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YBoaHa peu

[leTn cpnckn KOHrpec O NyTeBMMa je NpuriMka a ce OCBPHEMO Ha OHO LWTO je
ypaheHo y NpeTxoaHoM 12-ToroaunliHem nepuoay, aa y4MmMmo Ha CBOjUM rpeLukama 1
N3BYy4EMO MOYKe Ha KOjy HaYMH MOXXEMO CBM 3aje4HO, Y CTPYYHOM U Hay4YHOM CMUCITY,
[a yHanpeanmo 1 NOMOrHeMo pasBoj NyTHe npuspeae y HacTynajyhem nepuogy.

Y roonHn y Kojoj obenexxaBamo Hall NpBu jyburnej, CBegoLm CMO HacTaBKka MHTE3MBHOT
WHBECTULIMOHON LMKIyca y MPUOPUTETHY MPEXY BaHrpagckmx nytesa. HecnopHo je
[0a pasBujeHa NyTHe Mpexe 1 edpmkacaH caobpahaj npeacTaBrbajy KibyvHe haktope
KOju yTUYY Ha EKOHOMCKM M ApYLUTBEHM pasBoj Hawer permoHa. C ob3mpom fa ce
OBaj UMKNYC yrarawa 3acurypHo Hamnasu y CBOjoj 3aBpLUHOj ¢dha3u, noTpebHo je
aprymMeHTOBaHO pa3MoTpUTK Yy KOM cMepy Tpeba nnanupatn 6ygyhe akTMBHOCTW.
CaBpemeHu npuctyn 6mu cBakako nogpasymMeBao NPUYMEHY LMpKynapHe eKoHoMuje
N gurutanusauuje y cekTtopy nyTeBa, Y3 NaXibMBO MMaHUpawe M KOHTpOnMcahe
pecypca y nsrpagrwmn U ogpxaBaky MyTeBa, y3 MowToBake MMepatuBa ovyBaka
XVMBOTHE CpefuHe 1 npunarofaBake KnMMaTCKMM NpoMeHama.

M3y3eTHa HaM je YacT M 3a40BOSbCTBO WTO hemMo Ha [NeToMm CprnckoM KOHrpecy o
nyTeBnma MMaTv NPUNnNKy a pasMeHnMo UCKYCTBa, YKPCTUMO MULLIbEHa U 3ajeqHO
¢opMMpaMO OKOCHMLY pa3Boja MyTHOr U caobpahajHOr MHXeHEePCTBa y 3eMibUu U
pervoHy y nepuogy ncnpeg Hac.

KonpepncenHuum HayyHor og6opa / Scientific Committee Co-Chairs

Mpod.ap Brnapax Ty6uh, gunn.uHx.caoo.
Prof. Vladan Tubic, PhD, B.Sc.TTE

Oou.np Cawa Opuu, gmnn.rpah.nuHx.
Asst. Prof. Sanja Fric, PhD, B.Sc.CE.
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Introduction lectures / YeoOHa npedasar-a

B AN OVERVIEW OF SUSTAINABLE ROAD ASPHALT PAVEMENTS

Prof Francesca Russo

Associate professor

Chair of Roads Laboratory Luigi Tocchetti

Ph.D. in Road Infrastructures and Transportation Systems
Department of Civil, Building and Environmental Engineering
(DICEA) University Federico Il of Naples

Abstract: Road pavements are essential structural elements of an Infrastructure
System that help to maintain over lifelong time design mechanical performance of
the materials, safety, and service levels.

However, maintaining pavements under high performance requires scheduled
maintenance plans, structural calculation of the whole stratigraphy and each asphalt
mixture of course, considering traffic loads, climatic conditions. All solutions have
to compliance with the parameters of environmental, technical, and economic
compatibility and sustainability.

By applying the very latest production technologies of the road pavements, involving
innovative materials of course for constructing and maintaining pavements, it can
be achieved one of the main goals of the circular economy consisting of reduction
virgin materials consumption, from on the one hand, and of the negative impacts on
the environmental on all life cycle of the product. Reusing raw secondary materials
in place of natural ones help to reduce quantity of materials going to landfill and non-
renewable resources.

Scientific literature makes available research and experimental Ilaboratory
investigations on mechanical and the environmental effects concerning non-traditional
materials in road bituminous mixtures i.e. construction and demolition waste, ashes
from electricity facilities, waste foundry sand, waste glass powder as well as RAP,
plastics.

Well, the method of introducing a raw secondary material into asphalt mixtures for
road paving is not univocal: there are no technical suggestions that can be applicable
for all sites nor protocol applicable into laboratory investigations to define optimal
quantity of waste to be introduced to avoid negative effects on mechanical and/
or environmental performance. There are not adequate laboratory procedures for
testing volumetric and performance characteristics of the innovative asphalt mixtures
in a unique and repeatable way that can ensure repeatability and reproducibility
without compromising the useful life. Due to the introduction of secondary materials,
the asphalt mixtures to be designed and tested in laboratories are constantly
becoming much more complex than traditional asphalt mixtures making difficult to use
conventional laboratory procedure and/or predict expected results. The discussion
aims to propose a comprehensive characterization of asphalt mixture also focusing
on eco-efficiency evaluations.
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Here today, the main attempt is on showing some of the main technologies used for
making sustainable road pavements by adding alternative materials to natural ones
and at same time trying to show main laboratory tests for checking performance.
These goals are in line with the 9th sustainable development goal of the United Nations
which aims to build resilient infrastructures, promote sustainable industrialization,
and foster innovation to reduce the consumption of resources and energy, sustaining
the transition to a more circular economy by 2030.

Overview on main environmental tools for studying the environmental compatibility of
the mixtures will be also showed referring to a functional equivalent.

Studies are still evolving, and many practices are not consolidated; rather often for the
more operational and prequalification aspects, reference is made to special tender
specifications which are always related to specific works or valid only for specific
dealers or managing bodies.

One of main tools to be used for quantifying the potential impacts deriving from the use
of traditional and alternative materials in road construction is life cycle assessment
LCA{ISO 14040, ISO 4044) defined as an objective procedure for assessing energy
and environmental loads relateci to a process or an activity.
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B PROJEKTOVANJE | GRADNJA PORTALNIH KONSTRUKCIJA U MEKIM

STENSKIM MASAMA

Prof. dr Vojkan Jovic¢i¢, dipl.grad.inz.,
IRGO Institut za rudarstvo, geotehnologijo in okolje,
Ljubljana, Slovenija

Apstrakt: Konstrukcije tunela u mekim stenama se obi¢no zapocinju iskopavanjem
privremenih useka unutar kvartarnih naslaga, koje su tipicno podvrgnute povrsSinskoj
eroziji tla. Ovi procesi povremeno formiraju klizista razlicite veligine. Cesto se ta
klizista ne mogu izbedi pri izgradnji saobracajnica, pri tome je veoma Cest slu€aj, da
se nalaze u portalnoj zoni tunela. Cak i kada klizi$ta u portalnim zonama nisu prisutna
se iskopi za portalne konstrukcije u mekim stenskim masama moraju izvesti tako, da
ne dode do lokalnih nestabilnosti, koje oteZavaju pocetak iskopa tunela u zonama
niskog nadsloja.

Konstrukcija tunela se obi¢no zapoc€inje iskopom privremenih useka da bi se pristupilo
podzemnom iskopavanju, dok se zavrSne konstrukcije tunelskih portala izvode
naknadno. U predavanju ¢e biti prikazani razli€iti primeri sloZenih portalnih zona u
kojima se tunelska izgradnja morala zaceti pri nepovoljnim geomorfoloskim uslovima,
ukljuCujuci primer iskopa tunela kroz aktivno telo klizista. U takvim uslovima koncept
privremenih useka mora biti preispitan tako da se prvo izvedu konacne portalne
konstrukcije koje predstavljaju stalne mere za sanaciju klizista i ujedno omogucavaju
siguran iskop tunela.
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UTICAJ REDIZAJNA PUTNICKIH AUTOMOBILA NA SAOBRACAJ U URBANIM
SREDINAMA

Aleksandar Stevanovic, PhD, PE, F. ASCE
Associate Professor

Department of Civil & Environmental Engineering
Swanson School of Engineering

University of Pittsburgh, USA

Apstrakt: Sa viSe od 50 sati koje vozaci u proseku provedu u saobracajnoj guzvi
svake godine, vise od 25.000 nesreca sa smrtnim ishodom na gradskim i prigradskim
putevima, i oko 1.775 miliona metrickih tona CO2 koje doprinose klimatskim
promenama, procenjuje se da saobracajno zagusenje kosta SAD oko 120 milijardi
dolara godiSnje. Za ovaj problem na$a industrija obi¢no trazi reSenja u vidu boljeg
upravljanja saobraéajem (npr. Inteligentni transportni sistemi) ili u vidu promene nacina
prevoza putnika (npr. ve¢a podrska pesackom i biciklistickom saobracaju). Ipak, stic¢e
se utisak da kao drustvo nismo ucinili dovoljno da iskoristimo mogucnosti koje bi
inovativni dizajni vozila, praceni odgovaraju¢im saobracajnim strategijama, mogli
da donesu za poboljSanje sistema gradskog saobracaja. Ova prezentacija postavlja
nekoliko relevantnih pitanja u tom pravcu i predlaZze otvaranje Sire drustvene debate
o tome kako vozilo 21. veka ,Auto 2.0” treba da izgleda i funkcioniSe. Prezentacija
sagledava potrebe redizajniranja vozila za svakodnevni urbani saobraéaj iz
perspektiva mobilnosti, bezbednosti, ekologije, i sveukupne privredne aktivnosti.
Prezentacija takode prepoznaje potrebu razvijanja kvalitetnije metodologije za
procenu uticaja inovativnih dizajna vozila na sistem gradskog prevoza i drustvo u
celini.
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Planning and Design - Case Studies / [naHuparse u npojekmosare — [lpumepu u ucKkycmesa

B NESTANDARDNA TURBO KRUZNA RASKRSNICA - PRIMER: RASKRSNICA
,BARIC”

Mladen Kapetanovi¢, Institut za puteve AD Beograd, Srbija

Rezime: Kruzne raskrsnice sa spiralnim kruznim tokom (turbo kruzne raskrsnice) su
posebna vrsta viSetracnih kruznih raskrsnica kod kojih su neke vozne trake fizicki
odvojene (ispred uliva, na delu spiralnog kruznog toka i na izlivu). Fizicka odvojenost
voznih traka se prekida samo na mestima predvidenog uliva (unutrasnje kruzne
vozne trake) u kruznu raskrsnicu. Primena turbo kruznih raskrsnica u Republici
Srbiji je na samom pocetku. Cilj ovog rada je da se na konkretnom primeru primene
turbo kruzne raskrsnice na brzoj saobraéajnici Ostruznica-Obrenovac prikaze nacin
primene nestandardnog tipa raskrsnice. Kraci raskrsnice povezuju saobracajnice
razli€itih rangova saobracajnog opterec¢enja. Pojedini kraci raskrsnice su vodeni
denivelisano. ObrazloZzene su prednosti primene ovakvog reSenja u odnosu na
standardnu povrsinsku kruznu raskrsnicu. Data je graficka interpretacija primenjenih
reSenja. Takode, prikazani su kriterijumi odabira projektnih reSenja.

Kljuéne reci: turbo kruzne raskrsnice, turbo blok, Sirina traka u turbo kruznoj raskrsnici

NON-STANDARD TURBO ROUNDABOUT - CASE STUDY: INTERSECTION
"BARIC”

Abstract: Roundabouts that provides spiraling flow of traffic (turbo roundabouts)
are a special type of multi-lane roundabout where some ftraffic lanes are physically
separated (in front of the inlet, on the part of the spiral roundabout and on the outlet).
The physical separation of traffic lanes is interrupted only at the places of the intended
flow (internal circular traffic lanes) into the roundabout. The implementation of turbo
roundabouts in Republic of Serbia is at the very beginning. The aim of this paper is
to show the way of applying a non-standard type of intersection through particular
example of turbo roundabout on the motorway Ostruznica — Obrenovac. Roads with
different traffic loads meet at the same place. Certain approach legs are designed at
different elevation levels. The advantages of the application of this solution compared
to the standard one are explained. A graphical representation of the applied solutions
is given. Also, the project solutions selecion criteria are presented.

Keywords: Turbo roundabouts, turbo block, turbo roundabouts lane widths
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PRIKAZ PROJEKTOVANIH INzENJEBSKIH KONSTRUKCIJA NA DRzAVNOM
PUTU IB REDA BR.28 (M-19.1), UZICE - KADINJACA - BAJINA BASTA,
DEONICA OBILAZAK UZICA

Dijana MiloSevi¢, Institut za puteve AD Beograd, Srbija

Rezime: U radu su prikazane neke od inzenjerskih konstrukcija iz Idejnog projekta
trase puta buduce saobracajnice. Projektovanje trase puta na ovoj lokaciji je izuzetno
zahtevno u smislu morfologije, litoloSke grade i geotehni¢kih svojstava terena.
Brojni faktori na terenu kao i projektni uslovi doveli su do potrebe za projektovanjem
izuzetno zahtevnih i skupih potpornih konstrukcija. Izbor projektnih reSenja uzeo je
u obzir sve nepovoljne efekte kojima je predmetni teren podlozan, €injenicu da ima
puno nestabilnih padina i kliziSta, pa je veoma vazno da u svim fazama gradnje bude
obezbedena stabilnost. Projektna reSenja su direktno zavisna od dostupnih ulaznih
podataka za ovu fazu projekta - Idejni projekat.

Kljuéne reci: idejni projekat, potporne konstrukcije, trasa puta, kliziSta, nestabilne
padine

REVIEW OF DESIGNING STRUCTURES ON THE MAIN ROAD NO.28(M-19.1),
UZICE — KADINJACA - BAJINA BASTA, SECTION UZICE BYPASS ROAD

Abstract: In this paper are given some of engineering structures from Preliminary
design of road alignment. Designing retaining structures at this location is very
requiring because of terrain conditions such as: morphology, lithology and geotechnical
characteristics. Design conditions and numerous factors on the field have caused a
demand for expensive retaining structures. Choice of project solutions has taken into
account all the unfavorable effects on the field, for example a lot of unstable slopes
and slidings, therefore stabilization of earth slopes in all phases of construction is
essential. Design solutions are directly dependant from available entrance data using
for this phase of project.

Keywords: preliminary design, retaining structures, road alignment, landslides,
unstable slopes
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B WCKYCTBA U U3A30BU Y TOKY U3BOBEHA XINAOHE PELUUKNAXE Y
OKBWUPY IMABHOI' MPOJEKTA NMOJAYAHOI' OOP>XXABAHKA HA OENY OPX.
MYTA IB35 KM 245+531 — KM 249+000

CysaHa CtecpaHoBuh, NHCcTUTYT 3a nyteBe Al beorpag, CuHuwa Xapu-AHTuh,
Muctutyt 3a nyteBe ALl Beorpag, AparaH CtojHuh, WHCTUTYT 3a nyteBe Al
Beorpaa, Muogpar AgamoBuh, CpbujaayTonyT A4.0.0

Pe3unme: Pag ce 6aBu npobnemuma Hactanmm npunmkom n3eohera pagosa nojadaHor
ogpxaBara Ha geny geoHuue apx. nyta Ib pega 6p.35: benorbuH-Kypliymnuja—
Pyoape, km 245+531-km 249+000 rge je npema MaBHOM MpojekTy npensuheHa
n3paga xnagHe peuukraxe gena HeeesaHor Hoceher cnoja y aebromHu og 20cm aok
ocTaTak HeBe3aHor Hoceher croja (ouekmBaHe aebrbmHe 20 — 25cm) ocTaje HETaKHYT.
Pesyntatn obaBrbeHMX UCTpaxHUX pagoBa [lpojekTaHTa npe u3page [naeHor
npojekTa MojadyaHor ofpXaBaka Cy Ce MOKMONWAM ca pes3yntaTtmma UCTPaKHUX
pagoBa M3Bohaya npe camor ussohewa 4 roguHe KacHuje n cee je ykasmBaro Ha
[obpy npeTnocTaBKy CTPykType noctojeher konoBo3a. Mnak ce 2 meceua HakoH
n3page butymeHumamnparor Hoceher cnoja BHC22cA Ha noBpwnHM accanTHor croja
nojaerbyjy MpexacTe MyKoTMHe Ha oapeheHum note3mma npegmMeTHe LeoHuue.
[eTarbHuja ncnutmBawa yTBpAMNa Cy ga HeBesaHW Hocehu Cnoj ucnog xnagHo
pPeuuKIIMpaHor crioja Huje nocTojao Unu je 1Mo 3HaTHO MakwNx AebrbuHa Yy OCKU U Ha
[EeCHOj CTpaHM KOJTOBO3HE KOHCTPYKLMje Y OOHOCY Ha neBy cTpaHy. OBuM ce nokpehe
nutake notpebe gogatHe 6e36edHOCTM pafHMKa NPY BpLUEHY UCTPaXHUX pagoBa
y crneummnyHMMm crniydajeBuma unm gogaTHUX MUCnnTUBakwa noctojehe cTpykType
KornoBo3a ynotpebom caBpeMeHujux TexHonoruja (leopagap).

Krby4He peuu: xnagHa peuuknaxa, UCTpaXKHU pafoBu, KONOBO3Ha KOHCTPYKLMja

EXPERIENCES AND CHALLENGES DURING THE EXECUTION OF COLD
RECYCLING WITHIN THE MAIN PROJECT OF ENHANCED MAINTENANCE IN
THE SECTION OF ROAD IB35 KM 245+531 — KM 249+000

Abstract: The paper deals with the problems that arose during the performance
of enhanced maintenance works on part of the section road IB no. 35: Beloljin-
KurSumlija-Rudare, km 245+531—km 249+000 where, according to the Main Project,
cold recycling of a part of the unbound bearing layer with a thickness of 20 cm is
foreseen, while the rest of the unbound bearing layer (expected thickness of 20 - 25
cm ) remains intact. The results of the investigations carried out by the Designer
before the development of the Main Project of enhanced maintenance coincided with
the results of the investigations carried out by the Contractor before the execution
itself 4 years later and everything pointed to a good assumption of the structure of
the existing roadway. However, 2 months after the construction of the BNS22sA,
alligator cracks appear on the surface of the asphalt layer on certain sections of
the section in question. More detailed investigations determined that the unbound
bearing layer under the cold recycled layer did not exist or was significantly smaller
in thickness in the axis and on the right side of the pavement structure compared
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to the left side. This raises the issue of the need for additional worker safety when
performing investigative work in specific cases or additional testing of the existing
roadway structure using more modern technologies (Georadar).

Keywords: cold recycling, investigation works, pavement construction
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B THE EFFICIENCY OF CHEMICAL ADDITIVES FOR WARM MIX ASPHALT (WMA):
LATEST ADVANCES AND CASE STUDIES

Shahin Eskandarsefat, Iterchimica S.p.A., ltaly, Matteo Fumagalli, Iterchimica S.p.A.,
Italy, Loretta Venturini, Iterchimica S.p.A., ltaly, Zoran Krusi¢, HSH Chemie d.o.0.,
Serbia

Abstract: As sustainable road pavements are considered the transportation
infrastructures’ resource management pivot, green materials and technologies
have gotten more attention. Among these, asphalt recycling and low-temperature
production, which allow sustainability targets, have been the most efficient used
techniques. Warm Mix Asphalt (WMA) enables various technical, environmental, and
economic advantages and can be used even for a specific technical target. This
paper introduces several WMA case studies in Serbia and Germany. In these projects,
asphalt pavements were produced via WMA technology for different reasons e.g., to
enhance the compactability of asphalt at reduced laying temperature. This condition
is common for road paving projects in cold climate regions or long-distance hauling
cases. Regardless of the defined technical goal, the practical in situ observations
and pre-/post production laboratory tests of these projects show promising results
on using chemical WMA additives for various technical targets of asphalt paving
projects. These obtained results are backed up with the results from investigating the
cores taken from the job site.

Keywords: Sustainable road pavements, Green materials and technologies, Warm
Mix asphalt (WMA), Compactability, Chemical additives

EFIKASNOST HEMIJSKIH ADITIVA ZA TOPLU ASFALTNU MESAVINU (WMA):
NAJNOVIJA UNAPREDENJA | PRIMERI IZ PRAKSE

Rezime: Posto se odrzZivi kolovozi smatraju osnovom za upravljanje resursima
transportne infrastrukture, zeleni materijali i tehnologije su dobili vise paznje. Medu
njima, reciklaza asfalta i proizvodnja na snizenim temperaturama, koji omogucavaju
cilieve odrzivosti, su najefikasnije koriséene tehnike. Topla asfaltha mesavina (WMA)
omogucava razliCite tehnicke, ekoloSke i ekonomske prednosti i moze se koristiti
¢ak i za odredeni tehnicki cilj. Ovaj rad predstavlja nekoliko studija slu¢aja WMA u
Srbiji i Nemackoj. U ovim projektima asfaltni kolovozi su proizvedeni pomo¢u WMA
tehnologije iz razli¢itih razloga, na primer, da bi se poboljSala ugradljivost asfalta
pri snizenoj temperaturi polaganja. Ovo stanje je uobi¢ajeno za projekte asfaltiranja
puteva u regionima sa hladnom klimom ili za slu€ajeve transporta na velike udaljenosti.
Bez obzira na definisani tehnicki cilj, prakti€na posmatranja na terenu i laboratorijska
ispitivanja pre i posle ovih projekata pokazuju obecavajuée rezultate u koriséenju
hemijskih WMA aditiva za razli¢ite tehniCke ciljeve projekata asfaltiranja. Ovi dobijeni
rezultati su potkrepljeni rezultatima istrazivanja uzoraka asfalta uzetih sa gradilista.

