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ROADWAY ROUGHNESS RESEARCH AND
CAUSES DETERIORATION ANALYSIS

The article deals with modern directions of domestic and foreign smoothness research
coverage on the roads. The problem of causes changes establishing in smoothness coverage
related to the irregularities in the procedure of road construction layers is highlighted.
The research results of the trafficway smoothness and its causes deterioration analysis,
performed by operation of roads and airfields laboratory at National Transport University on
research road area H-18 around the city Buchach is shown. By the research results the road
profile is drawn and the detailed analysis of road topping smoothness changes during road
operation is done. Samples at the specific points on the road topping is taken: in one place it
is a transverse crack, in another — without noticeable defects. It is established that road
profile hollows and transverse cracks caused by black layers uneven thickness along the road.
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Hayionanonuu mpancnopmnuii ynisepcumem, m. Kuis

NOCJIPKEHHS PIBHOCTI ITPOI3HOI YACTUHHU
1 AHAJII3 IIPUYMH ii HOI'IPIIEHHSA

Posenanymo cyuacni eimuusnsani ma 3aKOpPOOHHI HANPAMU OOCHIONCEHHA PIBHOCMI
NOKpUMMmMs HA a8MOMODIIbHUX 0opozax. Budineno npobremy ecmanognenHs npuduH 3MiHU
pisHocmi noxpumms, wo N0 A3AHI 3 NOPYUIEHHAM MEeXHONO02I 61AUMYEAHH Wapie
00podicHboi KoHcmpykyii. Hasedeno pezyrbmamu 00CHiONCeHHs piGHOCMI NPOI3HOI YacmuHu
Il aHanizy npuyuH ii NO2IpuieHHs, BUKOHAHUX 1aOOpamopicto eKcnayamayii agmomooiibHux
Odopie ma aepoopomie Hayionanvnoco mpancnopmnoeo ynisepcumemy Ha OOCHIOHIU OLNAHYI
asmomobinonoi oopoeu H-18 naexono m. byuau. 3a pesynoemamamu 0ocaioxcens no6yo0o8ano
N03008XCHIll Npoghine 1 npoeedeHo OemanbHUull aHani3 3MIHU PIBHOCMI O0OPONCHBO2O
noKpumms 6 npoyeci exkcniyamayii oopocu. Y3amo KepHU 6 XapakmepHux mouKax Ha
NOKpummi: 6 0OHOMY Micyi npoxooums nonepeuHa MmpiwuHa, 8 IHWOMY — 0e3 NOMIMHUX
Odepexmie. Ycmanoseneno, wjo 3anadunu NO3008H#CHLO2O NPOPIint0 I nonepeyni mpiuHu
00YMOBIEHI HEPIBHOMIPHICIO MOBUUHU YOPHUX WAPIE 83008I4C OOPO2U.

Knrwouoei cnosa: no30o6sicus pienicms, agmomooiibHa 00po2d, NOKpUmMms, KOHCMpPYKYis
00POICHBO20 00512
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Introduction. Since 2004, the laboratory of operation of roads and airfields at
National Transport University (hereinafter — NTU) in research roads areas, which are located
in different Ukraine regions, it is conducted regular surveys, consisting parts of what is the
smoothness and wheel tracking parameters determination, and also road-mat deformation.
The disadvantages of smoothness assessing methods of road topping by viameter or IRI is that
they refer to the area altogether and does not allow to highlight points, where is the maximum
indications accumulation. In addition, they do not reveal the cause of smoothness
deterioration, which is due to its degradation.

Generally this problem can be characterized as smoothness informative indicators lack
used in modern regulatory and technical base of Ukraine. Therefore, an essential part of
survey research areas are leveling and road profile drawing and also its change analysis
during the road operation and revealing the causes of smoothness deterioration.

Review of research and publications recent sources. Road and airfield topping
smoothness research can be divided into the following directions:

— smoothness indicators justification [1 — 4];

— smoothness normative values justification [5 — 7];

— methods, techniques and means of smoothness measuring development [8 — 11];

— smoothness impact on the speed and transport mode studying [13];

— smoothness impact on traffic safety and accident occurrence studying [12, 13].

