion 1 > 3 2 3
g;rll;/r:eglence of impossible | satisfactorily | well | conveniently | comfortable
Time of
unevennesses 3 months 6 months 1 year 3 years 5 years
formation
The price of
material for very high high medium low insignificant
construction
Contrast visibility |insignificant low medium high very high
The price of
installation of the | very high high medium low insignificant
coating
Durability insignificant low medium high very high
Repairability insignificant low medium high very high
Relative repair . . . L
c05t5 ( Corlto ) very high high medium low insignificant
Coefficient of
couplingofacar |. . .. . . i
wheel with the insignificant low medium high very high
road
Frost resistance of|. . ... . . .

10 the coating insignificant low medium high very high
Environmental Lo . . i

11 friendliness insignificant low medium high very high

Coded values and description of materials bicycle lanes are presented in Table 2.

Table 2 — The compared materials of coverings

Ne Codeq I\/Ia'genal Description of the material
Designation

1 M1 Monolithic concrete

2 P2 Prefabricated coatings

3 P3 Prefabricated paving elements

4 C4 Cement-concrete tile

5 Al Asphalt concrete

6 A2 Asphalt covering with a phosphor

7 A3 Color asphalt concrete

8 A4 Water-permeable asphalt concrete

9 Cp Coating based on polymers

10 Nc Natural coverings

11 Pr Unsurfaced road

12 C Combined
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Comparison of coating materials for bicycle paths was carried out by the method of expert
assessments, the results obtained are given in Table 3.

Table 3 — Comparison of coating materials for bicycle paths

M1l P2 | P3| C4 | A1 | A2 | A3 | A4 | Cp | Nc|Pr|C
1] 2 3 4 5 6 7 8 9 |10 |11 12

5| 4 3 2 5 5 5 5 4 3 1215

Criterion

Convenience of
cycling

Time of unevennesses
formation

The price of material
for construction

Contrast visibility 4 | 4 4 4 2 5 5 2 5 2 | 3|2
The price of

installation of the 3| 3 4 4 4 1 2 4 2 1 |52
coating

Durability 5| 5 2 2 3 3 3 2 4 51115
Repairability 41 3 5 4 4 2 3 4 2 4 |54

Relative repair costs
(Cexp/texp)
Coefficient of
coupling of a car 4 | 4 3 3 4 3 4 5 3 3 134
wheel with the road
Frost resistance of the
coating
Environmental
friendliness

The obtained data in Table 3 graphically are represented in Figure 4. Figure 4, includes the
following materials which have the best consumer properties: monolithic concrete (M1) and
prefabricated coatings (P2). This is due to the fact that they have a high contrast, durability and
coefficient of adhesion, as well as no tendency to form unevenness (ruts etc.). The arrangement of a
covering from such material is rather expensive.

Slightly worse indicators are asphalts (Fig. 4, d). That is associated with a low contrast on the
road, frost resistance, durability and the formation of ruts. The arrangement of this coating requires
special equipment. Partly, these shortcomings can be eliminated when a colored polymer layer is
applied (Figure 4, g, i), although the price of the coating increases. Natural stone coverings (paving
stones), have disadvantages: low coefficient of adhesion, high cost, as well as vibration when driving.
This coating is very durable, some roads with such a covering serve more than 100 years (Ukraine,
Odesa, Pushkinskaya street). Water-permeable asphalt concrete (Figure 4, h) in Ukraine is not likely to
be widely distributed, due to their low frost resistance. Unsurfaced road (Figure 4, k) has a low cost,
and they are highly dependent on the environmental conditions and require constant repairs. The
coating based on the phosphor (Figure 4, f) has considerable potential in their application, but,
unfortunately, experience in their construction and maintenance has not yet been accumulated.

Conclusions and prospects for further research. The received researches have shown, that
the best indicators providing demanded qualities of a material for a road covering is cement
concrete. High technical, economic and operational indicators of such coatings are largely due to
the correct selection of the composition of the material. These questions are discussed in detail in
the works [10-12].
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11 l 5

g) A3 h) A4 | i)Cp

J) Nc k) Pr

Figure 4. Multicriteria diagrams:
a — monolithic concrete; b — prefabricated coatings; ¢ — prefabricated paving elements;
d — cement-concrete tile; e — asphalt concrete; f — asphalt covering with a phosphor;
g — color asphalt concrete; h — water-permeable asphalt concrete;
I — coating based on polymers; j — natural coverings; k — unsurfaced road; | — combined

Can a rough micro profile for increasing the adhesion between the bicycle wheel and cement
concrete be used? This profile can be obtained by forming transverse grooves. For IET it is possible
to apply a polypropylene fiber to improve durability, crack resistance, impact resistance and
abrasion of the coating. The use of metal fiber is unacceptable, it can lead to destruction of a bicycle
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tire and as a result to injuries and mutilations of people. As have shown researches of the authors
[10-14] use of a glass and basalt fiber at interaction with a moving wheel of the bicycle leads to
formation of fine particles with sharp sides which can get into respiratory organs and vision organs
of cyclists. It is more preferable to use a polypropylene fiber as the reinforcing material [10].