Kljuéne reci: Odrzivi kolovozi, Zeleni materijali i tehnologije, Topla asfaltna meSavina
(WMA), Ugradljivost, Hemijski aditivi
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GEOTEHNICKI USLOVI I1ZGRADNJE NADVOZNJAKA ,BALAJNAC“ NA
AUTOPUTU E-80 DEONCA: NIS - MEROSINA

Dragoslav Raki¢, Rudarsko-geoloski fakultet, Univerzitet u Beogradu, Nikola
Bozovi¢, Institut za ispitivanja materijala — IMS, Beograd

Rezime: U sklopu prve deonice autoputa E-80 Ni§ — MeroSina, izgraden je nadvozZnjak
u zoni sela Balajnac koji je oslonjen na tri stubna mesta na medusobnom rastojanju
od oko 26 m. Svaki stub je fundiran na Sipovima i to sa predlozenim rasporedom od
2 Sipa u grupi na medusobnom rastojanju od 3.6 m. U radu su na osnovu izvrdenih
geotehnickih istraZivanja terena, analizirani rezultati nosivosti vertikalno optere¢enog
Sipa pre¢nika 1.2 m i duzine Sipa od L = 23 m. Analiza je izvrSena primenom razli€itih
metoda koristeci rezultate statiCke i standardne penetracije, laboratorijskih ispitivanja
tla kao i probnog opterecenja Sipa.

Kljuéne reéi: nadvoznjak ,Balajnac®, Sip, probno opterecenje Sipa, projektni pristup,
grani¢na stanja

GEOTECHNICAL CONDITIONS FOR THE CONSTRUCTION OF “BALAJNAC”
OVERBRIDGE ON THE HIGHWAY E-80 SECTION: NIS - MEROSINA

Abstract: As part of the first section of the E-80 highway Ni§ - MeroSina, an
overbridge was built in the area of the village of Balajnac, which is supported by three
piles at a distance of about 26 m. Each pillar is founded on piles with the proposed
arrangement of 2 piles in a group at a distance of 3.6 m. Based on the geotechnical
investigations of the terrain, the results of the bearing capacity of a vertically loaded
pile with a diameter of 1.2 m and a pile length of L = 23 m were analyzed in the paper.
The analysis was performed by applying different methods using the results of static
and standard penetration test, laboratory soil tests as well as pile load test.

Keywords: “Balajnac” overbridge, pile, pile load test, design approach, limit states
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B PROBLEMATIKA VODPENJA BICIKLISTICKIH KRETANJA U GRADSKIM
USLOVIMA

Sanja Fric, Gradevinski fakultet, Univerzitet u Beogradu, Dejan Gavran, Gradevinski
fakultet, Univerzitet u Beogradu, Vladan lli¢, Gradevinski fakultet, Univerzitet u
Beogradu, Filip Trpéevski, Gradevinski fakultet, Univerzitet u Beogradu, Stefan
Vranjevac, Gradevinski fakultet, Univerzitet u Beogradu, Milo§ Luki¢, Gradevinski
fakultet, Univerzitet u Beogradu, Nikola Milovanovi¢, Gradevinski fakultet,
Univerzitet u Beogradu

Rezime: Strategija unapredenja saobracaja u gradskim uslovima, u skladu sa
evropskim direktivama i principima odrzive urbane mobilnosti, podrazumeva izmedu
ostalog i redukciju koriS¢enja putnickog automobila uz istovremeno stvaranje uslova
za vece i bezbednije odvijanje pesackog i biciklistickog saobracaja. Strategija koju je
usvojio grad Beograd podrazumeva preko 100km novih biciklistickih staza u gradu
Beogradu, odnosno povecanje nemotorizovanih sredstava prevoza na oko 30% u
ukupnoj raspodeli. Medutim, bez obzira na preuzete obaveze strategijom, postavlja
se osnovno pitanje koje sve vrste biciklistiCke infrastrukture postoje, koje su sustinske
razlike izmedu njih i kako uopste projektovati biciklistiCka kretanja u nasim urbanim
sredinama. U radu c¢e biti prikazani osnovni principi oblikovanja biciklistiCkih staza,
traka i puteva, uz davanje konkretnih sugestija za unapredenje njihovog vodenja u
gradskim uslovima, kroz primer grada Beograda.

Klju€ne reci: strategija, biciklistiCka staza, biciklisticka traka, biciklisti¢ki put, slobodan
profil, saobracajni profil, raskrsnice

TYPICAL PROBLEMS RELATED TO BICYCLE TRAFFIC ASSIGNMENT IN
URBAN SURROUNDING

Abstract: The strategy for traffic safety improvement in urban surrounding, in
accordance with the European directives and principles of sustainable urban mobility,
includes, among other things, the reduction of passenger car use while simultaneously
creating conditions for increased and safer pedestrian and bicycle traffic. The strategy
adopted by the city of Belgrade implies over 100 km of new bicycle paths inside the
city , i.e. an increase in non-motorized means of transportation to about 30% in the
total travel modal split. However, regardless of the commitments undertaken in line
with the adopted strategy, the basic questions addressing which types of cycling
infrastructure exist, what are the essential differences between them and how to
provide for cycling movements in local urban environment arise. The paper presents
the basic principles of bicycle paths’, lanes’ and tracks’ design. Exact measures for
improving bicycle traffic in the city of Belgrade are shown also.

Keywords: strategy, bicycle path, bicycle lane, bicycle track, clearance profile,
intersections
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AHATN3A E®EKATA NPUMEHE MEPA 3A YCINTOPABAHE CAOBPATRAJA

MunaH MunaHoBuh, ®akynteT TexHudkux Hayka Hoeu Cag, Byk BorgaHoBwuh,
dakynTeT TexHn4ykux Hayka HoBu Cag, Hemawa MNapyHoBuh, ®akynteT TEXHUYKMX
Hayka Hosu Cag,

Pe3ume: MHore nokanHe camoynpaBe NpUMEHYjy pasnuumMte Mmepe 3a ycrnopaBake
caobpahaja Ha ynu4yHOj Mpexn. Beoma 4yecTo ce yrpagwa ycrnopuBada BpLUM
HecenekTBHO, 6e3 aHanun3e HeraTMBHUX edekaTta M n3bop ycrnopmeaya y cknagy
ca cTBapHuMM noTpebama. M3 Tor pasnora, edekTn npuMMeHe ycrnopvBaya 4ecto
Cy CKpOMHMU, y3 noeehare Gyke n Bnbpaumja y HUXOBOj OKONMHW. Y OKBUPY paga
n3BpLUIEHa je aHanmM3a MOryhHOCTM MpUMEHe pasnMYUTMX BPCTa XOPU3OHTASTHUX
N BEpTUKanHMxX ycropmeaya, kao n mMoryhu eqektn wuxose npumeHe. Y pagy cy
npviKkasaHu pesynTtaTtv UCTpaXmBaka BPeOHOCTU M KapakTepucTuka 6p3mHe Bo3una
NpUIMKOM npernacka npeko ogpefheHnx TMnoBa ycnopueaya, kao u 6pavHe Bosuna Ha
OenoBuMa yrnvyHe Mpexe Mpe 1 HaKoH ycnopvBsaya.

Krby4yHe peun: Ycnopmsaum caobpahaja, 6p3nHa, ecpektn npumeHe

ANALYSIS OF THE EFFECTS OF THE APPLICATION OF TRAFFIC SLOWING
MEASURES

Abstract: Many local governments implement various measures to slow down traffic
on the street network. Very often, installation of retarders is done indiscriminately,
without analysis of negative effects and selection of retarders in accordance with real
needs. For this reason, the effects of retarder application are often modest, with an
increase in noise and vibration in their environment. As part of the work, the possibility
of applying different types of horizontal and vertical retarders was analyzed, as well
as the possible effects of their application. The paper presents the results of research
into the values and characteristics of vehicle speed when crossing certain types of
retarders, as well as vehicle speeds on parts of the street network before and after
the retarders.

Keywords: Traffic retarders, speed, application effects
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B SISTEM ODVODENJA ATMOSFERSKIH VODA SA AERODROMA ,NIKOLA
TESLA”- BEOGRAD, POSLE IZGRADNJE NOVE UMETNUTE POLETNO -
SLETNE STAZE

Dusko Bozovié, NEO Aerodromes Engineering, Beograd, Vesnha Tomi¢,
Masinoprojekt Kopring, Beograd

Rezime: Glavna poletno - sletna staza sa pripadaju¢im sistemom za odvodenje
atmosferskih voda, izgradena je u periodu od 1958.- 1961. god. U periodu od
2020.- 2023. izgradena je nova umetnuta poletno — sletna staza. Sistem odvodenja
atmosferskih voda sa manevarskih povrSina umetnute PSS projektovan je kao
autonomni (bez ukljuenja u sistem kiSne kanalizacije ostalog dela aerodroma).
Atmosferske vode sabirane su bo¢nim rigolama sa slivnicima i sistemom kolektora
odvedene u otvorenu retenziju, a iz otvorene retenzije kontrolisanim protokom u
recipijent - kanal Galovica.

Izgradnja nove — umetnute PSS predstavlja slozen gradevinski poduhvat u pogledu
odvodenja atmosferskih voda gde je bilo potrebno inkorporirati i postojeci sistem kiSne
kanalizacije glavne PSS. Pri tom, za deo voda predvidena je podzemna AB retenzija
sa pumpnom stanicom i potisnim cevovodom za spoj sa ostalim delom gravitacionog
odvodnog sistema. Sistem kiSne kanalizacije izveden je ugradnjom HDPE spiralnih
kanalizacionih cevi pre¢nika (DN300-DN2000) i obodnih krutosti SN8 i SN32.

Kljuéne reci: poletno-sletna staza, kiSna kanalizacija, drenaza, retenzija, rigola,
slivnici

THE RAINWATER DRAINAGE SYSTEM OF ,NIKOLA TESLA” AIRPORT -
BELGRADE, AFTER THE CONSTRUCTION OF THE NEW INSERTED RUNWAY

Abstract: The Main runway with associated rainwater drainage system was built
in the period from 1958. to 1961. New inserted runway was built in the period from
2020. to 2023. The rainwater drainage system from the maneuvering surfaces of the
inserted runway is designed as autonomous (without being included in the rainwater
drainage system of the rest of the airport). Rain water was collected by lateral gutters
with gullies and taken by collector system to an open detention pond, and from the
open detention pond through a controlled flow to the Galovica drainage channel.
The construction of a new — inserted runway represents a complex construction
system in terms of rainwater drainage, where it was necessary to incorporate the
existing rainwater drainage of the Main runway. At the same time, an underground
RC detention pond with a pumping station and the boosted pipeline for connection
with the rest of the gravity drainage system is planned for partial of the rain water. The
rainwater drainage system was made by installing HDPE spiral drainage pipes with a
diameter (DN300-DN 2000) of ring stiffness SN8 and SN32.

Keywords: runway, rainwater drainage, perforated drainage, detention pond, gutter,
gullies
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TIPOVI DENIVELISANIH RASKRSNICA NA VISETRACNIM PUTEVIMA

Nikola Nikitovi¢, Hidroprojekat-saobrac¢aj, d.o.o. Beograd, Filip Trpcevski,
Gradevinski fakultet, Univerzitet u Beogradu, Dejan Despotovi¢, Hidroprojekat-
saobracaj, d.o.o0. Beograd, Danijela Rotula, Hidroprojekat-saobracéaj, d.o.0. Beograd,
Mihajlo Kuzmanovié¢, Hidroprojekat-saobracaj, d.o.o. Beograd

Rezime: ViSetraCni putevi (motoputevi; brze saobracajnice) kao funkcionalni tip
saobracajnica Cija se intenzivna izgradnja planira u narednom periodu u Republici Srbiji,
nisu u potpunosti obradeni propisima za projektovanje puteva. Prilikom izrade projekata
potrebno je praviti kompromise izmedu pojedinih odredbi propisa za autoputeve i za
dvotratne puteve. Za ukrstanje viSetraCnog puta sa drugim putnim pravcima razli€itih
kategorija mogu se koristiti povrsinske i denivelisane raskrsnice. Za Cetvorotratne
viSetraCne puteve sa raunskom brzinom 100km/h, denivelisani ukrstaiji bi trebali biti izbor
u najvec¢em broju slu€ajeva, s obzirom na aspekte efikasnosti i bezbednosti. S obzirom
da se radi o saobracajnicama na kojima se ne planira naplata putarine na naplatnim
stanicama, moguca je primena kompaktnijih reSenja u odnosu na uobi€ajene denivelisane
raskrsnice na autoputevima. Izbor tipa denivelisane raskrsnice zavisi od funkcionalnog
ranga i kategorije saobracajnice sa kojom se viSetracni put ukrsta (autoput, visSetracni
put, drzavni put, priklju¢ak za veée naselje...), saobracajnog opterec¢enja i uslova lokacije
(topografska, geotehniCka, urbanisticka i druga ograni¢enja). Cilj rada je da se kroz
iskustva u izradi idejnih projekata viSetracnih puteva prikaze pregled mogucih reSenja
denivelisanih raskrsnica. U radu su opisani relevantni tipovi denivelisanih raskrsnica i
kriterijumi za njihov izbor prilikom projektovanja.

Kljuéne reéi: motoput, viSetrani put, denivelisana raskrsnica, kriterijumi
TYPES OF INTERCHANGES ON MULTI-LANE ROADS

Abstract: Multi-lane roads (Dual carriageway roads; high-speed roads) as a functional
type of roads whose intensive construction is planned in the coming period in the
Republic of Serbia, are not adequately processed by the regulations for road design.
When drafting designs, it is necessary to make compromises between certain
provisions of regulations for highways and for two-lane roads. For crossing the multi-
lane road with other routes of different categories, intersections and interchanges
(grade-separated junctions) can be used. For four-lane roads with a design speed
of 100km/h, interchanges should be the choice in most cases considering aspects
of efficiency and safety. Since these are roads where toll collection is not planned,
it is possible to apply more compact solutions compared to the usual interchanges
on highways. The choice of type of interchange depends on the functional rank and
category of the road with which the multi-lane road intersects (highway, multi-lane road,
state road, local connection for the settlement), traffic load and location conditions
(topographic, geotechnical, urban and other restrictions). The aim of the paper is to
present an overview of possible solutions of interchanges through the experience in
the development of preliminary designs of multi-lane roads. The paper describes the
relevant types of interchanges and criteria for their selection when designing.

Keywords: moto-road, multi-lane road, interchange, criteria
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B PRIMENA SAVREMENIH METODA ISPITIVANJA REOLOSKIH KARAKTERISTIKA
BITUMENSKOG VEZIVA

Porde Toskovi¢, Gradevinskiinstitut CPL—Novi Sad, Goran MiSanovi¢, Gradevinski
institut CPL — Novi Sad, Zelimir Perié, Gradevinski institut CPL — Novi Sad, Radomir
Jakovljevi¢, Gradevinski institut CPL — Novi Sad

Rezime: Jedan on najvaznijih faktora koji utiCu na karakteristike asfalte meSavine
je bitumensko vezivo. Pored masenog ucesc¢a veziva koje se odreduje prethodnim
sastavom asfaltne meSavine, na njene performanse dominantno utiCu karakteristike
samog veziva. Kako bi se odgovorilo na klimatske promene koje se ogledaju kroz
povisenu prosecnu temperaturu tokom leta, kao i sve u€estalijim ekstremnim klimatskim
pojavama, potreba za boljim razumevanjem ponaSanja kolovozne konstrukcije je sve
veca. Pored temperature, uodljiv je i porast saobracajnog optereéenja koji negativno
utiCe na asfaltne slojeve kolovozne konstrukcije. Karakterizacija i poredenja veziva vrsi
se primenom razli¢itih metoda ispitivanja primenom savremenih uredaja. Upotrebom
Dinami¢kog reometra za smicanje DSR, Reometra za savijanje gredica BBR i
Rotacionog viskozimetra, moguce je ustanoviti reoloSke karakteristike pri visokim,
srednjim i niskim temperaturama. Vr$i se merenje otpornosti na plasti¢nu deformaciju
veziva, otpornost na zamor, pucanje pri niskim temperaturama kao i viskoznost veziva.
Drugim reCima, bolje razumevanje ponasSanje asfaltne meSavine tokom ugradnje i
eksploatacije. Ispitivanja su vr§ena na razli€itim tipovima i klasama veziva.

Kljuéne reci: Bitumen, asfalt, reologija, reometar, kolovozna konstrukcija

APPLICATION OF MODERN METHODS OF TESTING RHEOLOGY
CHARACTERISTICS OF BITUMEN BINDER

Abstract: One of the most important factors affecting the characteristics of asphalt
mixtures is the bituminous binder. In addition to the mass participation of the binder,
which is determined by the preliminary composition of the asphalt mixture, the
performance is dominantly influenced by the characteristics of the binder itself. In
order to respond to climate changes, which are reflected in the increased average
temperature during the summer, as well as more and more frequent extreme
weather events, the need for a better understanding of the behavior of pavement
construction is necessary. In addition to the temperature, an increase in traffic load
is also noticeable, which has a negative effect on the asphalt layers of the roadway
structure. Characterization and comparison of binders is carried out using different
test methods using modern devices. Using the Dynamic Shear Rheometer DSR,
the Bending Beam Rheometer BBR and the Rotary Viscometer, it is possible to
determine the rheological characteristics at high, medium and low temperatures.
Resistance to plastic deformation of the binder, resistance to fatigue, cracking at
low temperatures, as well as viscosity of the binder are measured. In other words,
a better understanding of the behavior of asphalt mixtures during installation and
exploitation. Tests were performed on different types and classes of binders.

Keywords: Bitumen, asphalt, rheology, rheometer, pavement construction
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KAHAJIIUCAKE OPEHAXHUX, MOBPLUMHCKUX U KULLHUX BOOA HA AYTO
nyTy E-75 UISMEDHY KPAJA MOCTA MOPABA 1 U MOYETKA MOCTA MOPABA
2 NOAAEOHULEE ULAPUYUHA OOJNMUHA - TYHEN“MAHAJIE® Of1 KM 888+600
A0 KM 890+250

JoBaH [JecnotoBuh, VPTKYL — YHECKO LleHTap - [paheBuHCKM dpakynTer,
YHuBep3uteT y beorpagy, Munoje BacusrbeBuh, [Npeay3ehe Road Design, beorpag

Pe3ume: Ha komnneTtHoj geoHuum mma 39 nponycta, XMAPOTEXHUYKO Yypehewe
Cenuwwikor notoka kao u 6 moctoBa (MopaBa 1, Mopaea 2, MomuH kameH, Kyyajcka
ponvHa, Cokonuua n KosHuuka peka). Benuke npvpogHe n Bpro CTpMe NOBpLUMHE
nopeg ayTo nyTa, paHuje obpacne BeretauujoM, caga Cy NMOKpPMBEHE TOPKPETOM —
npckaHnm 6eToHOoM, (3a BoAy arncosflyTHO HEMPOMYCHMM), ca aHKepuma A0 34paBor
Tnay 3aneny. Te NoBpLUMHE OBKX 3aceka nagajy Bpno ctpmo ka Jy>kHoj Mopasu, n'y
MonNpeyYHOM Npeceky JOMMHE OHA je NPaKTUYHO MOSIOBMHA KakoHa peke. Marpagrom
ayTo nyTa je M3BpLleHa ApacTMyHa MpoOMeHa Mo MuTaky ChvBaka BOAE ca Bprio
CTPMMX MOBPLUNHA, U TO MOBPLUMHCKMX, NMOA3EMHUX-NMPOBUPHUX KOje Ce NMOBPEMEHO
N3r1Bajy, Kao 1 KULHOT oTuuaja, ynpaBo Ucnog ayto nyta y gonunHy JyxHe Mopase.
Y oBOM pagy 3a npukasuBake je n3abpaH nortes nsmely kpaja mocta Mopasa 1 n
noyetka Mmocta Mopaga 2, 360r KapakTepUCTUYHMX 3adaTaka u pellera 3a ogBohere
OPEHaKHMX, MOBPLUMHCKUX U KULLIHUX BOAA.

KrbyuyHe peun: Ayto nyt E-75, cTpmMe noBpLUMHe 3aceka, KaHanmcawe CBUX BoAa:
MOBPLLUWHCKE, NOA3EMHE, KULLHE

DRAINAGE OF SUBSURFACE, SURFACE AND RAINFALL RUNOFF ON THE
STRECH BETWEEN THE END OF THE MORAVA 1 BRIDGE AND BEGGINING
OF THE MORAVA 2 BRIDGE AT THE SUBDIVISION CARICA VALLEY - TUNNEL
MANAJLE, FROM KM 888+600 TO KM 890+250

Abstract: At this section of the Motorway E-75 there are 39 culverts, hydraulic training
of the Seliski brook and 6 bridges (Morava 1, Morava 2, Momin rock, Kucaj velley,
Sokol and Koznik brooks). Large natural and very steep areas next to the motorway,
previously overgrown with vegetation, are now covered with absolutely impermeable
sprayed concrete with anchors to the rock soil in the hinterland. The surfaces of these
cuts fall very steeply towards the South Morava river, and in the cross-section of the
valley these appears as practically half of the river canyon. With the construction of the
motorway, a significant change was made accounting the water draining from those
steep surfaces, namely surface, subterranean-seepage that occasionally overflows,
and rainfall runoff below the motorway into the South Morava valley. In this paper is
presented stretch between the end of the bridge Morava 1 till the beginning of the
bridge Morava 2, accounting for the typical demands and solutions for dewatering of
subsurface water, and surface and rainfall runoff.