The issue of technological supporting of road topping and smoothness revealing
causes in scientific and technical literature it is paid much less attention, except for a few
studies [11, 14].

Parts of the common problem that earlier unsolved. When you travel on the
highway H-18 Ivano-Frankivsk — Buchach — Ternopil (detour of city Buchach) it is felt
periodic blows caused by road topping irregularities presence. The question arose about this
phenomenon causes establishing. Professionals polling, who engaged this road section
operation, come to nothing. As things go, it was decided to conduct a smoothness research of
road topping length of 72,0 m (km 63 + 098 — km 63 + 170), the overall look and scheme of
what is shown in Fig. 1, 2.

The purpose of research — longitudinal profile of trafficway research road section
H-18 analysis and road topping deterioration causes revealing.

Figure 1 — General view of road section H-18
Ivano-Frankivsk — Buchach - Ternopil (km 63 + 098 — km 63 + 170)
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Figure 2 — Scheme of road section H-18
Ivano-Frankivsk — Buchach — Ternopil (km 63+098 — km 63+170)

The main material and research results. The article deals with the problem of
smoothness changes by the example of road section H-18 Ivano-Frankivsk — Buchach —
Ternopil (km 634098 — km 63+170), which is connected with irregularities in the procedure
of road construction layers.

In April 2014 by means of leveling «Sokkia B20» and three-meter leveling rod
RDU «Condor» it is received the longitudinal profile of road topping. Repeated
measurements were made on that year August.

Longitudinal profile detailed assessment of the trafficway at the research section
included implementation of following stages:

— bench mark fixation (Fig. 2) and its recovery after repeated researches;

— flagging for measurement at a distance of 0,5 — 1,0 m from the marginal strip by using
measuring tape and chalk and planimetric position georeferencing to the bench mark;

— route leveling with survey increment of 0,5 m and high-altitude position
georeferencing to the bench mark.

As a result of leveling and measuring the gap at RDU it is perform the longitudinal
profile section determining.

Longitudinal profile leveling results is shown on Fig. 3, where you can see the
characteristic hollows, what, according to the authors, causes to blows. On profile reduction
points it is continuous transverse cracks (Fig. 4).
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Figure 3 — Longitudinal profile of the right trafficway track

Figure 4 — Continuous transverse temperature crack at a characteristic section

In order to explain the road topping irregularities causes and cracking it is taken the
samples in certain places — on crack (km 63+114,10) and in a place with no visible defects

(km 63+105,00) (Fig. 5).
Comparison of road-mat cores taken without defects and at place of transverse crack

passing through is shown on Fig. 6.
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Figure 5 — Location of core taking points in the longitudinal profile section

Figure 6 — Road-mat cores

As shown on Fig. 6, left road-mat core that taken on the road section without defects (km
63+105,00) has the upper layer of fine graded bituminous concrete with thickness
of 4,5 cm, lower layer — coarse bituminous concrete with thickness of 7 cm. Right core, taken
on the road section in a place of transverse crack passing through (km 63+114,10) has a
thickness layers respectively 3 and 4 cm.

Situation's arisen, can be represented schematically on Fig. 7.
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Figure 7 — Schematic representation of longitudinal profile road-mat cores

Longitudinal profile hollows and transverse cracks caused by layers uneven thickness
along the road length. In the places of reduced layers thickness it is a weakening of the road-
mat profile cross-section, so when the environment temperature is reducing in these places
there was a gap that led to the cracks formation.

Conclusions. Trafficway longitudinal profile detailed analysis of the experimental
highway section H-18 (km 63+098 — km 63+170) and the samples content, selected in
specific places suggests that the regular irregularities cause of the road topping and transverse
themperature cracks may be the layers uneven road-mat construction thickness, that is
primarily connected with irregularities in the procedure of its structure.