References

1. Simon D.S. Cycling for transport and public health: a systematic review of the effect of the
environment on cycling / D.S. Simon, K.L Fraser. — London, UK: European Journal of Public
Health, Volume 21, Issue 6, 1 December, 2010. — P. 738-743.

2. Pucher J. At the frontiers of cycling: policy innovations in the Netherlands, Denmark, and
Germany / J. Pucher, R. Buehler. — Washington: The National Academies of Sciences Engineering
Medicine, 2007. — Vol. 13, No. 3. — P. 8-16.

3. Laferrere G. Comparison of national cycling policy in European Countries. / G. Laferrere. —
Homerton College, Cambridge, England: Association for European Transport, 2002. — P. 85-93.

4. Goodman A. Corrigendum to Effectiveness and equity impacts of town-wide cycling
initiatives in England: A longitudinal, controlled natural experimental study / A. Goodman, J.
Panter, S.J. Sharp., D. Ogilvie. — London, UK: Social Science & Medicine 2013. — P. 228 — 237.

5. Zakharov S. A bicycle in a big city [Electronic resource]. — Access mode: www.priroda.su.
(Available: March 17, 2018).

6. Bike path  [Electronic  resource]. @ —  Access mode: https://roman-
mozgovoy.livejournal.com/57284.html. (Available: 25 March 2018).

7. Gasenko L.V. Comparative analysis of the main requirements for cycling infrastructure in
Ukraine and abroad / L.V. Gasenko, T.P. Litvinenko // Scientific notes. — Lutsk: LNTU, 2014. —
Issue 46. — P. 98-105.

8. In Los Angeles, the roads will be painted white [Electronic resource]. — Access mode:
https://mind.ua/news/20176425-u-los-andzhelesi-dorogi-pokriyut-rozumnoyu-farboyu-dlya-zahistu-
vid-globalnogo-poteplinnya. (Available: 19 March 2018 r.).

9. In Poland appeared a luminous road for cyclists. [Electronic resource]. — Access mode:
https://www.buro247.ru/lifestyle/travel/v-polshe-poyavilas-svetyashcayasya-dorozhka-dlya-v.html.
(Available: 14 March 2018 r.).

10. Solonenko I.P. The structure and properties of modified cement-concrete coatings for
highways: dis. Phd: 05.23.05 / Solonenko Irina Petrovna. Odessa State Academy of Civil
Engineering and Architecture. — Odesa, 2015. — 155 p.

11. Solonenko 1. Ensuring performance coatings of concrete for roads, due to their
modifications / I.P. Solonenko. — Moldova: Meriding ingineresc, 2015. — Ne2 (57). — C. 38-40.

12. Solonenko I.P. Rigid road surfaces for highways / I.P. Solonenko // Odesa: ODABA,
2014. — Vip. Ne54. — C. 350-357.

13. Mishutin A.V. Wearability and frost resistance for cement-concrete roads / A.V. Mishutin,
I.P. Solonenko // Vistnuk ODABA.. — Odesa: Zovnirkservis, 2015. — Ne58. — P. 236-245.

14. Solonenko I.P. Cementno betonski cestovni kolnici / L.P. Solonenko. — Varazdin,
Hrvatska: Tehnicki glasnik, Godiste 8, Broj 1, 2014. — C. 45-47.

Crarrg Hamiiinuia 16.04.2018

142

Bicauk Onecpkoi AepkaBHOI akaaeMii Oy miBHUIITBA Ta apXiTekTypH, 2018. — Bum. Ne 71


javascript:;
http://www.priroda.su/
https://roman-mozgovoy.livejournal.com/57284.html
https://roman-mozgovoy.livejournal.com/57284.html
https://mind.ua/news/20176425-u-los-andzhelesi-dorogi-pokriyut-rozumnoyu-farboyu-dlya-zahistu-vid-globalnogo-poteplinnya
https://mind.ua/news/20176425-u-los-andzhelesi-dorogi-pokriyut-rozumnoyu-farboyu-dlya-zahistu-vid-globalnogo-poteplinnya