Keywords: Motorway E-75, areas upstream motorway, steep slopes, ground water,
surface and rainfall runoff, drainage
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B MOJOEN U3PALE MNMOANOrA 3A MIMAHUPAKE U NMPOJEKTOBAHKE NMYTEBA

OATbUHCKOM OETEKLIMJOM
Oparad MuhaHoBuh, CaobpahajHu dakynTteT, [Joboj, PC-bux

Pe3unme: [JlarbuHCKOM feTEKLMOM ce 06jeantaBajy caBpeMeHa TeXHUYKa gocTurHyha
1 3Hakba reofgesuje, ootorpameTpuje, kKaptorpaduije, reorpadcko-mHpOopMaLMoHNX
cuctema (MMC) Te gpyrux Hay4yHux gucumnnuvHa. Ca umrbem gobujara ogrosapajyhe
noanore 3a nraHupawe U MpojekToBawe nowTyjyhm npuHumne Op3uHe,
cBeobyxBaTHOCTM TepuTopuje, oaroBapajyhe reomMeTpujcke 1 NPOCTOPHE Ta4yHOCTH,
€KOHOMMWYHOCTU, MEPUOANYHOCTH.

Y pagy je gat mogen uspage noanore 3a nnaHupake U NpojekToBake NpUMjeHOM
JarbuHCKe aeTtekuuje.

KrbyuHe peuu: [larbuHcka getekumja, nognore, nyTeBu, NiiaHMpake 1 NpojekToBake

MODEL OF CREATION OF THE SUBSTRATE FOR ROAD PLANNING AND
DESIGN BY REMOTE SENSING

Abstract: Remote sensing combines modern technical achievements and knowledge
of geodesy, photogrammetry, cartography, geographic information systems (GIS) and
other scientific disciplines. With the aim of obtaining an appropriate basis for planning
and designing, respecting the principles of speed, comprehensiveness of the territory,
appropriate geometric and spatial accuracy, economy, periodicity.

The paper presents a model for creating a basis for planning and designing using
remote sensing.

Keywords: Remote sensing, surfaces, roads, planning and design
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INZENJERSKOGEOLOSKI 1ZAZOVI PRI PROJEKTOVANJU | 1ZVODENJU
TUNELA “MUNJINO BRDO” SA OSVRTOM NA BENEFITE PRIMENE DFN
METODOLOSKOG PRISTUPA U BUDUCNOSTI

Dragana Slavkovi¢, Saobracajni Institut CIP, Beograd, Toplica Novakovi¢,
Saobracéajni Institut CIP, Beograd, Darko Lisinac, Saobracajni Institut CIP, Beograd
Vladimir Filipovi¢, Saobracajni Institut CIP, Beograd

Rezime: Na auto-putu E-763 ,Milo§ Veliki“ u okviru deonice Preljina-PoZega se
trenutno izvodi tunel ,Munjino brdo® koji je okarakterisan kao jedan od najzahtevnijih
gradevinskih poduhvata u Srbiji. Neretko se kao glavni uzrok otezanog izvodenja
radova u ovom tunelu pominju upravo ,nepredvidivi“ ili ,lo$i* geolodki uslovi. Sta
znaci ,losa“ ili ,nepredvidiva“ geologija i koliki uticaj geologija moze imati na izgradnju
jednog objekata? Kako se definiSu geoloski uslovi u terenu i u kojoj meri oni mogu
imati uticaj na ukupnu vrednost objekta? U radu ¢e biti dati odgovori na ova ali i
mnogo druga pitanja sa ciliem sticanja jasnijeg uvida u znacaj izrade elaborata o
geotehnickim uslovima izgradnje nekog objekta. Posebna pazZnja ¢e biti usmerena
na prikaz benefita implementacije inovativnog DFN (Discrete Fracture Network)
metodoloskog pristupa u buducnosti, pre svega pri projektovanju i izvodenju objekata
u terenima iste ili slicne geoloSke slozenosti.

Kljuéne reci: DFN (Discrete Fracture Network), tunel ,Munjino brdo®, slozeni geoloski
uslovi

ENGINEERING - GEOLOGICAL CHALLENGES IN THE DESIGN AND
CONSTRUCTION OF THE ,,MUNJINO BRDO"“ TUNNEL WITH A REVIEW TO THE
BENEFITS OF THE DFN METHODOLOGICAL APPROACH APPLICATION IN THE
FUTURE

Abstract: On the highway E-763 “Milo$ Veliki” within the Preljina-Pozega section,
the “Munjino brdo” tunnel is currently being constructed and it was characterized as
one of the most demanding construction projects in Serbia. “Unpredictable” or “bad”
geological conditions were quite often mentioned in public as the main reason for
the difficulty of carrying out works in this tunnel. What does “bad” or “unpredictable”
geology mean and how much influence can geology have on the construction of a
facility? How are geological conditions of the terrain defined and to what extent can
they impact the overall cost of the object? The paper will provide answers to these
and many other questions to gain a clearer insight into the importance of making a
report or study on the geotechnical conditions for construction of structures. Special
attention will be directed on the presentation of innovative DFN (Discrete Fracture
Network) methodological approach implementation benefits in the future, primarily
during designing and execution of works of facilities on terrains of the same or similar
geological complexity.

Keywords: DFN (Discrete Fracture Network), ,Munjino brdo“ tunnel, complex
geological conditions
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B PASIVNIIN-SITU TRETMAN OCEDNE VODE POMOCU AKTIVNIH GEOKOMPOZITA

Marija Bakra¢, Geoestetika d.o.0., Thomas Hasslacher, Huesker Synthetic GmbH,
Stefan Niewerth, Huesker Synthetic GmbH

Rezime: U danasnje vreme, povrSine potencijalno kontaminirane u znacajnoj meri,
pokrivaju se vodonepropusnim betonom ili asfaltnim slojevima u cilju prikupljanja
zagadjene ocedne vode. U ovom radu, autori Zele da predstave koncept “pasivnog
in-situ tretmana” pomodu barijera za zagadjuju¢e materije nacinjenih od geotekstilnih
materijala velike povrSine, umesto koncepta odvodenja ocedne vode i njenog
centralizovanog tretmana na postrojenjima za preciS¢avanje. Glavna komponenta
pasivnog in-situ tretmana, na nacin definisan ovde, je troslojni geokompozit sa jezgrom
od absorbenta za naftu. Geotekstili mehanicki stabilizuju sorbente kao $to su aktivni
ugal;j ili sredstva koja vezuju naftu koji se nalaze u sendvi¢u izmedju njih. U radu ce biti
predstavljeni rezultati istraZivackog projekta osmisljenog i implementiranog u saradnji
Univerziteta primenjenih nauka u Munsteru, grada Munstera i kompanije Huesker
Synthetic GmbH, sa razli€itim tzv. aktivnim geokompozitima za koje je ispitivana je
sposobnost da zadrze ukupne suspendovane Cestice (TSS) i ostale polutante prisutne
u ocednoj vodi sa puteva. Uz to u radu ¢e biti predstavljene dve studije slu€aja u
velikoj razmeri: izgradnja filtracionog bazena za ocednu vodu u Finskoj i konstrukcija
od kontaminiranog tla — vrednog gradevinskog materijala, a ne otpada.

Kljuéne reci: aktivni geokompoziti, zastita podzemnih voda, infrastruktura, nove
tehnologije

PASSIVE IN-SITU TREATMENT FOR RUNOFF WATER WITH ACTIVE
GEOCOMPOSITES

Abstract: Nowadays, surfaces with potentially significant contamination are sealed
with impermeable concrete or asphalt layers to collect the carrier medium of the
substances of concern — the runoff. In this paper authors want to introduce concept of
“passive in-situ treatment” using large-area, permeable contaminant barriers made of
geotextiles to overcome the concept of piping runoff water and centralized treatment
in wastewater treatment plants. The main component of the passive in-situ treatment
system as defined here, is a three-layer geocomposite with oil absorbent core.
Geotextiles mechanically stabilize sorbents such as activated carbon or oil binders
in a sandwich fabric. The paper will present results of a research project designed
and implemented by Minster University of Applied Sciences, the City of Minster and
HUESKER Synthetic GmbH, with various so-called active geocomposites tested for
their retention capacity against total suspended soil (TSS) and other pollutants present
in stormwater runoff from roads. In addition to this the paper will present 2 large-scale
case studies: Construction of a filtration basin for road runoff in Finland and Earth
structures with contaminated soils — valuable construction material instead of waste.

Keywords: active geocomposites, groundwater protection, infrastructure, new
technologies
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THE LADISER LANDSLIDE MITIGATION PROJECT WITH A FLEXIBLE HIGH
TENSILE STEEL MESH PROTECTION SYSTEM

Vjekoslav Budimir, Geobrugg AG, Representative office in the Republic of Croatia,
Helene Lanter, R&D Department, Geobrugg AG, Romanshorn, Switzerland, Armin
Roduner, R&D Department, Geobrugg AG, Romanshorn, Switzerland

Abstract: Slope stabilization systems, with meshes made of high-tensile steel wire,
have been in use for 20 years and have proven to be reliable systems on loose rock
and soil slopes. The optimization of the nailing pattern, thanks to the high load bearing
capacity of the system, permits a reduction of the overall costs and represents an
economical solution compared to conventional systems such as shotcrete and mild
steel wire mesh. Dimensioning can be carried out for each specific geotechnical setting
of a slope with a freely available software called Ruvolum. Additionally, this type of
protection measure represents an ecological solution compared to classical slope
stabilisation works. Indeed, light steel mesh is used instead of concrete for example
and an optimised nail pattern can be implemented, which requires less anchor bars
and less drilling. The flexible high tensile steel mesh can also be used for landslide
site stabilisation in combination with a previously dimensioned anchor grid by a global
stability analysis software. This paper presents a landslide case study, in Austria, where
flexible high tensile steel wire meshes for slope stabilization were successfully applied.

Keywords: Landslide mitigation, high-tensile steel mesh, flexible protection system,
Tecco
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B UTICAJ REFERENTNOG PERIODA MJERODAVNE TEMPERATURE NA
PRORACUN DILATACIJA U KOLOVOZNIM KONSTRUKCIJAMA

Milan Marinkovié, Fakultet tehni¢kih nauka, Departman za gradevinarstvo i
geodeziju, Univerzitet u Novom Sadu

Rezime: Proracun kriticnih dilatacija u kolovoznim konstrukcijama zavisi od uticaja
saobracajnog opterecenja, klimatskih uticaja i performansi svakog materijala koji
se koristi u slojevima kolovozne konstrukcije. Postoji nekoliko softvera u kojima se
moze izvrsiti proracun dilatacija. U ovom radu je kori§¢en softver DAMA. Mjerodavne
temperature, kao jedan od ulaznih parametara, su vrlo vazne i one predstavljaju
parametar koji se dobija za period od 30 godina. U ovom radu su analizirani proracuni
kolovoznih konstrukcija za dva razliCita referentna perioda: od 1981. godine do
2010. godine i od 1991. do 2020. godine, i to za lokacije u Beogradu i Novom Sadu.
Proracun je izvrSen za istu fleksibilnu kolovoznu konstrukciju. Dobijeni rezultati su
pokazali da se, sa povecanjem mjerodavne temperature, povecavaju i dilatacije ali
za vrlo male vrijednosti. O¢ekivani vijek trajanja, u smislu broja prelaza standardnih
osovina ESO, se isto smanjuje.

Kljuéne reéi: Kolovozna konstrukcija, Dilatacije, Meteorologija, Mjerodavne
temperature

THE INFLUENCE OF THE TEMPERATURE REFERENCE PERIOD ON THE
STRAINS IN PAVEMENT DESIGN

Abstract: The strains design in pavement structures depends on the influence of traffic
load, climatic influences and the performance of each material used in the layers of the
pavement structure. There are several software for strains design. DAMA software was
used in this paper. The relevant temperatures, as one of the input parameters, are very
important and they represent a parameter that is obtained for a period of 30 years. In
this paper, pavement design for two different reference periods were analyzed: from
1981 to 2010 and from 1991 to 2020. year, for locations in Belgrade and Novi Sad. The
calculation was made for the same flexible pavement structure. The obtained results
showed that, with an increase in the reference temperature, the strains also increase,
but by very small values. The expected pavement life, in terms of ESAL number, also
decreases.

Keywords: Pavement structure, Strains, Meteorology, Temperature
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PRIMENASAVREMENIHGEODETSKIHMETODAKODIZRADETOPOGRAFSKIH
PODLOGA ZA POTREBE PROJEKTOVANJA | ODRZAVANJA PUTEVA

Momir Mitrovié, Preduzeée za geomatiku MapSoft, Beograd, Zeljko Cvijetinovi¢,
Gradevinski fakultet, Univerzitet u Beogradu, Igor Nedeljkovié, Preduzeée za
geomatiku MapSoft, Beograd

Rezime: Kvalitet i brzina izrade projekta puta i putne infrastrukture u velikoj meri
zavisi od istraznih radova u koje ubrajamo i izradu topografskih podloga. Izrada
ovih podloga moze se znacajno poboljSati ako se ima u vidu veliki napredak
metoda za prostorno pozicioniranje i prikupljanje i obradu prostornih podataka.
Najbolji rezultati se postizu kombinovanjem viSe metoda prikupljanja prostornih
podataka. Optimalan izbor ovih metoda, kao i izbor optimalne tacnosti i nivoa
detaljnosti (koliCine) podataka, predstavlja izazov kod izrade podloga za razliCite
nivoe projektovanja. U radu je dat prikaz savremenih metoda prikupljanja podataka:
aerofotogrametrija, LIDAR skeniranje iz vazduha, mobilno kartiranje otvorenih i
zatvorenih prostora i terenske metode. Metode su analizirane u pogledu tacnosti,
ekonomicénosti, prednosti i mana. Pored standardnih topografskih podloga,
razmatrani su i produkti kao §to su: oblak tacaka, 3D model i sferne fotografije, a
posebno sa aspekta projektovanja koriS¢enjem CAD/BIM alata, pra¢enja radova
kod izgradnje i izrade BIM/GIS ili Digital Twin modela za odrzavanje puteva i putne
i saobracéajne infrastrukture.

Kljuéne reci: LIDAR, mobilno kartiranje, aerofotogrametrija, digitalno modeliranje
terena, ortofoto, topografska podloga, geodezija

APPLICATION OF MODERN GEODETIC METHODS IN THE PRODUCTION OF
TOPOGRAPHIC PRODUCTS FOR THE ROAD DESIGN AND MAINTENANCE
REQUIREMENTS

Abstract: The quality and speed of the construction of the roads and road
infrastructure largely depends on the investigative works, which also include the
production of topographical products. The production of these products can be
significantly improved if one takes into account the great progress of methods
for spatial positioning and the collection and processing of spatial data. The best
results are achieved by combining several methods of spatial data collection. The
optimal selection of these methods, as well as the choice of the optimal accuracy
and level of detail (amount) of data, is a challenge when creating products for
different levels of design. The paper presents modern methods of data collection:
aerial photogrammetry, aerial LIiDAR scanning, mobile mapping of exterior
and interior spaces and field methods. The methods were analyzed in terms of
accuracy, cost-effectiveness, advantages and disadvantages. In addition, standard
topographic products such as point cloud, 3D model and spherical images were
also considered, especially from the aspect of the design using CAD/BIM tools,
monitoring construction works and creating BIM/GIS or Digital Twin models for the
maintenance of roads and road and traffic infrastructure.
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Keywords: LiDAR, mobile mapping, aerial photogrammetry, digital terrain
modelling, orthophoto, topographic product, geodesy
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B NPOBNEMU KOO MALWLUUHCKE U3PAOE BETOHCKE PUIOJIE Y AC®AITTHOM
KOJNIOBO3Y (npumep Wsrpagwa gpxaBHor nyta IB pega 6p. 27 Jlo3Huua-
BarmeBo-JlazapeBau, aeoHuua Meepak-IlajkoBaw)

MwunoBaH Thepanuh, Kopugopu Cpbuje goo

Peaume: [lpunukom wu3rpagwe [[eoHuUe ayTonyTa, pPadoBuM Ha OABONewy
aTmocdepcke Boge ca caobpahajHuue ce obu4HO 1M3BOAE Npe m3page acanTHUX
cnojeBa. Hajuewhe ce 3a opBoawaBamwe caobpahajHuMua KOpUCTe MBUYHALM,
cnmMBHMUM 1 waxToBu. 360r npobnema ca 30ujareM crojeBa Hacuna namehy waxra
W CNVBHWKA, Mporacka Bode Mnopen CNMBHUKA ako HUje MOHTMpPaH Y3 MBUYH-AK,
W3OWUTHYTUX UKW YNYLITEHWX CIMBHYKA, MPUMEHA OBMX elEMeHaTa Of4BOA4H-aBaka ce
nokasarna kao HeedmkacHa. 3aTo ce, Kao efleMeHTM oOfBOAHaBarka caobpahajHuue,
CBe BMLUE MPUMEHYjY PUrone Unm nBnYkauy ca LWaxToBuma Koju Cy CMELUTEHU BaH
caobpahajHuue y Tpane3Ha 6eToHCKa NpoLuMpera T3B ,Huwe®. Kako ce n3paga oBux
eneMeHaTa 3a OfBOfHaBarwe BoAe ca caobpahajHuue M3BOAM HemnocpegHo npe
n3page acganTHUX crnojeea, 36or 6p3vHe paga, CBe BULLE Ce MpUMeEYje M3paaa
DETOHCKMX enemeHaTa MalMHCKUM MyTEM.

Krby4yHe peun: OgBoanaBane, caobpahajHuua, WwaxT, CNMBHKUK, pyurona, npobnemm

PROBLEMS IN THE MACHINING OF CONCRETE GUTTERS IN ASPHALT
ROADWAYS (Example Construction of state road IB row no. 27 Loznica-Valjevo-
Lazarevac, section Iverak-Lajkovac)

Abstract: During the construction of a section of highway, work on the runoff of
atmospheric water from the road is usually carried out before the construction of
asphalt layers. Curbs, gullies and manholes are most often used for road drainage.
Mounted along the curb, raised or lowered gutters, the application of these drainage
elements has proven to be ineffective. That is why gutters or curbs with manholes
are increasingly being used as road drainage elements, which are placed outside
the road in trapezoidal concrete extensions called “niches”. The production of these
elements for drainage of water from the road is carried out immediately before the
production of asphalt layers, due to the speed of work, the production of concrete
elements by machine is increasingly used.

Keywords: Drainage, road, manhole, gully, gutter, problems
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ANALIZA MOGUCNOSTI POTPUNE ZAMENE BITUMENA U ASFALTNIM
MESAVINAMA BIO-BITUMENOM SA ASPEKTA MASTIKSA

Stefan Trifunovi¢, Braunschweig Pavement Engineering Center (ISBS), Technische
Universitat Braunschweig, Germany, Johannes Bilichner, Braunschweig Pavement
Engineering Center (ISBS), Technische Universitat Braunschweig, Germany, Michael
P. Wistuba, Braunschweig Pavement Engineering Center (ISBS), Technische
Universitat Braunschweig, Germany

Rezime: Sektor izgradnje puteva trenutno u potpunosti zavisi od eksploatacije fosilnih
goriva, odnosno proizvodnje bitumena. U Evropi se godi$nje potrosi 10 miliona tona
bitumena za izgradnju i odrzavanje fleksibilnih kolovoznih konstrukcija. Proizvodnja
bitumena zahteva ogromne koliCine energije i vode. Za proizvodnju jedne tone
bitumena potrebno je oko 1.000 litara vode i 15.000 kilovat-Casova elektriCne energije,
Sto je ekvivalentno prose€noj godisnjoj potrodnji elektricne energije domacinstva u
EU. Stavie, sektor izgradnje puteva odgovoran je za veéinu obimnih tokova otpada
u EU. U 2020. godini, koli¢ina raspolozivog struganog asfalta narasla je na 85 miliona
tona. Ovo istrazivanje obuhvata ispitivanje mastiksa asfaltnih meSavina sa dodatkom
50%, 75% i 100% struganog asfalta spravljenih sa standardnim PmB bitumenom
i bio-bitumenom. Analiza mogucnosti potpune zamene bitumena izvrSena je na
osnovu ispitivanja perfomansi mastiksa pri niskim i visokim temperaturama, kao i
otpornosti na zamor.

Klju€ne reci: bio-bitumen, mastiks, Dynamic Shear Rheometer (DSR)

ANALYSIS OF THE FEASIBILITY OF COMPLETE REPLACEMENT OF FOSSIL-
BASED BITUMEN IN ASPHALT MIXTURES WITH BIO-BITUMEN FROM THE
ASPECT OF MASTIC

Abstract: The road construction field is currently completely dependent on the
exploitation of fossil fuels, i.e. the production of bitumen. In Europe, 10 million
tons of bitumen are used annually for the construction and maintenance of flexible
pavements. Bitumen production requires huge amounts of energy and water. The
production of one ton of bitumen requires about 1,000 liters of water and 15,000
kilowatt-hours of electricity, which is equivalent to the average annual electricity
consumption of a household in the EU. Furthermore, the road construction sector
is responsible for most of the volume waste flows in the EU. In 2020, the available
amount of reclaimed asphalt pavements has grown to 85 million tons. This research
includes the testing of mastic of asphalt mixtures with high content of RAP, 50%,
75% and 100%, made with standard PmB bitumen and bio-bitumen. The analysis
of the feasibility of complete replacement of fossil based bitumen was carried out
based on testing mastic performance at low and high temperatures, as well as fatigue
resistance.