References

1. Casenko B. 4. Ilpo obrpynmysanns pieHs NOKA3HUKIE PIBHOCMI O0OpPOJCHIX hnoKpummie /
B. A. Casenxo, JI.1. Kiswxo // Aemomodinsui dopozu i doposicre 6yodienuymeo. — K. : HTY, 201 1.
Ne 81.—-C. 19-22.
Savenko V. Ya. Pro obgruntuvannya rivnya pokaznikiv rivnosti dorozhnih pokrittiv /
V. Ya. Savenko, D. 1. Kiyashko // Avtomobilni dorogi i dorozhne budivnitstvo. — K. : NTU, 2011.
Ne 81.—8.19-22.

http://publications.ntu.edu.ua/avtodorogi_i_stroitelstvo/avtodorogi_i_stroitelstvo.html

2. Jlyuwunuros H. A. K eonpocy 06 oyenku npoooivHOl pOSHOCHIU NOKPLIMUL ABMOMOOUTbHBIX 00poe /
H. A. Jhwnuxkos, 11. A. Jhwnukos // Jlopocu u mocmot. — M. : @I'VII Pocoopuuu, 2010. — Ne 23. —
C. 97— 104.
Lushnikov N. A. K voprosu ob otsenki prodolnoy rovnosti pokrytiy avtomobilnyh dorog /
N. A. Lushnikov, P. A. Lushnikov // Dorogi i mosty. — M. : FGUP Rosdornii, 2010. — Ne 23. —
S. 97 — 104.

http://www.rosdornii.ru

3. Taghirad H. D. Automobile passenger comfort assured through LQR/LQOG active suspension /
H. D. Taghirad, E. Esmailzadeh // Journal of Vibration and Control [Electronic resource]. —
Access mode: http://saba.kntu.ac.ir /eecd/aras /papers/J3-JVC-99.pdf.

4. ISO 8606:1995(E). Mechanical vibration-Road surface profilesreporting measured data. —
1995. — 29 p.

5. Karamihas S. M. Critical Profiler Accuracy Requirements [Final report] / S. M. Karamihas. —
Michigan: The University of Michigan Transportation Research Institute, 2005. — 115 p.

256 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (48)" 2017.




6. Arriaga M. Indice internacional de rugosidad en la red carretera de México / M. Arriaga,
P. Garnica, A. Rico // Publicacion Técnica Ne 1081998. — México: Instituto Méxicano del
Transporte, 1998. — 46 p.

7. Kusiuro /. U. Memoowvl 060cH08aHUA HOPMAMUBHBIX 3HAYEHUL NOKA3amenel NPO00IbHOU POGHOCIU
OOPOJICHBIX NOKpLIMULL: OUC. ... Kano. mexu. Hayk: cney. 05.22.11 — asmomoburbHvle dopozu u
aspoopomut / /. U. Kuswxo. — K. : HTY, 2013 — 183 c.

Kiyashko D. 1. Metody obosnovaniya normativnyh znacheniy pokazateley prodolnoy rovnosti
dorozhnyh pokrytiy: dis. ... kand. tehn. nauk: spets. 05.22.11 — avtomobilnye dorogi i aerodromy /
D. I. Kiyashko. — K. : NTU, 2013 — 183 s.

8. [locsio  supobnuuoi excnayamayii asmomo6binenoi  npuuinuoi  ycmanosku IIKPC-2Y ma
nowmosxomipa «BCBII-YTY» / JI. O. Ilasnwok, JI. JI. Pubiyekuii, O. C. Jlcbeoes, €. B. lsanuys //
Asmownsixoeux Yrpainu. —2004. —Ne 2. — C. 25 - 27.

Dosvid  virobnichoyi ekspluatatsiyi — avtomobilnoyi prichipnoyi ustanovki PKRS-2U ta
poshtovhomira «VSVP-UTU» / D. O. Pavlyuk, L. L. Ribitskiy, O. S. Lebedev, E. V. Ivanitsya //
Avtoshlyahovik Ukrayini. — 2004. — Ne 2. — 8. 25 — 27.

9. Bomhard F. I. Verfahren zur Messung der dynamischen Beim Kraftwagen / F.l. Bomhard. —
Munhen, 1959. — 168 p.

10. Anopees A. B.  Ynusepcanvuwiti  dopooichviii.  kypeumemp VK «Poenocmb» [ Dnexmponnviil
pecypc] / A. B. Anopees  //  Unmepsxcno [eo-Cubups, 2012. — Peocum oocmyna:
http://cyberleninka.ru/article/n/universalnyy-dorozhnyy-kurvimetr-udk-rovnost-1.