Keywords: bio-bitumen, mastic, Dynamic Shear Rheometer (DSR)
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B UTILIZATION OF B-WIM DATA COLLECTED AT STOPANSKI DVOR

Bajko Kulauzovi¢, Cestel d.o.o., Trzin, Slovenia, Zoran Slamkov, PESR, Skopje,
R. of N. Macedonia, Nexhat Bajrami, PESR, Skopje, R. of N. Macedonia

Abstract: The key aim of the project led by The Public Enterprise for State Roads
(PESR), overseeing the national road network in North Macedonia, was to conduct
a comprehensive analysis of traffic, assess bridges, and demonstrate the system’s
capabilities. Furthermore, the project involved comparing current data with past
measurements at the same locations. This comparison was part of a previous PESR
initiative, focusing on determining Equivalent Single Axle Load (ESAL) information
for the most heavily trafficked road sections in Macedonia. The goal was to aid in
planning and programming maintenance treatments using the RAMS approach,
ultimately establishing an average equivalency factor for each vehicle type. This
paper seeks to highlight the diverse and significant applications of Weigh-in-Motion
(WIM) data in informing crucial decisions for future road network maintenance and
design, with a specific emphasis on realistic traffic loading factors.

Keywords: B-WIM, ESAL, RAMS, road network, loading factors
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ZNACAJ GEOPROSTORNIH BAZA PODATAKA U UPRAVLJANJU PUTNOM
IMOVINOM

Zoran PesSovié¢, Javno preduzece “Putevi Srbije”, Marija Dotto, Javno preduzece
“Putevi Srbije”, Ana Vuéicevi¢, Javno preduzece "Putevi Srbije”

Rezime: Kako bi se na optimalan i efikasan nacin planirala sredstva, pratile
performanse puta i upravljalo putnom infrastrukturom neophodno je uspostavljanje
adekvatnog sistema za prikupljanje, upravljanje i analizu podataka o putu i saobracaju.
Osnova za uspostavljanje sistema za upravljanje putnom imovinom (RAMS) su
azurne baze podataka o putnoj mrezi i saobracajno-tehnic¢kim podacima o putu.
Baza podataka kao osnova sistema za upravljanje puthom imovinom treba da sadrzi
prostornu prezentaciju podataka o putnoj mrezi sa podacima o geometriji svakog
putnog segmenta, putnom inventaru, funkcionalnim i strukturnim karakteristikama
kolovoznih konstrukcija, podatke o saobracaju, kao i podatke o ulaganjima u puteve.
Baza podataka sa azuriranim podacima je klju¢an alat za procenu vrednosti puteva
i donosSenje strateskih odluka u vezi sa putnom infrasturkturom. JP "Putevi Srbije”
poseduje veliki broj specijalizovanih baza podataka koje redovno azurira i koje
predstavljaju osnovu za integraciju i uspostavljanje RAMS-a na nivou preduzeca.

Kljuéne rec¢i: RAMS, baze podataka, GIS, mreza puteva

THE IMPORTANCE OF GEOSPATIAL DATABASES IN ROAD ASSETS
MANAGEMENT

Abstract: In order to optimally and efficiently plan resources, monitor road performance
and manage road infrastructure, it is necessary to establish an adequate system
for collecting, managing and analyzing data on pavement structures and traffic. The
basis for the establishment of a road asset management system (RAMS) are up-
to-date databases on the road network and traffic-technical data on the road. The
database as the basis of the road asset management system should contain a spatial
presentation of road network data with data on the geometry of each road segment,
road inventory, functional and structural characteristics of pavement structures,
traffic data, as well as data on road investments. A database with up-to-date roads
is a key tool for evaluating road values and making strategic decisions about road
infrastructure. PE Roads of Serbia has a large number of specialized databases that it
regularly updates and which represent the basis for the integration and establishment
of RAMS at the company level.

Keywords: RAMS, data bases, GIS, road network
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B USEOFREACTIVE MODIFIER FORBITUMENAND IMPROVEMENT OF ASPHALT
MIXTURE PERFORMANCE

Goran Mladenovié, University of Belgrade, Faculty of Civil Engineering, Olivier
Fleischel, BASF Polyurethanes GmbH, Lemfoerde, Germany, Aleksandar
Burekovié, University of Belgrade, Faculty of Civil Engineering, Felix Brueggemann,
BASF Polyurethanes GmbH, Lemfoerde, Germany

Abstract: Asphalt pavements are nowadays exposed to ever increasing axle
loading and changing climate conditions that are primarily manifested in increasing
temperatures. The need for improved performance has resulted in the increased use
of modified bitumen and development and use of innovative materials that improve
performance, particularly on high temperatures. In this study, a novel liquid, low-
viscous reactive additive has been used for bitumen modification. The performance of
typical asphalt mixture used for base layers on heavily trafficked roads and highways
in Serbia with road bitumen B50/70 modified with 3% of an isocyanate-based additive
has been compared to the performance of same mixture with PmB 45/80-65. The
testing included water sensitivity, resistance to permanent deformation, stiffness and
fatigue. The results obtained so far show at least comparable or slightly improved
resistance to water and rutting of mixture with additive compared to mixture with
PmB. The master curves indicate increased stiffness over the range of operational
frequencies/temperatures, while at low temperatures the stiffness is comparable to
mixture with PmB.

Keywords: Isocyanates, reactive modification, polymer modified bitumen (PmB),
rutting, stiffness, fatigue
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DEVELOPMENT OF A DECISION SUPPORT SYSTEM FRAMEWORK FOR
CONSTRUCTION AND MAINTENANCE OF SUSTAINABLE ASPHALT
PAVEMENTS

Rosa Veropalumbo, Department of Civil, Construction and Environmental
Engineering, University Federico Il of Naples, Italy, Cristina Oreto, Department of
Civil, Construction and Environmental Engineering, University Federico Il of Naples,
Italy, Francesca Russo, Department of Civil, Construction and Environmental
Engineering, University Federico Il of Naples, ltaly

Abstract: Cold asphalt pavement (CAP) is a sustainable road pavement maintenance
technology for the operation and complete reuse of reclaimed asphalt pavement.
Anyway, its application combined with other alternative secondary materials as the
construction and demolition waste (CDW) to maximize circularity is still not applicated
due to poor knowledge of their multiple sustainability aspects, and how to integrate
them into rational decision support systems for road maintenance operations
when other mixtures made up of different type of alternative materials are used for
binder layer. This study aims to systematically analyse 125 different intervention
solutions with CAP combined with CDW for a base layer for the maintenance of a
road superstructure in Southern ltaly after the analysis of the pavement condition
index (PCI) for the recognition of damages, and to identify the optimal one in order
to reduce the environmental impact, the costs and increase the service life of the
road superstructure. Life cycle analysis was performed to measure the ecotoxicity,
damage for human life and resource consumption that, along with the mechanical
performance of the pavement and the operational costs were used as decision
criteria for the definition of the best solution through a multicriteria analysis.

Keywords: Asphalt mixture, performance, pavement conditions index, maintenance,
sustainability
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B EMBEDDED SENSORS FOR PAVEMENT MONITORING: TECHNOLOGY REVIEW
AND CHALLENGES

Nemanja Neskovi¢, Stellenbosch University, Department of Civil Engineering,
Professor Kim J Jenkins, Stellenbosch University, Department of Civil Engineering

Abstract: Over the years, various types of embedded sensing technologies have
been used for monitoring engineering structures; however, the implementation
in road infrastructure remains limited. The main setbacks of sensors gaining
traction could be the prices of equipment, installation especially in live roads, and
conditions the embedded network needs to sustain under traffic and environment.
The temperature and pressure conditions during the construction of asphalt layers
are a major consideration. In recent years there has been an increasing number
of studies investigating possibilities of various embedding sensing technologies for
pavement management. Conventional strain gauges, fibre optic sensors, as well
as sensors based on piezoresistive, and piezoelectric effects are some of the most
examined in research and pavement management systems. This paper intends to
present a summary of technologies tested worldwide and notify the main challenges
for wider implementation in pavement monitoring considering pavement specifics in
comparison to other engineering structures.

Keywords: pavements, structural-health monitoring (SHM), strain gauges,
thermocouples, fibre optic sensors, piezoelectric sensors, piezoresistive sensors
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UTICAJ PETROGRAFSKOG SASTAVA SLJUNKA NA OTPORNOST NA
DROBLJENJE | POSLEDIENO NA SPRAVLJANJE BETONAI1ZRADU ASFALTNIH
MESAVINA

Olivera Doki¢, Institut za puteve ad, Beograd, Marko Nikoli¢, Institut za puteve ad,
Beograd, Bojana Doki¢, Elektrotehnicki fakultet, Univerzitet u Beogradu, Miodrag
Dancetovi¢, Institut za puteve ad, Beograd

Rezime: Prirodno nevezani agregati se u Srbiji tradicionalno koriste za spravljanje
betona (B). Ukoliko se pojedine frakcije ovih agregata predrobe, potencijalno se mogu
koristiti za izradu asfaltnih meSavina (AM). Uticaj petrografskog sastava agregata na
ostale performanse bitnih karakteristika agregata je takav da direktno utiCe da li ¢e
se ovaj potencijal ostvariti. U radu su ispitani petrografski sastavi prirodno nevezanih
agregata poreklom iz reke Drine, Kolubare i Morave (Velike, Juzne, Zapadne). Prikazani
su i sastavi drobljenih prirodnih agregata iz reke Drine i Velike Morave. Ovim analizama
pridodata su odredena tehniCka svojstva. Zaklju¢eno je da agregati iz Drine i Kolubare
imaju viSe kre€njaka, dijabaza i peridotita, a manje kvarcita i Skriljaca u odnosu na
agregate iz Juzne Morave, pa su im otpornosti na drobljenje (LA) bolje. Velika Morava
ima najvise kvarcita i gnajseva dobrih karakteristika drobljivosti. Zbog toga se agregati iz
Drine i Kolubare i potencijalno Velike Morave mogu koristiti, osim za spravljanje betona
i za izradu asfaltnih meSavina, za razliku od agregata iz Juzne i Zapadne Morave koji,
iako se predrobe, ostaju u domenu upotrebe za spravljanje betona.

Kljuéne reci: recni agregati, LA, tehnicka svojstva, B, AM

THE INFLUENCE OF THE PETROGRAPHIC COMPOSITION OF GRAVEL ON
RESISTANCE TO FRAGMENTATION AND CONSEQUENTLY ON THE MAKING
OF CONCRETE AND THE PRODUCTION OF ASPHALT MIXTURES

Abstract: Naturally unbound aggregates are traditionally used in Serbia to make
concrete (B). If specific fractions of these aggregates are crushed, they can potentially
be used to produce asphalt mixtures (AM). The impact of the petrographic composition
of the aggregate on other performances of the essential characteristics of the
aggregate is such that it directly affects whether this potential will be realised. The
paper examines the petrographic compositions of naturally unbound aggregates from
the Drina, Kolubara, and Morava rivers (Velika, Juzna, Zapadna). Compositions of
crushed natural aggregates from the Drina and Velika Morava rivers are also presented.
Specific technical features have been added to these analyses. It was concluded that
the aggregates from Drina and Kolubara have more limestone, diabase, and peridotite
and less quartzite and schist than those from Juzna Morava river, so their resistance
to crushing (LA) is better. Velika Morava has the most quartzites and gneisses and is
well resistant to fragmentation. That is why aggregates from Drina and Kolubara and
potentially from Velika Morava can be used, except for making concrete and for making
asphalt mixtures, unlike aggregates from Juzna and Zapadna Morava, which, although
they are processed, remain in the domain of use for making concrete.

Keywords: river aggregates, LA, technical properties, B, AM
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B SPECIFICNOSTI IZVODENJA ASFALTNIH RADOVA NA REKONSTRUKCWI
POLETNO-SLETNE STAZE AERODROMA ,,NIKOLA TESLA*“ - BEOGRAD

Branislav Krsmanovi¢, NEO AERODROMES ENGINEERING Beograd, Sasa
Bodiroga, NEO AERODROMES ENGINEERING Beograd, Nikola Ivovi¢, NEO
AERODROMES ENGINEERING Beograd

Rezime: Rekonstrukcija Poletno-slete staze (PSS) na aerodromu koji je u punom
operativom stanju, kao sto je to slu¢aj na Aerodromu ,NIKOLA TESLA Beograd®,
predstavlja ozbiljan izvodacki zadatak. Izvodenje asfaltnih radova predstavlja krunu
svih radova. Dobar asfaltni zastor predstavlja lice PSS i utiCe na organizaciju i
bezbednost vazdusnih operacija. Medutim, uskladivanje zahteva iz projekta sa
moguénostima lzvodaca asfaltnih radova je slozen organizacioni i tehnicki proces,
koiji je uspesno proveden na rekonstrukciji Glavne PSS.

Kljuéne reci: Kolovozna konstrukcija (KK), Asfaltni zastor, Fleksibilna i kruta KK,
Asfaltni slojevi, Poletno sletna staza (PSS)

AIRPORT SPECIFITY OF ASPHALT WORKS IN RECONSTRUCTION OF
BELGRADE RUNWAY

Abstract: Reconstruction of Main Runway of airport which is in full operation stage,
as it was on Airport ,Nikola Tesla Beograd® is serious contractor task. Performing of
asphalt works represents the crown of all works. Good quality of asphalt pavement
reprsents the face of runway and have influence to organization and security of flying
operations. But, matching of demands from Design with the contractors possibilites is
complexed organization and technical problem and process, which was successfully
conducted within the reconstruction of Main Runway.

Keywords: pavement construction (kk), asphalt pavement, flexible and rigid
pavement, asphalt layers
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M3A30BM NPEN YNPABJbAYEM ONWTUHCKUX MYTEBA U YITULIA

JeneHa Kptenuh, JI,lMyTteBu beorpaga“, Anekcangap Munentunjesuh, JI1,lNytesn
Beorpaga“, Lladep Llachepberosun, JI1 ,[yteBu beorpaga“, Ban6ona Camapumja,
JI ,MyteBun beorpaga“

Peaume: Y cknagy ca nponvcuma jaBHU NMyTEBM Ce Aerne Ha gpXaBHe nyTeBe u
OMLUTMHCKE NyTEBE U ynuue, 3a Koje Cy HaAmnexXHU opraHu 3a nocrnoee caobpahaja
MWHUCTapCTBO, OAHOCHO jeOuHWLE JoKanHe camoyrnpaBe, OOHOCHO YyrpaBibayu
OpXXaBHMX MyTeBa W yrnpaBibayun OMNWTUHCKUX MyTeBa 1 ynvua. Yaumajyhu y 063up
YnkeHnly ga oko 50% yKymHe Mpexe jaBHWX MyTeBa YMHE OMLUTUHCKA MYyTEBU U
ynvue, ognyke jedvMHuLe fiokaHe camoynpaBe W ynpasrbada OMWTUMHCKUX MyTeBa U
ynuua cy 3HadajHe, a KOHa4YHO M Kpo3 aonpuHoc 6e3beagHocTn caobpahaja.

Tema oBor paga he 6utn npukas cneymM@PUYHOCTM Y pagy ynpaBrbada ONTUHCKMX
nyteBanynuua, npeceeran3pasnoralutojenoHyganocTtojehenyTHe MHopacTpyKkType,
OOHOCHO Mpexa caobpahajHuua y ypbaHuMm HacerbMma HacrneheHa, y ogpeheHom
NPOLEeHTY HEOBOSbHE NPOMyCcHe MOhK, HENMaHcka 1 PYHKLMOHANHO HepaLMoHanHa,
Te cy cTora Behr n3asoBu y peKOHCTPYKLMjK, pexabunurtaumjy, ogpxxaBamy, 3aliTUTH
1 MOAEepHMU3aLmju rmaBHNX note3a y Behum ypbaHnm Hacerbmma.

Y rpagy beorpagy ce onwTuHe, y3umajyhm huxoBe reorpadpcke nonoxaje y
NpOCTOPY M BENWYUHY, MpEexXy MnyTeBa U3 HaAeXXHOCTU, HaBMKE CTAHOBHULLTBA,
HUXOBE cagpXkaje, BpcTe caobpahaja n caobpahajHux cpencraea, 6poj n nonoxaj
OpXXaBUHKX NyTeBa KOju KpO3 hux nponase, HegoBorbaH 6poj NapkuHr mecTa, 30He
LLKOIa, jaBHM NPEB03, NPOLEHTyanHo Behe yyelwwhe newaka u buuyuknucTa u gap., kao
N ofgfyke Koje AoHOCce, Yy BEMMKO] MEPU Ce PasfivKyjy O4 OMLWTMHE A0 OMNLWTUHE.
Takohe, y pagy he OuTK gaT ocBpT Ha nponuce, npobneme y NnpuMeHu, Kao 1 npegiore
3a yHanpehewe NUCTUX.

KrbyyHe peum: ynpaBrbay OMWTUHCKMX MyTeBa M ynuua, nyT, caobpahajHa
curHanuaauuja

CHALLENGES BEFORE THE PUBLIC ENTERPRISE OF MUNICIPAL ROADS
AND STREETS

Abstract: In accordance with the regulations, public roads are divided into state
roads and municipal roads and streets, for which the competent authorities for traffic
affairs are the ministry, i.e. local self-government units, i.e. state road managers and
municipal road and street managers. Considering the fact, that about 50% of the total
network of public roads are municipal roads and streets, the decisions of the local
self-government unit and the manager of municipal roads and streets are significant,
and finally as a contribution to traffic safety.

The topic of this work will be a presentation of the specifics and challenges in the
management, construction and maintenance of municipal roads and streets before the
management of municipal roads and streets. The offer of existing road infrastructure,
i.e. the road network in urban settlements is inherited, which in a certain percentage
has insufficient capacity, unplanned and functionally irrational, and therefore there
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are greater challenges in the reconstruction, rehabilitation, maintenance, protection
and modernization of the main roads in urban settlements.

In the city of Belgrade, municipalities, taking into account their geographic position in
space and size and tipe the network of roads within their jurisdiction, the habits of the
population, the contents that make it up, the types of traffic and means of transport,
the number and position of state roads that pass through them, insufficient number
of parking spaces, school zones, public transport, the percentage of pedestrians and
cyclist, etc., as well as the decisions they make, different greatly from municipality to
municipality and affect traffic safety.

Also, the paper will review the regulations, problems in implementation, as well as
proposals for their improvement.

Keywords: management of municipal roads and streets, road, traffic signals
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MOGUCNOSTI PRIMENE INSAR TEHNOLOGIJE ZA DALJINSKU DETEKCIJU
DEFORMACIJE GEOMETRIJE PUTA

Nikola Milovanovié, Gradevinski fakultet Univerzitet u Beogradu, Dejan Gavran,
Gradevinski fakultet Univerzitet u Beogradu, Goran Mladenovi¢, Gradevinski
fakultet Univerzitet u Beogradu, Sanja Fric, Gradevinski fakultet Univerzitet u
Beogradu, Vladan lli¢, Gradevinski fakultet Univerzitet u Beogradu, Filip Trpcevski,
Gradevinski fakultet Univerzitet u Beogradu, Stefan Vranjevac, Gradevinski fakultet
Univerzitet u Beogradu, Milos Luki¢, Gradevinski fakultet Univerzitet u Beogradu

Rezime: Primena satelitskih snimaka za daljinsku detekciju pomeranja zemljine kore
prisutna je u nau¢noj literaturi vec vise od dve decenije. Analiza je pokazala da takode
postoji moguénost primene INSAR tehnologije, odnosno interferometrijskog radara
sa sintetickom blendom za ranu detekciju geodinamickih procesa. Porastom broja
javnih i komercijalnih satelita u Zemljinoj orbiti, dostupnost i u€estalost prikupljanja
potrebnih podataka znacajno su porasli poslednjih godina. Sada je moguce prikupiti
podatke u vremenskim rasponima od svega nekoliko dana za svaku tacku na
povrsini zemljine kore. Praéenje pomeranja infrastrukturnih objekata tradicionalnim
geodetskim metodama je izuzetno skup i neefikasan proces. Sa druge strane,
potreba za detekcijom i eventualnom predikcijom i prevencijom geoloSkih procesa
u pojasu putne ili zelezniCke infrastrukture nije upitna. Nau¢na saznanja u oblasti
INSAR tehnologije dostigla su zrelost koja opravdava njenu potencijalnu primenu
u infrastrukturi. U okviru ovog rada napravljen je pregled uspesnih primena ove
savremene tehnologije u saobracajnoj infrastrukturi, kao i pregled razli¢itih metoda
prostorne i vremenske obrade interferometrijskih podataka. Konacno, izvrSena je
analiza pomeranja karakteristi¢nih deonica drzavnih puteva u Srbiji.

Kljuéne reci: INSAR, deformacija, daljinska detekcija, interferometrija

APPLICATION OF INSAR FOR REMOTE DETECTION OF ROAD GEOMETRY
DEFORMATION

Abstract: The application of satellite images for remote detection of earth’s surface
movement has been present in the scientific literature for more than two decades.
The analysis showed that there is also the possibility of applying INSAR technology
for early detection of geodynamic processes. With the increase in the number of
public and commercial satellites in Earth’s orbit, the availability and frequency of
collecting the necessary data has increased significantly in recent years. It is now
possible to collect data in time spans of just a few days for every point on the surface
of the earth. Monitoring the movement of infrastructure objects using traditional
geodetic methods is an extremely expensive and inefficient process. On the other
hand, the need for detection and eventual prediction and prevention of geological
processes in the road or railway infrastructure is not in doubt. Scientific knowledge
in the field of INSAR technology has reached a maturity that justifies its potential
application in infrastructure. Within this paper, an overview of successful applications
of this modern technology in traffic infrastructure was made, as well as an overview of
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different methods of spatial and temporal processing of interferometric data. Finally,
an analysis of the displacement of characteristic sections of state roads in Serbia was
carried out.

Keywords: INSAR, deformation, remote sensing, interferometry
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USE OF BRIDGE WEIGH-IN-MOTION DATA: A CASE STUDY OF THE REPUBLIC
OF SERBIA

Martin Hauptman, Cestel, Slovenia, Milo$ Milosavljevi¢, PE Roads of Serbia

Abstract: In 2020, bridge weigh-in-motion technology was successfully implemented
in the Republic of Serbia as part of the project led by the Public Enterprise Roads of
Serbia and the World Bank, where short-term weigh-in-motion measurements were
conducted across the Serbian road network. An overview of the project and the data
gathered will be presented in the article, as well as possible future uses of bridge
WIM systems as part of the larger strategy of infrastructure management. These
uses include bridge analysis, monitoring of exceptional transports, use of WIM data
in road design and the use of WIM system in preselection. Slovenia will be used as
a point of reference where the bridge WIM system has been used for more than 20
years.

Keywords: infrastructure management, weigh-in-motion, bridges
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B EBANYAUUJA NOAOYXHE PABHOCTWU KOJIOBO3A TMPUMEHOM OBJIAKA
TAYAKA AOBMJEHUX MOBUITHUM NNUOAP CUCTEMOM

Munow Bepowa, [paheBuHckn akynTet, YHuBep3uteT y beorpagy, Hukona
MunoBaHoBuh, [paheBuHckn dakynTeT, YHusepauteT y beorpagy, MwuneHa
MwunojeBuh, leonyt [0.0.0., cexktop leomenta, beorpaa, NopaH MnageHoBuh,
paheBuHckn cbakynTeT, YHnBep3uTeT y beorpagy

Pe3unme: Ycnen uHtesmBmpaHe rpagme nyTHNX objekarta kao u pactyher caobpahajHor
onTepehena Ha NyTHUM MpaBUUMa y ekcnnoaraumju gonasm go cee Behe norpebe
3a MOAEPHM30BaHNUM MeToAaMa Mepera PaBHOCTM KONOBO3a 3a noTpebe cucrema
3a ynpaerbawe oapxkaBakem nyteBa — PMS (Pavement Management System),
onakwiaHor yemga y CTake noctojehmx caobpahajHyua kao M 3a MOHUTOPUHT
paBHOCTM TOKOM M3Bohera pagoBa. Kao jegaH of HajaHavajHUjMX nokasaTtesrba CTakwba
KONOBO3HE KOHCTpyKUuMje Hamehe ce mHAeKC nogyxHe paBHocTW konoBo3a — IRI,
CBETCKM Npu3HaT CTaHAapA Koju je yBena cBeTcka 0aHka 1986. CHuMane nogyxHe
pPaBHOCTW Ha HUBOY MyTHE MPEXE 3axTeBa CKyny OnNpemMy NMMUTUPaHMX MoryhHOCTH,
[OOK NOKanm3oBaHO, OQHOCHO PyYHO CHMMaHE 3axTeBa M3y3eTHe Harnope y nornegy
BpPEMEHa 1 pagHe cHare u npobrnemMaTuyHo je ca acnekta 6e3begHocTn. MobunHo
nnpap ckeHumpawe — MLS je mogepHa, BpeMeHCKkM edmkacHa TexHosnoruja koja
omoryhaBa MacoBHO MpuVKyNnSbake NPOCTOPHMX NodaTtaka U3y3eTHe NpeunsHocTu. Y
MOLEPHO] UHXEHEPCKO] NpaKcK, cBe vewhe cy NpucyTHM obnaun Tavaka gobujeHn
OarbMHCKOM OeTekuunjoM, boTorpameTpujoMm unm MOOUMHUM NMAaap CKEHVpaHEeM.
OBakBn obnauy Tayaka Mory ce KOpPUCTUTU y pasnuuuTte cBpxe, MefyTm HuxoBa
npuMeHa y esarnyauuju cTawa KOrioBO3a je U Jarbe HedOBOSbHO UCTpaeHa. Y
OKBUPY OBOr paja Aart je nperneq npumeHa HaBegeHe TeXHONormje u u3BpLueHa je
aHanusa nogyxHe paBHOCTU KapakTePUCTMYHE AeoHuue rpagcke caobpahajHuue y
beorpagy.

Krby4yHe peun: PMS, IRI, MLS, konoBo3, obnak Tayaka

EVALUATION OF ROAD ROUGHNESS USING POINT CLOUDS OBTAINED BY
MOBILE LIDAR SYSTEM

Abstract: Due to the intensified construction of road facilities as well as the growing
traffic load on road routes in use, there is a growing need for modernized methods
of measuring road conditions for the needs of Pavement management system —
PMS, easier insight into the condition of existing roads as well as for monitoring of
roughness during the execution of works. As one of the most significant indicators
of the condition of the roadway structure, the roadway International Roughness
Index - IR, is a globally recognized standard introduced by the World Bank in 1986.
Longitudinal flatness recording at the level of the road network requires expensive
equipment with limited capabilities, while localized, i.e. manual recording requires
exceptional efforts in in terms of time and manpower and it is problematic from the
aspect of safety. Mobile LIDAR scanning - MLS is a modern, time-efficient technology
that enables mass collection of spatial data with exceptional accuracy. In modern
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engineering practice, point clouds obtained by remote sensing, photogrammetry or
mobile LIDAR scanning are increasingly present. Such point clouds can be used for
various purposes, however their application in pavement condition evaluation is still
insufficiently researched. As part of this paper, an overview of the application of the
mentioned technology was given and an analysis of the longitudinal roughness of a
characteristic section of the city road in Belgrade was performed.

Keywords: PMS, IRI, MLS, pavement, point cloud
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B PRIMENA ASFALTNE MESAVINE AC DUOPAVE 16 ZA IZRADU KOLOVOZNIH
ZASTORA

Uros Tati¢, Institut za puteve AD, Beograd, Jovan Mladenovi¢, Institut za puteve
AD, Beograd

Rezime: Veliki deo putne mreZe svake zemlje Cine saobracajnice sa srednjim
saobracajnim opterecenjem za Cije odrZzavanje su potrebna znaCajna ulaganja.
Ovo je podstaklo razvoj novih asfaltnih meSavina, poboljSanih performansi u
pogledu trajnosti, odrzivosti i ekonomicnosti. Celulozna vlakna se koriste za
poboljSanje svojstava asfaltnih kolovoznih zastora u Srbiji viSe od dvadeset godina,
prvenstveno u mesavinama tipa skeletni mastiks asfalt (SMA) na saobracajnicama
sa teSkim saobracajnim optere¢enjem. U radu su prikazana laboratorijska ispitivanja
mogucénosti primene asfaltne meSavine AC DUOPAVE 16 sa dodatkom celuloznih
vlakana za izradu jednoslojne asfaltne kolovozne konstrukcije koja ima ulogu nosecéeg
i habajuceg sloja na saobracajnicama sa srednjim saobracajnim optere¢enjem.
Ispitane su fizicko-mehanicke i dinamicke karakteristike asfaltne meSavine spravljene
od drobljenog kamenog agregata eruptivnog porekla, bitumena B 50/70, uz dodatak
celuloznih vlakana VIATOP premium. Prikazana laboratorijska ispitivanja su osnova
za izradu probne deonice, kao i ispitivanje performansi i moguénosti primene ove
vrste asfaltnog zastora u nasoj zemlji.

Kljuéne reci: asfaltne meSavine, celulozna vlakna, AC DUOPAVE 16, VIATOP
premium, fizicko-mehanicke karakteristike, dinamicke karakteristike

APPLICATION OF ASPHALT MIXTURE AC DUOPAVE 16 FOR THE
CONSTRUCTION OF ROAD PAVEMENTS

Abstract: A significant portion of the road network in every country consists of roads
with medium traffic loads, requiring significant investment for maintenance. This has
prompted the development of new asphalt mixtures with improved performance in
terms of durability, sustainability, and cost-effectiveness. Cellulose fibers have been
used to enhance the properties of asphalt pavements in Serbia for more than twenty
years, primarily in mixtures such as Stone Mastic Asphalt (SMA) on roads with heavy
traffic loads. This paper presents laboratory testing on the feasibility of using the AC
DUOPAVE 16 asphalt mixture with added cellulose fibers to create a single-layer
asphalt pavement structure serving as both the base and wearing course on roads
with medium traffic loads. The physical-mechanical and dynamic characteristics of the
asphalt mixture, made from crushed stone aggregate of volcanic origin and bitumen
B 50/70 with the addition of VIATOP premium cellulose fibers, were examined. The
laboratory tests presented serve as the basis for constructing a test section and
assessing the performance and feasibility of applying this type of asphalt pavement
in our country.

Keywords: Asphalt mixtures, cellulose fibers, AC DUOPAVE 16, VIATOP premium,
physical-mechanical characteristics, dynamic characteristics
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MOTORWAY SPEED LIMITS AS A FUNCTION OF CLIMATE CHANGE
Franci Soba, DRI upravljanje investicij, d.0.0., Slovenia

Abstract: This paper presents an analytical model of the impact of vehicle speed
on time and energy consumption and consequently on GHG emissions. Using a
practical example of a single vehicle at different motorway speeds, the model is used
to analyse the impact of speed on time and energy consumption and the impact
of the vehicle on the environment in terms of climate change. The model inputs
are the technical elements of the road, a passenger vehicle with different types of
propulsion (petrol, electric), different speed limits on the motorway (from 100 to 150
km/h) and values for time, fuel, and CO2. The results of the model are compared with
the calculations for the motorway network with actual traffic data using the Opcost
software tool, which allows detailed calculation of direct and external user costs for
road infrastructure projects. All the results of the user cost calculations are shown for
the whole year and in detail by cost type and unit per vehicle and per kilometre for all
the scenarios considered.

Keywords: motorway, climate change, speed limits, Opcost software tool, user costs
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H SISTEM UPRAVLJANJA INFRASTRUKTUROM AUTOPUTEVA U SLOVENIJI
Mitja Jurgele, DRI upravljanje investicij, d.o.o., Slovenija

Rezime: U ¢lanku je predstavljen sistem upravljanja infrastrukturom autoputeva u
Sloveniji. Taj sistem koristimo za organizaciju i izvodenje investicionog odrzavanja
autoputeva. Sistem se sastoji od aktivnosti prikupljanja i skladiStenja podataka, kao
i od aktivnosti donoSenja odluka. Primenjuje se na utvrdivanje stanja i trendova
promene infrastrukture, kao i za planiranje izvodenja radova na obnovi na nivou
celokupne mreze autoputeva.

Jedan od glavnih rezultata rada sistema je kontinuirani plan mera za obnovu, koji
se azurira na godisnjem nivou i koji je osnov za planiranje mera na infrastrukturnim
elementima i opremi. Plan predstavlja osnov za dodeljivanje potrebnih kratkoro¢nih i
srednjoroc¢nih finansijskih sredstava.

Radi lak$eg rada, infrastrukturu autoputeva delimo na pojedinacne sklopove. U prvoj
fazi pripreme plana potrebe infrastrukture odredujemo zasebno prema pojedinacnim
sklopovima. Ti sklopovi su kolovozi, mostovi, tuneli, geotehnicki objekti, odvodnjavanje
i ostala oprema, elektromaSinska oprema u tunelima, saobraCajna oprema i
odmorista. U drugoj fazi na osnovu evidentiranih potreba pojedinacnih sklopova
infrastrukture vr§imo meduresorno uskladivanje. Pomoéu njega uskladujemo vreme
izvodenja radova na obnovi odredenih delova infrastrukture na istim lokacijama. Time
izbegavamo zatvaranja saobracaja na istim deonicama autoputa tokom uzastopnih
godina.

U sklopu razvoja sistema razvili smo i alate za skladiStenje i prikaz podataka,
metodologije za pracenje stanja, ekspertske sisteme za upravljanje kolovozom (PMS-
DARS), mostovima (BMS-DARS) i elektromaSinskom opremom (ESO-MS-DARS) i
formirali ekspertske grupe, koje su dodatna pomo¢ prilikom odlucivanja..

Kljuéne reéi: infrastruktura autoputeva, ekspertski sistemi za upravljanje, kontinurani
plan mera

MANAGEMENT SYSTEM FOR HIGHWAY INFRASTRUCTURE IN SLOVENIA

Abstract: This article presents the system for managing motorway infrastructure in
Slovenia. The system comprises data collection, storage activities, and decision-
making processes. It is used to determine the condition and trends of infrastructure
changes and plan renovation works across the entire motorway network.

One of the main results of the system’s work is a continuous plan of measures for
renewal, which is updated annually and serves as the basis for planning measures
on infrastructure elements and equipment. The plan provides the basis for allocating
the necessary short-term and medium-term financial resources.

Foreasier operation, we divide the motorway infrastructure into individual components.
Inthe first phase of preparing the plan, we determine the infrastructure needs separately
for each individual component. These components include pavements, bridges,
tunnels, geotechnical structures, drainage, electromechanical equipment in tunnels,
traffic equipment, and rest areas. In the second phase, based on the identified needs
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of individual infrastructure components, we carry out interdepartmental coordination.
Through this coordination, we synchronize the timing of renovation works on certain
parts of the infrastructure at the same locations. This helps us avoid traffic closures
on the same sections of the motorway during consecutive years.

As part of system development, we have also developed tools for data storage
and display, methodologies for monitoring conditions, expert systems for managing
pavements (PMS-DARS), bridges (BMS-DARS), and electromechanical equipment
(ESO-MS-DARS), and formed expert groups, which provide additional assistance in
decision-making.

Keywords: motorway infrastructure, expert management systems, continuous plan
of measures for renewal
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ITS and New Technologies in Transport/ITS u Hoge mexHomnozauje y caobpahajy

NMPUMEHA HCM MOLENA YTBPHBUBAHA HABOA YCINYTE HA ,, MOPABCKOM
KOPUOOPY*

AnekcaHgap Llanuh, JI1 NyteBu Cpbuje

Pe3ume: Ha HoBoOTBOpeHO] AeoHmum ,Mopasckor kopugopa“ cektop 1 (HC TlMojate
— HC KowweBu) nHcTanmpaHo je 7 6pojaya caobpahaja Koju KOHTUHyarnHo, y peasiHoM
BPEMEHY, BpLLE NPUKyNIbake nogaraka o NpoToKy Bo3unay oba cmepa. MNpukynrbeHu
nogauu o npoToky npocnehyjy ce ka CuctemMy 3a MOHUTOPUHT HUBOA YCIyre Ha ayTo-
nyTy, rae ce obpahyjy no mehyHapogHo npusHatoj HCM-oBoj Metogonorujy un y
peanHoMm BpemeHy fobuja ce nHpopmMaumja 0 TPEHYTHOj N'YCTUHWN TOKa Ha NojeanHUM
JeoHuLlama, OQHOCHO CTawy caobpahajHor Toka Ha TMM AeOHMLaMa U Kao Takas
Cuctem mMoxXe fa AeTekTyje MHTEeH3MBHUWjM caobpahaj, KonoHy Bo3una, 3aryllewe
uta. Ca ppyre ctpaHe kopuwhewem wusmewnse caobpahajHe curHanmsaumje
N nokpeTawem ogroeapajyhmx caobpahajHnx cueHapuja, Ta MHGoOpmauunja ce
npocnehyje ka kopucHuuyuma nyTa. Takohe, nHpopmaumja o noeehaHoM NHTEH3NTETY
caobpahaja, ogHOCHO KOJMOHM BO3una, Moxe 6utn npocnefeHa u oarosapajyhum
HanmnmaTHMM CTaHuuama Kako Ou ce wuxoBe nocage GraroBpemMeHo nmpunpemure,
anuv n ynpaeu caobpahajHe nonuvuuje, O4HOCHO CEKTOPY 3a BaHpeLHe cutyauuje.

KrbyuHe peum: ITS, HCM, npotok caobpahaja, ryctMHa Toka, KonoHa Bo3una

APPLICATION OF THE HCM MODEL FOR DETERMINING THE LEVEL OF
SERVICE ON THE “MORAVIAN CORRIDOR”

Abstract: On the newly opened section of the “Moravian Corridor” sector 1 (NS
Pojate - NS KoSevi), 7 traffic counters have been installed that continuously,
in real time, collect data on the flow of vehicles in both directions. The collected
flow data is forwarded to the Highway Service Level Monitoring System, where it
is processed according to the internationally recognized HCM methodology, and
real-time information is obtained on the current flow density on certain sections, i.e.
the state of the traffic flow on those sections and as such, the System can detect
more intense traffic, a line of vehicles, congestion, etc. On the other hand, by using
changeabile traffic signals and starting appropriate traffic scenarios, that information
is forwarded to road users. Also, information about the increased intensity of traffic,
that is, the convoy of vehicles, can be forwarded to the corresponding toll stations so
that their crews can be prepared in a timely manner, as well as to the traffic police
administration, that is, the department for emergency situations.

Keywords: ITS, HCM, traffic flow, flow density, vehicle queue
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DEVELOPMENT AND IMPLEMENTATION OF DATA-DRIVEN TOOLS FOR
ENHANCING TRAFFIC SIGNAL MANAGEMENT EFFICIENCY: CASE STUDIES
FROM PENNSYLVANIA AND OHIO - 009-T4-0126

Nemanja Dobrota, Kittelson and Associates, Inc. USA, Burak Cesme, Kittelson and
Associates, Inc. USA

Abstract: Efficient traffic signal management is crucial for smooth traffic flow and
congestion reduction. We present two studies addressing key challenges faced by
transportation agencies. Firstly, we developed a Traffic Signal Systems Solutions
Toolbox, by integrating various data sources to recommend signal control strategies
tailored to corridor conditions and agency constraints. Applied in the Commonwealth
of Pennsylvania, USA, the developed toolbox improved signal system selection
processes. Secondly, we propose a data-driven prioritization method for signal
retiming projects, by considering various factors such as delay, travel time reliability,
traffic volume, and years since the last retiming effort. Applied in the State of Ohio,
USA, our approach effectively identified corridors for retiming, leading to significant
improvements. These studies highlight the importance of data-driven approaches in
traffic signal management, enabling agencies to enhance operational efficiency and
overall traffic flow.

Keywords: traffic signal systems, probe vehicle data, decision-making, delay

RAZVOJ | IMPLEMENTACIJA ALATA ZA POVECANJE EFIKASNOSTI
UPRAVLJANJA SVETLOSNOM SIGNALIZACIJOM: STUDIJE SLUCAJA IZ
PENSILVANIJE | OHAJA

Rezime: Efikasno upravljanje svetlosnom signalizacijom je klju¢no za optimalno
upravljanje saobracajnim tokovima i smanjene vremenskih gubitaka. U ovom radu
su predstavljene dve studije koje se bave klju¢nim izazovima sa kojima se suo€avaju
transportne agencije. Prva studija se odnosi na razvoj aplikacije koja ima za cilj da
preporuci strategije rada svetlosnih signala a u zavisnosti od karakteristika mreze i
ograni¢enjima agencije koja upravlja signalima. Razvijena aplikacija je primenjena
u Komonveltu Pensilvanijia, u Sjedinjenim Ameri¢kim Drzavama (SAD). Pokazano
je da je razvijena aplikacija poboljSala procese odabira signalnog sistema. U drugoj
studiji je predlozen metod za odredivanja prioriteta za noveliranje signalnih planova
koji je zasnovan na vremenskim gubicima, pouzdanosti vremena putovanja, protoku
saobracaja i proteklom vremenu od poslednjeg noveliranja signalnih planova.
Primenjen u drzavi Ohajo, SAD, predlozeni pristup je efikasno identifikovao
koridore za noveliranje signalnih planova, $to je dovelo do zna&ajnih poboljSanja
u samom procesu alokacije resursa unutar agencije. Ove studije naglasavaju
vaznost sistemati¢nog pristupa zasnovanog na podacima u upravljanju svetlosnom
signalizacijom sa ciljem poboljSavanja efikasnosti realizacije saobraéajnog procesa
na transportnim mrezama.

Kljuéne reéi: sistemi svetlosne signalizacije, podaci iz komercijalnih vozila, sistemi
donoSenja odluka, vremenski gubici

72



ITS and New Technologies in Transport/ITS u Hoge mexHomnozauje y caobpahajy

B KONCEPT IZMENJIVE SAOBRACAJNE SIGNALIZACIJE U FUNKCWI
INFORMISANJA KORISNIKA

Stamenka Stankovié, Saobraéajni fakultet, Univerzitet u Beogradu, Nikola Celar,
Saobracajni fakultet, Univerzitet u Beogradu, Jelena Kajali¢, Saobracajni fakultet,
Univerzitet u Beogradu

Rezime: Informisanje korisnika saobracajnog sistema predstavlja jednu od tri glavne
funkcije upravljanja saobracajem putem ITS-a. Ovom funkcijom se u realnom vremenu
pruzaju informacije o stanju i uslovima u saobrac¢ajnom toku, izmenama rezZima
saobracaja i uslovima na putu i okruZenju. Informacije se korisnicima distribuiraju
na dva nacina, sredstvima javnog informisanja i saobra¢ajnom signalizacijom sa
izmenjivim sadrzajem poruka (VMS). VMS sadrzi tekst, saobracajne znakove i
piktograme sa ciliem informisanja i skretanja paznje uCesnika u saobracaju na
trenutne i/ili predstojece dogadaje u saobra¢ajnom toku. U ovom radu je prikazan
jedan od koncepata standardizacije strukture i sadrzaja VMS-a koji u odnosu na
aktuelnu domacu praksu obezbeduje veci stepen moguénosti prilikom informisanja
korisnika.