Andreev A. V. Universalnyy dorozhnyy kurvimetr UDK «Rovnost» [Elektronnyy resurs] /
A. V. Andreev // Interekspo Geo-Sibir, 2012.

11. Bnaus 2eodesuynux i OydisenvHux podbim Ha pisHicmb 00podchbozco nokpumms / B. B. Inbuenko,
P. A. Miwenxo, B. 1 Koszape, JI. M. Kozapv // Hayxoei nomamku: Midxic8y3i6CbKull 30IpHUK. —
Jlyyox: JIHTY, 2014. — Bun. 46. — C. 227 — 232.

Vpliv geodezichnih i budivelnih robit na rivnist dorozhnogo pokrittya / V. V. lichenko,
R. A. Mishchenko, V.I. Kozar, L. M. Kozar // Naukovi notatki: mizhvuzivskiy zbirnik. -
Lutsk: LNTU, 2014. — Vip. 46. — S. 227 — 232.

http://mbuv.gov.ua/UJRN/Nn_2014_46_38

12. @ewenko A. I1. Bausnue posHocmu O00pOICHO20 NOKPbIMUSL HA 0Oe30NACHOCb O08UdICEHUSL HA
Odopoeax Pecnyonuxu benapyco / A. Il. @ewenxo // Hayka — obpazosanuio, npouzeoocmsy,
oxonomuxe: mamepuanvt 11-ti Medxxcoynapoonoil nayuno-mexnuweckou kongepenyuu. T. 3. —
Munck : BHTY, 2013. — C. 142 — 143.

Feshchenko A. P. Vliyanie rovnosti dorozhnogo pokrytiya na bezopasnost dvizheniya na dorogah
Respubliki Belarus / A. P. Feshchenko // Nauka — obrazovaniyu, proizvodstvu, ekonomike:
materialy 11-y Mezhdunarodnoy nauchno-tehnicheskoy konferentsii. T. 3. — Minsk : BNTU, 2013.

- 8. 142 - 143.
13. Ysanos B. B. PosHocmb 00podicHblx nokpvimuil u Oezonachocms Osudcenus / B. B. Ysarnos //
Hayunoui ungpopmayuonnvii coopuux «Ipancnopm. Hayxa, mexnuka, ynpaenenue». — M.,

BUHUTH 2010. — Bun. 11. — C. 33 - 36.

Chvanov V. V. Rovnost dorozhnyh pokrytiy i bezopasnost dvizheniya / V. V. Chvanov //
Nauchnyy informatsionnyy sbornik «Transport. Nauka, tehnika, upravienie». — M., VINITI 2010. —
Vyp. 11. - §. 33 — 36.

14. 3abesneuenns pienocmi 00pOIHCHLO20 NOKpUMMS HA cmadii eeode3udnux i Oyoigenvrux pobim /
B. B. Inbuenxo, B. I Kosapv, P.A. Miwyenxo, JI. M. Kozapb // Becmnux Xapvkoeckozo
HAYUOHALHO20 ABMOMOOUNBHO-00p0JicHo20 Yyhueepcumema. — X. : XHAJY, 2013. — Bwin. 60. —
C. 123 -127.

Zabezpechennya rivnosti dorozhnogo pokrittya na stadiyi geodezichnih i budivelnih robit /

V. V. lichenko, V. I. Kozar, R. A. Mishchenko, L. M. Kozar // Vestnik Harkovskogo natsionalnogo

avtomobilno-dorozhnogo universiteta. — H. : HNADU, 2013. — Vyp. 60. — S. 123 — 127.
http://dspace.khadi.kharkov.ua/dspace/handle/123456789/561

© Pavlyuk D., Tereshchuk V., Chapovskyi V.
Received 25.04.2016

36ipuuk HayKoBHX mpailb. Cepis: [any3eBe MammHoOyAyBaHHs, OyaiBHULTBO. — 1 (48)" 2017. 257