Kljuéne reci: ITS, informisanje korisnika, VMS

THE CONCEPT OF VARIABLE MESSAGE SIGNS IN THE FUNCTION OF USER
INFORMATION

Abstract: Informing users of the traffic system is one of the three main functions of
traffic management through ITS. This function provides real-time information on the
traffic flow state and conditions, changes in traffic regimes and road and environmental
conditions. Information is distributed to users in two ways, using public information
and variable message signs (VMS). VMS contains text, traffic signs and pictograms
intending to inform and draw the attention of road users to current and/or upcoming
events in the traffic flow. This paper presents one of the concepts of standardization of
the structure and content of the VMS, which provides a greater degree of possibilities
when informing users compared to the current domestic practice.

Keywords: ITS, traffic information, VMS
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STRUKTURA UPRAVLJACKIH MERA U ODNOSU NAHIJERARHIJU ELEMENATA
AUTOPUTA

Nikola Celar, Saobrac¢ajni fakultet, Univerzitet u Beogradu, Stamenka Stankovi¢,
Saobracajni fakultet, Univerzitet u Beogradu, Jelena Kajali¢, Saobracajni fakultet,
Univerzitet u Beogradu

Rezime: Osnovne funkcije upravljanja saobra¢ajem putem ITS-a obuhvataju
informisanje korisnika, upravljanje saobrac¢ajnim tokovima, vodenje tokova i kontrolu
pristupa. Putna mreza najviSeg ranga sastoji se od razli€itih elemenata od kojih
svaki zahteva primenu odgovarajucih upravljackih funkcija i mera a shodno tome i
razli€itu ITS opremu. U tom smislu, upravljatke mere i stepen opreme je potrebno
prilagoditi saobracajnim zahtevima i specificnim karakteristikama razliitih elemenata
mreze. Harmonizacija arhitekture upravljackog sistema pojednostavljuje operativnu
implementaciju upravljackih merai akcija. S druge strane, na ovaj nacin se obezbeduje
da korisnici sistema percipiraju uticaj mera na ujednacen i dosledan nacin, tako sto
se iste upravljacke akcije realizuju u istim ili sli¢énim situacijama. U radu je prikazana
strukturalna veza izmedu upravljackih funkcija, odgovarajuéih mera i neophodnog
nivoa opreme u odnosu na definisane elemente mreze.

Kljuéne reci: ITS, upravljacke mere, elementi autoputa

TRAFFIC CONTROL MEASURES STRUCTURE ACORDING TO THE HIERARCHY
OF HIGHWAY ELEMENTS

Abstract: The basic functions of ITS encompass user information, traffic management,
route guidance, and access control. The highest-level road network consists of various
elements, each requiring the application of appropriate management functions and
measures, consequently necessitating different ITS equipment. Traffic management
measures and the level of equipment need to be tailored to traffic demands and the
specific characteristics of different network elements. Harmonizing the architecture of
the management system simplifies the operational implementation of management
measures and actions. Additionally, this ensures that system users perceive the
impact of measures in a uniform and consistent manner, by implementing the same
management actions in identical or similar situations. The paper illustrates the
structural relationship between management functions, corresponding measures,
and the necessary level of equipment concerning defined network elements.

Keywords: ITS, traffic management measures, highway elements
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B METODOLOGIJA ZA EVALUACIJU UTICAJA AUTONOMNIH VOZILA NA
SAOBRACAJNI SISTEM

Milan Knezevi¢, Univerzitet u Pitsburgu, SAD, Slavica Gavri¢, Univerzitet u
Pitsburgu, SAD, Aleksandar Stevanovi¢, Univerzitet u Pitsburgu, SAD,

Rezime: Razvoj autonomnih vozila (AV) obecava poboljSanje efikasnosti saobracaja,
bezbednosti i uopste kvaliteta Zivota. Medutim, olekuje se da cCe prelazak sa
konvencionalnih vozila i automatizovana vozila biti dugotrajan proces. Od sustinskog
znacaja je proceniti efekte AV na saobracajni sistem tokom ovog tranzicionog perioda.
Ova evaluacija je neophodna kako bi se sprovele preventivhe mere u razvoju AV,
koje mogu pomoci da se ublaze potencijalni buduci problemi. U okviru ove studije,
predlozili smo metodologiju za evaluaciju uticaja AV na saobracajni sistem i Zivotnu
sredinu. Koristili smo set metoda i performansi prilagodenih toj svrsi. Procena uticaja
AV na saobracajni sistem ne samo da Koristi istrazivacima, proizvodacima AV-a i
agencijama za transport, ve¢ takode pomaze i razli€itim nivoima vlasti u donosenju
odluka.

Kljuéne reci: evaluacija uticaja autonomnih vozila, metodologija, simulacija

METHODOLOGY FOR EVALUATION OF THE IMPACT OF HIGLY AUTOMATED
VEHICLES ON TRANSPORATION SYSTEM

Abstract: Highly Autonomous Vehicles (HAV) development holds the promise
of enhancing traffic efficiency, safety, and overall quality of life. Nevertheless, the
transition from conventional traffic flow to and automated traffic flow is expected to be
a long process. It is crucial to assess the effects of HAV on transportation systems
during this transitional period. This evaluation is necessary to implement proactive
measures in the development of HAV, helping to mitigate potential future issues. In
this study, we have developed a methodology for evaluating the impact of HAV on
the transportation system and the environment. We have employed a set of methods
and performance measures tailored for this purpose. Assessing the impact of HAV
on the transportation system not only benefits researchers, HAV manufacturers, and
transportation agencies but also aids government entities in making well-informed
decisions.

Keywords: highly automated vehicles, methodology, simulation
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REGULATORNIIZAZOVIUIMPLEMENTACIJIINFORMACIONO-KOMUNIKACIONIH
TEHNOLOGIJA U KONTEKSTU POVEZANIH | AUTONOMNIH VOZILA

Aleksandra Kosti¢ Ljubisavljevi¢, Saobracajni fakultet Univerzitet u Beogradu,
Branka Mikavica, Saobracajni fakultet Univerzitet u Beogradu, Momir Manovi¢,
Saobracajni fakultet Univerzitet u Beogradu

Rezime: Povezana i autonomna vozila (Connected and Autonomous Vehicles,
CAV) predstavljaju inovativno tehnolosko reSenje koje ima veoma vaznu ulogu u
Inteligentnim transportnim sistemima (Intelligent Transport Systems, ITS). Koncept
CAV omogucava vozilima da pored senzora i aktuatora koji pruzaju informacije o
neposrednom okruzenju, uspostave komunikaciju kako medusobno, tako i sa
infrastrukturom. Na taj nalin se proSiruje percepcija vozila o njegovoj okolini,
omogucava bezbednija i efikasnija voznja i obezbeduju se novi nacini za reSavanje
zagus$enja u saobracaju. U ovom radu dat je pregled informaciono-komunikacionih
tehnologija na kojima se zasniva koncept CAV. Analizirani su trenutni i buduéi zahtevi
u kontekstu upravljanja radio-frekvencijskim spekirom koji je namenjen za CAV.
Takode, u radu su analizirani izazovi i prepreke za Siru praktiénu primenu CAV, sa
posebnim osvrtom na regulatorna pitanja i bezbednost komunikacije izmedu vozila,
kao i komunikacije vozila sa infrastrukturom.

Klju€ne re€i: povezanaiautonomna vozila, Inteligentni transportni sistemi, regulativa,
bezbednost komunikacije

REGULATORY CHALLENGES IN THE IMPLEMENTATION OF INFORMATION
AND COMMUNICATION TECHNOLOGIES IN THE CONTEXT OF CONNECTED
AND AUTONOMOUS VEHICLES

Abstract: Connected and Autonomous Vehicles (CAV) represent an innovative
technological solution that plays a crucial role in Intelligent Transportation Systems
(ITS). The CAV concept allows vehicles to establish communication with each
other and with the infrastructure, in addition to sensors and actuators that provide
information about the immediate environment. This expands the vehicle’s awareness
of its environment, allows for safer and more efficient driving, and introduces new
ways to address traffic congestion. This paper provides an overview of the information
and communication technologies underlying the CAV concept. It analyzes current
and future requirements in the context of managing the radio frequency spectrum
dedicated to CAV. Additionally, the paper examines challenges and obstacles for
broader practical implementation of CAV, with a specific focus on regulatory issues
and the security of communication between vehicles, as well as communication
between vehicles and infrastructure.

Keywords: connected and autonomous vehicles, Intelligent Transportation Systems,
regulation, security
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B ANALIZA EFIKASNOSTI UVODENJA STIMULATIVNIH MJERA ZA UPOTREBU
SISTEMA ENP NA AUTOPUTU ,,9. JANUAR"

Bojan Mihalj¢i¢, ,Uniqa“ osiguranje d.d. Sarajevo, Bosna i Hercegovina, Goran
Mihaljéi¢, “Triglav® osiguranje a.d. Banja Luka, Bosna i Hercegovina, Vuk
Bogdanovi¢, Univerzitet u Novom Sadu, Fakultet tehni¢kih nauka, Srbija, Vladimir
Gatari¢, JP ,Autoputevi RS* d.o.o. Banja Luka, Bosna i Hercegovina

Rezime: Elektronska naplata putarine (ENP) predstavlja savremeni model
beskontaktnog pla¢anja putarine upotrebom TAG uredaja. Za razliku od klasi¢nih,
manuelnih sistema naplate putarine putem kartice, ENP ima brojne prednosti koje
se ogledaju u kraéem vremenu opsluge, Sto direktno utiCe na smanjene zagusenja,
smanjenja vremena putovanja i emisije Stetnih gasova, usteda goriva, a indirektno
na povecanje bezbjednosti saobracaja. Provedenim istrazivanjem 2020. godine na
naplatnoj stanici Jakupovci, na auto-putu “9. januar”, na naplatnim rampama sa
manuelnom naplatom putarine, koje sluze za opsluzivanje vozila koja se iskljucuju
sa auto-puta, utvrdeni stepen iskoriS¢enja je bio preko 20 puta veci od stepena
iskori$¢enja naplatnih rampi sa ENP uredajem. IstraZivanjem sprovedenim u Srbiji, na
naplatnoj stanici Dobanovci auto-puta E-70, stepen iskoriS¢enja naplatnih rampi ENP
je bio viSestruko veci. Nakon realizacije mjera od strane upravljaca, u 2024. godini
sprovedeno je novo istrazivanje Ciji rezultati su pokazali porast stepena iskori§¢enja
naplatnih rampi sa ENP. U okviru rada prikazane su mjere sprovedene od strane
upravljaca, uporedna analiza rezultata istraZzivanja prije i nakon primene mjera za
povecanje elektronske naplate putarine, kao i efekti primenjenih mjera.

Kljuéne reéi: ruéna naplata putarine, ENP, stimulativnhe mere, porast stepena
iskoris¢enja

ANALYSIS OF THEEFFECTIVENESS OF INTRODUCING STIMULATIVE MEASURES
FOR THE USE OF THE ENP SYSTEM ON THE HIGHWAY “JANUARY 9”

Abstract: Electronic toll collection (ENP) represents a modern model of contactless
toll payment using a TAG device. Unlike classic, manual card toll collection systems,
ENP has numerous advantages that are reflected in shorter service times, which
directly affects reduced congestion, reductions in travel time and emissions of harmful
gases, fuel savings, and indirectly increases traffic safety. The research carried out in
2020 at the Jakupoveci toll station, on the highway “9. January”, at the toll ramps with
manual toll collection, which are used to serve vehicles that turn off the highway, the
determined degree of utilization was over 20 times higher than the degree of utilization
of the toll ramps with ENP device. According to research carried out in Serbia, at the
Dobanoveci toll station of the E-70 highway, the degree of utilization of the ENP toll
ramps was several times higher. After the implementation of the measures by the
management, a new survey was conducted in 2024, the results of which showed
an increase in the degree of utilization of toll plazas with ENP. The paper presents
the measures implemented by the management, a comparative analysis of research
results before and after the implementation of measures to increase electronic toll
collection, as well as the effects of the applied measures.

Keywords: manual toll collection, ENP, incentive measures, increase in utilization rate
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OVERVIEW OF AUTOMATED TRAFFIC SIGNAL PERFORMANCE MEASURES
(ATSPM) AND LESSONS LEARNED FROM DEPLOYMENTS - 055-T4-0217

Nemanja Dobrota, Kittelson and Associates, Inc. USA, Aleksandar Stevanovic,
University of Pittsburgh, USA, Burak Cesme, Kittelson and Associates, Inc. USA,
Shannon Warchol, Kittelson and Associates, Inc. USA

Abstract: Automated Traffic Signal Performance Measures (ATSPM) represent
a relatively novel concept for the management of traffic signals in the US. For a
long time, the performance of traffic signals was known only through periodic field
visits, hindering transportation agencies from properly managing traffic flow. With the
emergence of technology about two decades ago, data from traffic signal controllers
and detectors were for the first time retrieved, stored, and processed in a form that
allows for a closer examination of signal performance in an ongoing manner. In this
paper, we present an overview of ATSPM technology, its key components, and the
types of traffic signal performance measures it provides. Additionally, we discuss the
costs and benefits associated with ATSPMs based on the implementation of ATSPMs
in several agencies in the US.

Keywords: traffic signal performance measures, high-resolution data, traffic
management

PREGLED KONCEPTA “AUTOMATIZOVANI POKAZATELJI KVALITETA RADA
SVETLOSNIH SIGNALA” | PRIKAZ NAJBITNIJIH ZAKLJUCAKA OD NJEGOVE
PRIMENE

Rezime: Automatizovani pokazatelji kvaliteta rada svetlosnih signala (APKRSS)
predstavljaju relativno novi koncept upravljanja radom svetlosnih signala u
Sjedinjenim Ameri¢kim Drzavama (SAD). Tradicionalan nacin prikupljanja podataka
o kvalitetu rada svetlosnih signala se svodi na periodi¢na terenska istraZivanja
koji posledi€no onemogucava agencije da na adekvatan nacin upravljaju radom
svetlosnih signala. Sa razvojem tehnologije u poslednje dve decenije, po prvi put je
omguceno prikupljanje podataka iz kontrolera i detektora, zatim njihovo skladistenje
kao i obrada na nacin koji omoguc¢ava detaljnije ispitivanje kvaliteta rada svetlosne
signalizacije i to na kontinuiran nacin. U ovom radu dat je prikaz koncepta APKRSS,
njegovih klju¢nih komponenti, kao i tipovi razli€itih pokazatelja koji su integrisani u
okviru ovog koncepta. Dodatno, autori daju prikaz troSkova i koristi koji su rezultirali
implementacijom APKRSS u nekoliko saobracéajnih agencija u SAD.

Kljuéne reci: Pokazatelji rada svetlosnih signala, podaci visoke rezolucije, upravljanje
saobracajem
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B COOPERATIVE INTELIGENT TRANSPORT SYSTEMS (C-ITS) BRING THROUGH
VEHICLE2X COMMUNICATION SIGNIFICANT REDUCTION OF TRAFFIC JAMS,
ACCIDENTS AND EMISSIONS

Milena Vuckovi¢, Yunex Traffic, Beograd, Milan Radivojevi¢, Yunex Traffic, Beograd

Abstract: The digitalization of the road is an essential pillar for the mobility of the
future: Intelligent communication technologies connect road users of all kinds with
the infrastructure. This creates potential for increasing road safety and efficiency
while reducing negative environmental impacts, which helps to improve the quality of
life in and between cities.

Increasing networking and comprehensive data exchange between road users
and infrastructure are the essential building blocks for the future of mobility. V2X
communication technology enables applications to increase traffic safety, optimize
traffic flow, reduce negative environmental impacts, and increase operational safety
while complying with the latest IT security standards.

Through V2X technology, vehicles communicate with on-site infrastructure and
cooperative traffic management systems. In the future, these components will form the
basis for autonomous driving applications. Countries will promote the development
of an innovative and digital infrastructure through digitalization strategies. The
introduction of V2X communication is a building block of the global strategy and has
been tested and deemed useful in numerous research projects.

Keywords: C-ITS, V2X, road digitalization, traffic safety, communications technology
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Efficiency and Safety of Road Traffic / EgpukacHocm u 6esbedHocm caobpahaja Ha nymeeuma

B RAZVOJ MODELA ZA DOBIJANJE INTERVALA SLEDENJA SA ASPEKTA
EFIKASNOSTI | BEZBEDNOSTI DVOTRACNIH PUTEVA

Marko Suboti¢, Saobraéajni fakultet Doboj, Univerzitet Isto€no Sarajevo, Vladan
Tubié, Saobraéajni fakultet, Univerzitet u Beogradu, Zeljko Stevié, Saobracajni
fakultet Doboj, Univerzitet Istoéno Sarajevo, Suzana Miladi¢-TeSi¢, Saobracéajni
fakultet Doboj, Univerzitet Isto¢no Sarajevo

Rezime: Interval sledenja, kao mikroskopski parametar saobracajnog toka,
predstavlja zna€ajan pokazatelj uslova odvijanja saobracaja primenljiv u saobrac¢ajnim
analizama. Sa ciljem postizanja kontinuiranog saobracajnog toka, sa aspekta
efikasnosti potrebni su uravnotezeni intervali, a sa aspekta bezbednosti saobracaja
duZi intervali sledenja. U radu su analizirani intervali sledenja dobijeni empirijskim
istrazivanjem na mernim sekcijama na usponu/padu dvotraénih puteva u Bosni i
Hercegovini, pri €emu su razvijeni modeli polinoma osmog stepena za dobijanje ovih
parametara u funkciji uzduznog nagib, sa visokim koeficijentom korelacije (R2>0,7).
Analizom intervala sledenja u funkciji uzduznog nagiba za razliCite klase vozila,
dobijene vrednosti pokazuju povecanje intervala sledenja za vece uspone. Takode,
pokazano je da je interval sledenja stohasticka veli¢ina, Cije vrednosti znacajno
variraju u uslovima slobodnog saobraéajnog toka na usponu/padu dvotracnih puteva.

Kljuéne reci: interval sledenja, slobodan tok, klasa vozila, efikasnost, bezbednost

DEVELOPING A MODEL TO DETERMINE TIME HEADWAYS FROM THE ASPECT
OF TWO-LANE ROADS EFFICIENCY AND SAFETY

Abstract: The time headway, as a microscopic parameter of the traffic flow, is an
important indicator of traffic conditions applicable in traffic analyses. In order to
achieve a continuous traffic flow, balanced headways are needed from the efficiency
aspect while longer ones are necessary from the aspect of the traffic safety. This
paper analyses headways obtained by empirical research on measuring sections on
the gradual rise/fall of two-lane roads in Bosnia and Herzegovina, thus developing 8th
degree polynomial models to obtain these parameters as a function of the longitudinal
slope, with a high correlation coefficient (R2>0,7). Analysing the headways in the
function of the longitudinal gradient for different classes of vehicles, recorded values
show an increase in the headway for higher gradients. Also, it has been shown that
headway is a stochastic quantity, the values of which vary significantly in conditions
of the free traffic flow on the gradual rise/fall of the two-lane roads.

Keywords: headway, free flow, vehicle class, efficiency, safety
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UTICAJ PUTA | OKOLINE NA NASTANAK SAOBRACAJNE NEZGODE U ZONI
RADOVA NA PUTEVIMA U REPUBLICI SRBIJI

Dalibor Pesi¢, Saobracajni fakultet, Univerzitet u Beogradu, Aleksandra Obradovi¢,
Saobracajni fakultet, Univerzitet u Beogradu,

Rezime: Kako bi se upravljalo odredenim sistemom, neophodno je jasno definisati
postojeCe stanje koje bi se uz adekvatne upravljatke mere pribliZilo ciljanom
(Zelijenom) stanju. Jedan od osnovnih cilieva u bezbednosti saobracaja odnosi se na
smanjenje broja saobracajnih nezgoda. Primenom razli¢itih alata kojima je moguce
na detaljan nacin uvideti uticaj puta na nastanak saobra¢ajne nezgode, omogucéava
se razliCit spektar mera kojima se mogu otkloniti nedostaci puta koji su u direktnoj
vezi sa nastankom saobracajnih nezgoda. Zona radova predstavlja specificno mesto
za sve ucCesnike u saobracaju. Neki od nacina povecéanja nivoa bezbednosti u zoni
radova odnosi se na stvaranje suzenja pri kretanju, smanjenje brzine kretanja,
postavljanje svetlosne saobracajne signalizacije itd. U radu ¢e biti prikazana analiza
bezbednosti saobrac¢aja u Republici Srbiji sa posebnim osvrtom na uticajni faktor put.

Kljuéne reci: bezbednost saobracéaja, zona radova, saobrac¢ajne nezgode, uticajni
faktor puta

THE INFLUENCE OF THE ROAD AND ENVIRONMENT ON THE OCCURRENCE
OF TRAFFIC ACCIDENTS IN THE ROAD WORK ZONE IN THE REPUBLIC OF
SERBIA

Abstract: In order to manage a specific system, it is necessary to clearly define
the existing state, which, through appropriate control measures, would approach the
targeted (desired) state. One of the fundamental goals in road safety is to reduce
the number of road accidents. By employing various tools that allow a detailed
understanding of the road’s impact on the occurrence of road accidents, a diverse
range of measures can be implemented to address road deficiencies directly linked
to the occurrence of road accidents. Work zones represent a specific location for
all traffic participants. Some ways to increase safety levels in work zones include
creating narrowing points, reducing travel speed, installing light traffic signaling, etc.
The paper will present a safety analysis of traffic in the Republic of Serbia, with a
specific focus on the influential factor of the road.

Keywords: traffic safety, work zones, road accidents, road impact factor
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ISKUSTVA PROVERE BEZBEDNOSTI SAOBRACAJA U TUNELIMA

Emir Smailovi¢, Saobraéajni fakultet, Univerzitet u Beogradu, Dalibor PeSi¢,
Saobracajni fakultet, Univerzitet u Beogradu, Boris Anti¢, Saobracajni fakultet,
Univerzitet u Beogradu, Zoran Pesovi¢, Javno preduzecée Putevi Srbije, Ivan Terzi¢,
Javno preduzece Putevi Srbije, Krsto Lipovac, Saobracajni fakultet, Univerzitet u
Beogradu

Rezime: Provera bezbednosti saobracaja (PBS) tunela je jedan od vaznih alata koji
se trenutno razvija u ve¢em broju zemalja. Cilj sprovodenja ovog alata je sistemsko i
kontinuirano smanjivanje rizika nastanka incidenata u tunelima. Sama PBS tunela se
moze realizovati i kao deo jedinstvenog programa PBS na van gradskim putevima.
Iskustva iz zemalja sa ve¢om tradicijom primene ovog alata pokazuju da su efikasnije
PBS tunela koje se sprovode samo za tunele i uticajne zone tunela. U 2023. godini,
Javno preduzece Putevi Srbije i Saobracéajni fakultet u Beogradu su sproveli obimna
istrazivanja i realizovali PBS u tunelima i uticajnim zonama tunela koji se nalaze na
drzavnoj mrezi IA reda Republike Srbije. U ovom radu su predstavljena prva iskustva
vr§enja provere PBS u tunelima. Od metodologije sprovodenja PBS, sastava stru¢nog
tima do praktiénog vrsenja i evidentiranih kljuénih problema PBS, predstavljena su
odabrana iskustva PBS u tunelima. Ste¢ena znanja i iskustva u ovom istrazivanju
imaju znacajan uticaj na unapredenje upravljanja bezbednosti saobra¢aja u tunelima,
kao i unapredenje metodologije vr§enja provera PBS u tunelima.

Kljuéne reci: tuneli, autoputevi, provera bezbednosti saobracaja, rizik, iskustva
EXPERIENCES OF ROAD SAFETY INSPECTION IN TUNNELS

Abstract: Road safety Inspection (RSI) of tunnels is one of the important tools that
is currently being developed in a number of countries. The goal of implementing this
tool is to systematically and continuously reduce the risk of incidents occurring in
tunnels. The RSI tunnel itself can be implemented as part of the unique RSI program
on non-city roads. Experiences from countries with a greater tradition of using this
tool show that RSI tunnels that are carried out only for tunnels and tunnel-influenced
zones are more effective. In 2023, the Public Enterprise Putevi Srbije and The Faculty
of Transport and Traffic in Belgrade conducted extensive research and realized
RSI in tunnels and the influential zones of tunnels located on the state network of
the 1A order of the Republic of Serbia. This paper presents the first experiences of
performing the RSI inspection in tunnels. From the methodology of implementing
RSI, the composition of the expert team to the practical implementation and recorded
key problems of RSI, selected experiences of RSI in tunnels are presented. The
knowledge and experience gained in this research have a significant impact on the
improvement of traffic safety management in tunnels, as well as on the improvement
of the methodology of conducting RSI checks in tunnels.

Keywords: tunnels, freeways, road safety inspection, risk, experiences
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DISTRIBUCIJA SAOBRACAJNIH NEZGODA U ODNOSU NA PROBLEME
ISPUNJENOSTI ZAHTEVANE | PRETICAJNE PREGLEDNOSTI

Porde Soki¢, Panpro Team d.o.o., MiSel Sabo, Panpro Team d.o.o.

Rezime: Dosada$nji rezultati istrazivanja u svetu koji se odnose na evidentiranje
uzroka saobracajnih nezgoda na putevima, ukazuju na Cinjenicu da u velikom broju
jedan od uzroka treba traZiti i u neadekvatnoj preglednosti. U okviru ovog rada
izvrSena je prostorna i statistiCka analiza distribucije saobraéajnih nezgoda u odnosu
na probleme ispunjenosti zahtevane i preticajne preglednosti sa idejom utvrdivanja
korelacija. Analiza je sprovedena na jednom delu drzavnog puta IB 22 u R.Srbiji na
kojem je prethodno izradena detaljna analiza preglednosti, kori§¢enjem inovativnih
alata na bazi kretanja virtuelnog vozac€a u oblaku tacaka koji je kreiran mobilnim
laserskim skeniranjem.

Kljuéne reci: saobracajne nezgode, preglednost, bezbednost

DISTRIBUTION OF TRAFFIC ACCIDENTS IN RELATION TO PROBLEMS OF
FULFILLMENT OF THE REQUIRED AND PASSING SIGHT DISTANCES

Abstract: So far, the results of research in the world related to the recording of the
causes of traffic accidents on the roads indicate the fact that in a large number one
of the causes should be sought in inadequate sight distance. As part of this work, a
spatial and statistical analysis of the distribution of traffic accidents was carried out in
relation to the problems of fulfilling the required and overtaking sight distance with the
idea of establishing correlations. The analysis was carried out on a part of the state
road 1B 22 in the Republic of Serbia, on which a detailed sight distance analysis was
previously made, using innovative tools based on the movement of a virtual driver in
a cloud of points created by mobile laser scanning.

Keywords: traffic accidents, sight distance, road safety
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B ANALIZA MEDUZAVISNOSTI BRZINE | PROTOKA NA DEONICI DVOTRACNOG
PUTA U REPUBLICI SRBUJI

Marijo Vidas, Saobracajni fakultet, Univerzitet u Beogradu, Vladan Tubi¢,
Saobracajni fakultet, Univerzitet u Beogradu, Nemanja Stepanovi¢, Saobracajni
fakultet, Univerzitet u Beogradu

Rezime: Meduzavisnost osnovnih parametara teorije saobrac¢ajnog toka predstavlja
osnovu za definisanje nove ili primenu postoje¢e metodologije za analizu kapaciteta
i nivoa usluge putnih objekata. U skladu sa tim i HCM (Highway Capacity Manual)
definiSe linearnu zavisnost izmedu brzine i protoka u jednom smeru na dvotracnim
putevima. Imajuciuvidunavedeno, ciljovograda predstavljaispitivanje meduzavisnosti
brzine i protoka po smerovima na drzavnom putu IB 22 na deonici Ripanj — Lipovacka
Suma (Barajevo). Ova deonica je izabrana zbog dobrih tehnic¢ko-eksploatacionih
karakteristika i veliCine saobrac¢ajnih zahteva. Podaci o brzini i protoku prikupljani
su u desetominutnim intervalima sa automatskog broja¢a saobra¢aja ABS 1140. U
slede¢em koraku podaci su ekspandirani na ¢asovne vrednosti u cilju ublazavanja
velike disperzije brzina, koja je posledica meSovitog saobraéajnog toka. Kao rezultat
dobijena je kriva koja se mozZe opisati polinomskim modelom viSestruke regresije
reda 3.

Kljuéne reci: dvotracni put, slobodna brzina, meduzavisnost brzine i protoka

ANALYSIS OF THE RELATIONSHIP BETWEEN SPEED AND FLOW ON A
SECTION OF A TWO LANE HIGHWAY IN THE REPUBLIC OF SERBIA

Abstract: The relationship between basic parameters of the traffic flow theory is the
basis for defining a new or applying an existing methodology for analyzing the capacity
and service level of road facilities. Accordingly, the HCM (Highway Capacity Manual)
defines a linear model for speed-flow relationship in one direction on two-lane roads.
Bearing in mind the above, the aim of this paper is to examine the interdependence of
speed and flow in directions on the state road IB 22 on the section Ripanj - Lipovacka
Suma (Barajevo). This section was chosen due to its good technical and operational
characteristics and the size of the traffic flow. Speed and flow data were collected
in ten-minute intervals from an automatic traffic counter ABS 1140. In the next step,
the data were expanded to hourly values in order to mitigate the large dispersion
of speeds, which is a consequence of the mixed traffic flow. As a result, a curve was
obtained that can be described by a polynomial model of multiple regression of order 3.

Keywords: two-way highways, free flow speed, speed-flow relationship
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STETE UZROKOVANE NALETOM VOZILA NA DIVLJAC NA JAVNOJ CESTI —
PRIKAZ NORMATIVNIH RESENJA

Tatjana Potkonjak, Gradska skupstina Grada Zagreba - Grad Zagreb, Hrvatska

Rezime: Razvoj mreze prometnica te povecanje broja motornih vozila rezultiraju
povecéanjem broja Steta nastalih naletom vozila na divlja¢ na javnoj cesti. Prometne
nesreé¢e uzrokovane naletom vozila na divlja¢ imaju znacajan financijski aspekt s
obzirom na visinu nastale Stete ali i zna€ajan utjecaj na opcenitu percepciju sigurnosti
cestovnog prometa. Kljuéni pokazatelj sigurnosti prometa na cestama posve sigurno
je broj prometnih nesrec¢a, stoga kada se stanoviti faktor (divlja¢ na cesti) identificira
kao uzrok prometnih nesre¢a sa znacajnim posljedicama, tehni¢ka i pravna struka
kroz odgovarajuéu suradnju moraju ponuditi prihvatljiva rijeSenja. Kreirane su brojne
i razliCite mjere za spre€avanje Steta od divljaci u prometu, ali i modaliteti naknade
takvih Steta. Prikaz razli¢itih normativnih rijeSenja koja se tiCu Steta i naknade Steta
uzrokovanih naletom vozila na divlja€ na javnoj cesti, pokusaja iznalazenja optimalnih
opcija te problema koji su uo€eni na tom podrucju, predmet su ovog rada.

Klju€ne reci: odgovornost za Stetu, divljag, loviste, pretpostavke odgovornosti

DAMAGES CAUSED BY WILDLIFE - VEHICLE COLLISIONS ON PUBLIC ROADS
A REVIEW OF RELEVANT REGULATIONS

Abstract: Development of the road network and increase of the number of motor
vehicles have resulted in the increasing number of damages caused by wildlife -
vehicle collisions on public roads. Considering the extent of damages, car accidents
caused by wildlife - vehicle collisions have a significant financial aspect, as well as a
significant impact on general perception of the road traffic safety. The most significant
key indication of the road traffic safety is a number of traffic accidents. Therefore, when
a certain factor, such as wildlife on the road, has been identified as a cause of traffic
accidents with significant consequences, technical and legal experts must provide
acceptable solutions. Numerous and various measures for preventing damages from
wildlife in traffic, as well as modalities of compensation for such damages, have been
created. This paper deals with various normative solutions concerning damages and
compensation of damages caused by wildlife — vehicle collision on public roads,
efforts to provide optimum options and issues identified in this area.

Keywords: liability for damages, wildlife, hunting ground, legal requirements for
liability
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B AHAIU3AYTULAJA BPEMEHCKUXYCITOBA HA BP3UHY KPETAHKA: TPUMEP
CNYYAJA IBOTPAYHOI NYTA (AN 1B — 22)

Oparan MaHtenuh, CaobpahajHn cakyntet, YHuBep3uteT y Beorpagy, Mapujo
Bupac, CaobpahajHu dhakynTeT, YHuBep3uTeT y beorpany

Pe3unme: YTrLaj BpeMeHCKNX yCrioBa Ha OCHOBHE NapaMeTpe caobpahajHor Toka, ayru
HW3 rogvHa NpeacTaBibao je NpeaMeT NpoyyYaBaka MHOMMX HayYHMX UCTpaXuBara.
[loGpn BpeMeHCKM ycrioBu ykibydyjyhn cyH4YaHo BpemMe ca gobpom BugrbusoLlhy,
omoryhaBajy Behy 6p3nHy KpeTara, 40K NOLIM BPEMEHCKM YCITOBU NONyT nagaBnHa
(kmMwa, cHer) yTudy Ha cmakene bp3nHe. VMimajyhm y BMay HaBedeHo, Unib OBOT
paga npeactaBiba aHanm3a yTvuaja CHEeXHUX NajaBuMHa Ha MNpoMeHy Op3uvHe
caobpahajHor Toka, Ha gpxaBHom nyTy IB 22 Ha geoHuumn ByhuH rpob — Mopreu
MwunaHoBal, (HeBage). EMnupujcko nctpaxmeame je obyxBatano aHanuay peanHux
nogaraka o Gp3avHama Bo3una ca aytomaTckor 6pojada caobpahaja ABC 1037,
OOK Cy nojauy O BPEMEHCKMM MpunnkamMa npeyseTu ca MEeTEeOpOriolKe CTaHuue
PyoHuk. Kao pesynrtat nctpaxunBara gobujeHa je OCETIbUBOCT MPOMeHe Op3uHe
caobpahajHor Toka, Npu pasnMuYnTUM BPEMEHCKUM YycrnoBuMa. Ha kpajy paga, Kpos3
OMCKYCUjy 1 3aKibydke MpuKasaHu cy pesynrtaty KoMnapaTuMBHE aHanmse npoMeHe
©p3nHe caobpahajHor Toka Npu MOBOSBbHMM M HEMOBOSBbHVMM BPEMEHCKUM YCITOBMMA.

Krby4yHe peum: Gp3vHa caobpahajHor Toka, MpOTOK, BPEMEHCKM YCITOBU, CHEXHE
nagaBuHe

ANALYSIS OF THE IMPACT OF WEATHER CONDITIONS ON THE SPEED OF
MOVEMENT: EXAMPLE OF THE CASE OF A TWO-LANE ROAD (DP IB — 22)

Abstract: The influence of weather conditions on the basic parameters of the traffic
flow has been the subject of many scientific studies for many years. Good weather
conditions, including sunny weather with good visibility, allow a higher speed of
movement, while bad weather conditions such as precipitation (rain, snow) affect the
reduction of speed. Bearing in mind the above, the aim of this paper is the analysis
the impact of snowfall on the change in the speed of the traffic flow, on the state
road IB 22 in the section Bucin grob - Gornji Milanovac (Nevade). Empirical research
included the analysis of real vehicle speed data from the ABS 1037 automatic traffic
counter, while weather data were taken from the Rudnik meteorological station. As
a result of the research, the sensitivity of the change in the speed of the traffic flow,
under different weather conditions, was obtained. At the end of the paper, through
discussion and conclusions, the results of a comparative analysis of the change in
the speed of the traffic flow in favorable and unfavorable weather conditions are
presented.

Keywords: speed of traffic flow, flow, weather conditions, snowfall
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AHAINU3A NPEKOPAYEHA BP3MHA HA TIPOJNIACKY AYTOMYTA KPO3
BEOIPAL, AEOHULA METIbA BEOIPA[] — NMETIbA BYBAH NMOTOK

Munow Ty6uh, Caobpahajuu dakynter, YHuBep3uTeT y beorpagy, Jlasap
CtojaHoBuh, CaobpahajHn dakynTteT, YHuBepauteTr y beorpagy, Hemama
CtenaHoBuh, CaobpahajHu cdakynTeT, YHuBep3uTeT y beorpaay

Pe3snme: Ca npobrnemom mnpekopayewa orpaHuyeHe Op3MHe ce cyodaBajy CcBe
3eMI/be M OH je reHepariHO NMpucyTaH Ha cBakoj MyTHOj mpexun. C ob3mpom ga cy
OKOITHOCTU U MOTMBU Mpekopaderwa Op3vHe o CTpaHe Bo3aya Ha nyTeBuma ca
MELLUOBUTUM JIOKaNHUM, M3BOPHO UWILHMM M OarbMHCKUM TOKOBMMA PasnuunTiy,
uub paga je Aa ce M3BpLUM aHanu3a MoLITOBawa orpaHuyveHe 6p3vHe, a camum
TMM 1 NOAOOHOCT NOCTaBIbEHMX OrpaHMyera Ha Nponacky aytonyTa kpo3 beorpag.
MogudrkoBaHOM METOAOM MOKPETHOr ocmartpada, y3 nomoh android annukauuje
N3BpLLEHA CYy NCTPaXuBaka peanHnx 6pavHa y ycrnoBruMma cnobogHor u HopmarnHor
ToKa. Y aHanuau cy kopuwheHn v nogauy O 4aCcoBHWM npoTouuma u 6p3vHama
ca aytomaTckmx 6pojaya caobpahaja ns peneBaHTHux 6asa JI1 ,lMyteBu Cpbuje”.
CuHTe3Ha aHanusa obyxeaTura je ABa acrnekTa npekopayera 6p3vHe: NPOCTOPHO
N BpPEMEHCKO npekopadyerwe O6p3nHe. Pesyntatum ucTpaxuBama Cy nokasanv ga
nocToju Benvka gucnepsvja 6p3nHa Bo3una y TOKy 1M Aa 3HadyajaH npoueHaTt Bo3aya
He MOLUTYyje MOCTaBIbEHO OrpaHuyere 6p3vHe y cnobogHOM U HOPMAariHOM TOKY.
JegjaH of y3poka BUCOKOr MpOLEHTa npekopayera OJHOCKM Ce Ha Kpeanbunuret
neduHncaHe orpaHuyeHe OGp3aunHe. [pyrn y3pok je YUMktbeHunua ga y cneumuyHnm
yCcnoBMMa TOKa Huje AedVHUCaH CaBpeMeHM KOHLENT ynpaBrbakba Op3avHama Ha
nponacky aytonyTta kpo3 beorpaa. HeonxogHo je aepuHucaT ageksaTHe KoHUenTe
ynpaBrbawa Op3nHama, OZHOCHO MpeucnuTatM KpeanbunuTeT MOoCTaBIbEHMX
OUKCHNX orpaHmyemsa.

Krby4He peum: orpaHuyerne Gp3vHe, YCNOBU Yy TOKY, KpeaAMOUNUTET orpaHuyera
Op3uHe

ANALYSIS OF SPEEDING ON THE HIGHWAY PASSING THROUGH BELGRADE,
DOBANOVCI - BUBANJ POTOK SECTION

Abstract: All countries face the problem of exceeding the speed limit and it is
generally present on every road network. Given that the circumstances and motives
of speeding by drivers on roads with mixed local, original target and remote flows
are different, the aim of the work is to analyze the observance of the limited speed,
and therefore the suitability of the set restrictions on the passage of the highway
through Belgrade. With the modified method of the mobile observer, with the help of
the android application, researches of real speeds in free and normal flow conditions
were carried out. Data on hourly flows and speeds from automatic traffic counters from
the relevant databases of JP “Roads of Serbia” were also used in the analysis. The
synthesis analysis included two aspects of speeding: spatial and temporal speeding.
The results of the research showed that there is a large dispersion of vehicle speeds
in the flow and that a significant percentage of drivers do not respect the set speed
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limit in a free and stable flow. One of the reasons for the high percentage of overruns
is related to the credibility of the defined speed limit. Another reason is the fact that
the modern concept of speed control on the highway passing through Belgrade has
not been defined in specific flow conditions. It is necessary to define adequate speed
management concepts, that is, to review the credibility of the set fixed limits.

Keywords: speed limit, traffic conditions, credibility of speed limits
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ANALIZA EFEKTA REKONSTRUKCIJE NESEMAFORIZIRANOG RASKRIZJA U
KRUZNO ZA RAZLICITE PROMETNE UVJETE- STUDIJA SLUCAJA IZ RIJEKE,
HRVATSKA

Irena IStoka Otkovi¢, Sveuciliste Josipa Jurja Strossmayera u Osijeku, Gradevinski
i arhitektonski fakultet Osijgk, Aleksandra Deluka-Tibljas, SveuciliSte u Rijeci,
Gradevinski fakultet, Sanja Surdonja, SveuciliSte u Rijeci, Gradevinski fakultet

Rezime: U ovome radu je prikazana lokacija jednog manjeg urbanog kruznog
raskrizja, vanjskog radijusa 15 m, smjestenog na Zupanijskog cesti preko koje se
odvija tranzitni promet izmedu dva grada te je trenutno dnevno opterec¢enje oko
11000 voz/dan. Istovremeno raskrizje ima i funkciju u ishodiSno-odrediSnom prometu
jer preko 2 manje optere¢ena privoza povezuje stambeno naselje/trgovacku zonu
sa spomenutom zZupanijskom cestom. Na raskriZju su provedena mjerenja brzine
i koli¢ine prometa prije i nakon rekonstrukcije u kruzno raskrizje. Osim temeljem
navedenih podataka dva su rjeSenja raskrizja usporedena i dodatno za razlicite
scenarije oCekivanog povecanja prometa na lokaciji. lzradom modela prometne
mikrosimulacije (VISSIM) analizirane su obje varijante raskrizja u postojeéim uvjetima
prema stvarnim podacima i buducéim — pretpostavljenim uvjetima kroz pokazatelje
razine usluznosti, vremenskih gubitaka, duZine kolone vozila, dolaznih brzina,
potro3nje goriva i pokazatelja zagadenja zraka.

Klju€ne reci: rekonstrukcija raskrizja, brzine, mikrosimulacije, ocjena efekata

ANALYSIS OF THE EFFECTS OF RECONSTRUCTION OF A NON-SIGNALIZED
INTERSECTION INTOAROUNDABOUT FORDIFFERENT TRAFFIC CONDITIONS
— CASE STUDY FROM RIJEKA, CROATIA

Abstract: The location of a small urban roundabout, with an outer radius of 15 m,
located on a county road that carries transit traffic between two cities and currently
has a daily load of about 11,000 veh/day, is presented in this paper. At the same time,
the intersection also has a function in origin-destination traffic, because it connects
the residential area/shopping area with the mentioned county road via 2 less loaded
approaches. Speed and traffic load were measured at the intersection before and
after the reconstruction into a roundabout. In addition to the above data, the two
intersection solutions were also compared for different scenarios of the expected
increase in traffic load at the location. By creating a traffic microsimulation model
(VISSIM), both variants of the intersection were analyzed in existing conditions
according to real data and future - assumed conditions through indicators of level of
service, delays, vehicle queue length, operational speeds, fuel consumption and air
pollution indicators.

Keywords: intersection reconstruction, speed, microsimulation, evaluation of effects
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RSA NA LOKALNOM PUTU SA PROMENLJIVIM POPRECNIM PRESEKOM

Riste Ristov, Gradevinski fakultet, Univerzitet Sv. Cirila i Metodija u Skoplju,
Slobodan Ognjenovié, Gradevinski fakultet, Univerzitet Sv. Cirila i Metodija u
Skoplju, Vasko Gacevski, Gradevinski fakultet, Univerzitet Sv. Cirila i Metodija u
Skoplju, Ivona Nedevska - Trajkova, Gradevinski fakultet, Univerzitet Sv. Cirila i
Metodija u Skoplju, Zlatko Zafirovski, Gradevinski fakultet, Univerzitet Sv. Cirila i
Metodija u Skoplju

Rezime: Revizija bezbednosti na putevima (RSA) je prepoznata kao jedan od
najefikasnijih i najisplativijih inZenjerskih alata koji mogu da minimiziraju rizik i
ozbiljnost posledica saobracajnih nezgoda koje mogu biti rezultat projekata putne
infrastrukture. Predstavlja nezavisnu, formalnu i sistematsku proveru projektne
dokumentacije u cilju utvrdivanja problema koji mogu doprineti nastanku saobracéajnih
nezgoda ili tezim posledicama ukoliko dode do saobracajnih nezgoda.

Predmet ovog rada je analiza bezbednosti saobracaja koja je zabelezena u RSA
izvestaju u fazi Projektne dokumentacije za sanaciju i rekonstrukciju kolovozai trotoara
na lokalnom putu od raskrsnice sa R2133 do mosta na Lipkovskom jezeru u opstini
Lipkovo. U radu su istaknute sve nesigurne lokacije iz projektne dokumentacije za put
i navedena moguca preporuc¢ena poboljSanja za njih. Pored bezbednosnog aspekta,
kroz prikazani nivo projektovanja vide se i sve slabosti tehnicke dokumentacije koje
znacajno doprinose loSem kvalitetu performansi.

Kljuéne reci: Revizija, bezbednost, puteve, rizik, kolvoz, proektovanije
RSA ON LOCAL ROAD WITH VARIABLE CROSS SECTION

Abstract: Road safety audit (RSA) is recognized as one of the most effective and cost-
effective engineering tools that can minimize the risk and severity of the consequences
of traffic accidents that can result from road infrastructure projects. It represents an
independent, formal and systematic inspection of project documentation in order to
identify problems that can contribute to the occurrence of traffic accidents or more
serious consequences if traffic accidents occur.

The subject of this paper is the road safety analysis noted in the RSA report in the
Project documentation phase for the rehabilitation and reconstruction of roadway and
sidewalk on a local road from the intersection with R2133 to the Lipkovo lake bridge
in Lipkovo Municipality. In the paper, all unsafe locations from project documentation
for the road are highlighted and possible recommended improvements are listed
for them. In addition to the safety aspect, all the weaknesses in the technical
documentation that significantly contribute to poor performance quality can be seen
through the level of design shown.

Keywords: Audit, safety, roads, risk, pavement, design
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PROCES PROJEKTOVANJA PRISTUPNOG PUTA | PLATOA VETRENJACE U
DRENU

Riste Ristov, Gradevinski fakultet, Univerzitet Sv. Cirila i Metodija u Skoplju,
Slobodan Ognjenovié, Gradevinski fakultet, Univerzitet Sv. Cirila i Metodija u
Skoplju, Vasko Gacevski, Gradevinski fakultet, Univerzitet Sv. Cirila i Metodija u
Skoplju, Ivona Nedevska - Trajkova, Gradevinski fakultet, Univerzitet Sv. Cirila i
Metodija u Skoplju, Zlatko Zafirovski, Gradevinski fakultet, Univerzitet Sv. Cirila i
Metodija u Skoplju

Rezime: Mnoge zemlje ulazu velika sredstva u energiju vetra kako bi se izborile sa
klimatskim promenama i obezbedile snabdevanje energijom. To je Cist izvor i postaje
isplativiji s tehnoloskim napretkom i povecanim kapacitetom po instaliranoj jedinici.
Energija vetra kao izvor energije je atraktivna alternativa fosilnim gorivima. Medutim,
vetroelektrane se obi¢no grade u nerazvijenim ruralnim podrudjima sa izazovhom
topografijom. Pored toga, nedostatak putne mreze koja vodi do lokacije i unutar
same lokacije predstavlja znaCajne izazove za planiranje izgradnje vetroelektrana.
Zbog toga je izbor najprikladnijeg pristupnog puta od sustinskog znacaja u ukupnom
planiranju izgradnje vetroparka.

Ovaj rad predstavlja sveobuhvatan pogled na proces projektovanja i fokusirace
se na odabir trasa pristupnih puteva radi optimizacije opste izgradnje vetroparka.
Predstavljen je integrirani okvir za projektiranje vetroelektrana, te je istaknut problem
izbora optimalnog pristupnog puta. Na kraju, prikazan je numericki primjer, uklju€ujuci
zakljuCke, ogranicenja i predloge za buduca istrazivanja.

Kljuéne reci: VetrenjaCa, proces izgradnje, osnovni projekat, putna mreza,
projektovanje puteva

PROCESS OF DESIGNING AN ACCESS ROAD AND A WINDMILL PLATEAU IN
DREN

Abstract: Many countries invest heavily in wind energy to tackle climate change and
secure energy supplies. It is a clean source and becomes more cost-effective with
technological advancement and increased capacity per unit installed.

Wind energy as a power source is an attractive alternative to fossil fuels. However,
wind farms are typically constructed in undeveloped rural areas with challenging
topography. In addition, the lack of a road network leading to the site and within
the site itself poses significant challenges to the planning of wind farm construction.
Therefore, selecting the most appropriate access road route is essential in the overall
planning of wind farm construction.

This paper presents a comprehensive view of the design process and will focus on
selecting access road routes to optimize the general wind farm construction. An
integrated framework for wind farm design is presented, and the problem of optimal
access road selection is highlighted. Finally, a numeric example is shown, including
conclusions, limitations, and suggestions for future research.

Keywords: Windmill, construction process, basic design, road network, road design
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YPBAHUCTUYKO NNAHUPAKE U BESBEAHOCT CAOBPAThAJA

AnekcaHgap MaenoBuh, LINC wuHxewepuHr poo, Oapuja Maenosuh, LINC
WHXEHEPUHT 400,

Pe3unme: Besy nsmeny ypbaHmuctmnyke gokymeHTtaumje n 6es3dbegHoctn caobpahaja He
Tpeba nocebGHO fokasmBaTu 3aTo WTO ypbaHUCTUYKA OOKYMeEHTaumja HenocpegHo
yTnye Ha 6e3begHocT caobpahaja a camum TUM M Ha cripeyaBake caobpahajHux
Hesroga. Liurb oBor paga je cBakako ykasvMBake U UCTULLAH-E OBE Be3e, anun U
yKasuBare BpPedHOCTM pasnuuuTux napamerapa v huxoB mMehycobHM ogHOC Koju
ce jaBreajy y cuctemy ,YpbaHuctuuka gokymeHtauuja — besbenHoct caobpahaja“.
Y OKBUpPY paga nNpes3eHToBaHM Cy pe3ynTatu MHTEepHe CTyauje Koja je cnpoBefeHa
of, cTpaHe ayTtopa. Nopen nperxogHo nocmatpaHor nepuoga (2011-2015. roguHe)
nocmarpaHu cy nogaum 3 nepuoga 2015-2019. n 2019-2023.roguHe. MNopen Beher
BPEMEHCKOr nepvoga nocmartpara M3BpLIEHO je M MpowuprBake napamerapa
obpage.

Krby4yHe peuun: YpbaHucTnika gokymeHTauuja, 6e3begHocTt caobpahaja
URBAN PLANINIG AND TRAFFIC SAFETY

Abstract: The connection between urban planning documentation and traffic safety
does not need to be proven separately, because urban planning documentation
directly affects traffic safety and, therefore, the prevention of traffic accidents. The
aim of this paper is certainly to indicate and emphasize this connection, but also to
indicate the values of various parameters and their mutual dependence that appear
in the “Urban documentation - Traffic Safety” system. The paper presents the results
of an internal study made by the author. In addition to the previously observed period
(2011-2015), data from the period 2015-2019 were observed. and 2019-2023. In
addition to a longer period of observation, the processing parameters were expanded.

Keywords: Urban planing, traffic safety

95



5. cpricku KoHepec o nymeesuma / 5th Serbian Road Congress

PREGLED REZULTATA PRAKTICENE PRIMENE ODREDPIVANJA POVRSINSKIH
KARAKTERISTIKA KOLOVOZA U OKVIRU PROVERE BEZBEDNOSTI
SAOBRACAJA MREZE AUTOPUTEVA U RS

Aleksandar Purekovi¢, Javno preduzece Putevi Srbije, Krsto Lipovac, Saobraéajni
fakultet, Univerzitet u Beogradu, Emir Smailovié, Saobracajni fakultet, Univerzitet u
Beogradu

Rezime: Karakteristike puta, kao jednog od osnovnih faktora sistema bezbednosti
saobracaja, u prethodnim decenijama posebno dolaze do izrazaja i ukazuju
na Cinjenicu da im se mora pristupiti sa posebnom paznjom. lako put, kao jedini
uticajni faktor utic¢e na nastanak svega 3% saobracajnih nezgoda, u sadejstvu sa
ostalim faktorima (Covek, vozilo) ovaj procenat je znatno visi. U radu su prikazani
rezultati odredivanja povrSinskih karakteristika kolovoza na pojedinim deonicama
mreze autoputeva u Republici Srbiji. Odabrane su deonice koje su u eksploataciji
3-5 godina, sa razli¢itim nivoima saobracajnog opterecenja i klimatskim uslovima u
eksploataciji. Deonice koje su ispitane su izvedene sa asfaltnim zastorom, dodatno,
odredene su povrSinske karakteristike na dve lokacije sa betonskim zastorom.
Merenja su vrSena primenom standardizovanih metoda (preko EN standarda), ¢ime
se omogucuje uporedivost i konzistentnost u merenju: odredivanje makroteksture
(MTD); odredivanje otpornosti protiv proklizavanja (PTV); deformacije povrSine
kolovoza; geometrijske karakteristike nagiba. Kako je u dosada$njoj praksi utvrdena
veza izmedu makroteksture i karakteristika trenja na elemente doprinosa puta na
bezbednost saobracaja, dato je osnovno uporedenje odnosa koeficijenta trenja u
odnosu na makroteksturu.

Kljuéne reéi: bezbednost saobracaja, put, karakteristike kolovoza, makrotekstura,
otpornost proklizavanja, deformacija kolovoza

OVERVIEW OF THE RESULTS OF THE APPLICATION OF THE DETERMINATION
OF THE SURFACE CHARACTERISTICS OF PAVEMENTS OF THE HIGHWAY
NETWORK WITHIN THE ROAD SAFETY INSPECTION IN RS

Abstract: The road surface characteristics, as one of the essential factors of the
traffic safety system, have come to the fore in previous decades and point to the fact
that they must be approached with special attention. Although the road, as the only
influencing factor, affects the occurrence of only 3% of traffic accidents, in cooperation
with other factors (man, vehicle) this percentage is significantly higher. The paper
presents the results of determining the surface characteristics of pavements on
certain sections of the highway network in the Republic of Serbia. Sections that
have been in operation for 3-5 years, with different levels of traffic load and climatic
conditions in operation, have been selected. The sections that were inspected were
constructed with an asphalt overlay, additionally, the surface characteristics were
determined at two locations with a concrete overlay. Measurements were made using
standardized methods (through EN standards), which enables comparability and
consistency in measurement: determination of macrotexture (MTD); determination
of skid resistance (PTV); pavement surface deformations; geometric characteristics
of slopes. As the link between the macrotexture and the friction characteristics of
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the elements of the road’s contribution to traffic safety has been established in the
current practice, a basic comparison of the ratio of the friction coefficient in relation to
the macrotexture is presented.

Keywords: ftraffic safety, road, pavement characteristics, macrotexture, slip
resistance, pavement deformation.
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AHATUSE KAMALMUTETA Y NOCTYNUUMA NNAHUPAHKA AYTOMYTEBA

Munuua Tyo6uh, Xugponpojekat-Caobpahaj, Aanujena Portyna, Xuagponpojekar-
Caobpahaj, Mapuja CrojaHoBuh, Xupgponpojekat-Caobpahaj, AHa Pycuh,
Xugponpojekat-Caobpahaj, Munow MuukoBuh, Xngponpojekat-Caobpahaj

Pesume: Y lMpupyyHuuuma 3a kanauutet nyteBa (HCM) go 2022.r., gedurHucaHa
cy 3 HMBOaA aHanuae KanauuTeTa: onepaTtuBHa, MPOjeKTHa W nnaHepcka. Hueowu
JeTarbHOCTM CBake Of aHamu3a cy y QyHKUMjM CBpXe W LWMPUHE npucTyna.
lMnaHepckom aHanu3om ce yTBphyje KanauuTteT y paHuMM dha3ama nsaHupamsa,
Kaga je goctynaH manu 6poj nogartaka u uHgopmaumja. NMpoueaypa nnaHupawa
je 3acHoBaHa Ha nporHosu MNMIAC-a n makpo cumynaumju caobpahaja. NnaHepcke
aHanmse cy yCMepeHe Ha nuTakba Kao LWTo cy nageHTndmrkaumja npobnema, KoHuenT
npojekta nyta u nopehewe antepHatusa. [NnaHepcke aHanmse ce jaBrbajy y asu
npoueca kaga je nosHato mano geTtarba O MOTpaxwu ca unrbem oppehuBama
notpebHor Opoja Tpaka aytonyTa M nonpevHor npodwurna kako 6u ce ogpxao
3axTeBaHu HuBo Ycnure. Metogonoruvja gata y HCM-y nogpasymeBa kopuwhere
NpenopyyYeHnx BpPedHOCTM WHMyTa, OOHOCHO reHepanu3oBaHux Tabena OHEBHUX
kanauyuteta. C 063vpom ga cy npenopyyeHe BpeaHOCTU KanauuTeTa 3acHOBaHe
Ha TMNMYHUM Npodmnma ayTonyTeBa U KapakTepuctukama caobpahaja y CAL, y
paay je ypaheHa getarbHa aHanusa kanayuTeTta 3a nokasnHe ycrnose — 3 cTaHgapaHa
reoMeTpujcka npodmna ayTonyTesa 3a pasnuumTte Bpe4HOCTU MEPOAABHOr NMPOTOKA,
cnobogHe 6p3vHe, hakTopa BPLUHOr caTa, yTuuaja KoMepLumjanHix Bo3una u tuna
TepeHa, kako b ce ynopeaunu ca BpegHocTuma kanaumteta nsa HCM2022. YnopegHa
aHanusa ykasyje Ha pasfnuke y BpedHOCTUMa KanauuTeTa, na ce pesyntatv OBUX
aHarnusa npenopyu4yjy 3a npumMmeHy y Penybnvum Cpouju.

KrbyuHe peum: KanauuTer, lNnaHepcka aHanuaa, MNMIAC, Highway Capacity Manual
CAPACITY ANALYSES IN HIGHWAY PLANNING PROCEDURES

Abstract: In all Highway Capacity Manual (HCM) editions, incuding 2022, three
levels of capacity analyses were defined: operational, design and planning and
preliminary engineering analysis. The levels of detail of each analysis serve the
purpose and breadth of approach. Planning analysis determines capacity in the early
stages of planning when only a small amount of data and information is available.
The planning procedure is based on traffic demand forecasts and macro traffic
simulations. Planning analysis focus on issues such as problem identification, road
design concepts and alternative comparisons. Planning analysis occur in the process
phase when little detail is known about demand to determine the required number of
highway lanes and cross-section profiles to maintain the required Level of Service
(LOS). The methodology provided in the HCM involves using recommended input
values, i.e., generalized tables of daily capacities. Since the recommended capacity
values are based on typical freeway profiles and traffic characteristics in the USA,
a detailed capacity analysis was conducted for local conditions in this study — three
standard geometric highway profiles for different relevant flow values, free flow
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speeds, peak-hour factors and percent of heavy vehicles to compare with HCM2022
capacity values. Comparative analysis indicates differences in capacity values, thus
the results of these analyses are recommended for application in the Republic of
Serbia.

Keywords: Capacity, Planning and preliminary engineering analysis, AADT, Highway
Capacity Manual
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HOBUWHE Y METOAONOIMNJ1 3A NPOPAYYH HUBOA YCITYTE BAHITPAACKOI
OBOTPAYHOTI MYTA

Bnagan Ty6wuh, CaobpahajHn dakyntet, YHuBepsuteT y beorpagy, Hemawa
CrenaHoBuh, CaobpahajHn dakynTtet, YHuBepautet y beorpaagy, Mapujo Bugac,
CaobpahajHun dakynTet, YHnBep3uTeT y beorpaagy

Pe3snme: Hajgehn npobnemu 3a npeumnsHo yTBphuMBame YCnoBa y HEMPEKUHYTOM
caobpahajHOM TOKy jaBrbajy Ce KOO BaHrpagCkuMx LBOTPaAYHMX MyTeBa, LITO je
nocneavua MaHeBpa npeTulaka O4HOCHO yTuLaja NPoToKa N3 CyNpOTHMX CMEPOBa.
Mako je o faHawmUX gaHa pasBujeHO HEKONMMKO Mogena 3a yTBphuBawe HMBOa
ycriyre oBOr Tvna nyTa, Hajno3HaTuju cy mogenu nybnmkoBaHu y HajkopuwwheHujem
CBETCKOM MPUPYYHMKY 3a aHanunay kanaumteTa u HuBoa ycnyre — Highway Capacity
Manual (HCM). Mako je naxsa oBOM Tuny nyTta nocBeheHa joww og NpBor nsgama
oBor npupy4Huka 1950. rogmMHe, KOMMMEKCHOCT Npobrema Ha ABOTpPa4YHUM NyTeBMMa
yCroBuna je nepmMaHeHTHU pasBoj MeTofosniorvje 3a geduvHucawe HUBOA ycnyre.
Y nocneghem, 7. nsgawy HCM npupyyvHMKa OOLWNO je A0 3HavajHUX NpoMeHa y
METOAOMOrMju, WTO je JOBENO A0 BEMVIKMX pa3fnuka y OOHOCY Ha MpeTxXogHa n3gama
OBOr MpuWpy4YHMKa. Y OBOM pady M3BpLUEHa je AeTarbHa aHanmsa CBUX MPOMEHa Y3
nopehemne ca cneynduruyHoOCTMMa METOA0S0Mja N3 NPETXOAHUX U34aHa NpUpPYyYHUKa.
MocebaH oOCBPT je gaT HOBOM MpUCTYMy Mogene AEOHWLE Ha OACEeKe, 4yMme ce
omoryhaBa aHanusa KapakTepucTuKa Koje ce A0 caja HUCY ersakTHO pasmartparne,
anu n ysohera HOBOT napameTpa 3a AeduHrcane HuBoa ycnyre. OBakBOM aHanM3om
omoryhaBa ce yoyaBawbe NMpeaHOCTU U MaHa HOBe METOoAoSorvje y TEOPUjCKUM U
NpakTMYHMM Npobrnemrma, OOHOCHO AedWHMLIY MpPenopyke 3a MakCMMU3npahe
no3nTnBHUX edpekarta ynotpebe ucre.

Krby4yHe peun: caobpahajHu TOK, HUBO ycnyre, BaHrpagcku gsotpayHu nyt, HCM

INNOVATIONS OF THE METHODOLOGY FOR TWO-LANE HIGHWAYS LEVEL
OF SERVICE DETERMINATION

Abstract: The biggest challenges for the precise determination of conditions in an
uninterrupted traffic flow occur in rural two-lane highways, which is a consequence
of overtaking maneuvers, i.e. the influence of the opposing traffic stream. As several
models have been developed to determine the level of service of this type of road, the
most famous models are published in the world’s most used manual for capacity and
level of service analysis - Highway Capacity Manual (HCM). As attention has been
devoted to this road type since the first edition of this manual in 1950, the problem
complexity of level of service determination conditioned the permanent development
of the methodology. In the last, 7th edition of the HCM manual, there were significant
changes in the methodology, which made a big difference compared to the previous
editions of this manual. In this paper, a detailed analysis of all changes and improvements
was performed, with comparisons with the specifics of the methodology from previous
editions of the manual. A special attention is given to the new approach of dividing the
highway into sections and sub-sections, which enables the analysis of characteristics
that have not been considered until now, as well as the introduction of new parameters
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for defining the level of service. This kind of analysis makes it possible to see the
advantages and disadvantages of the new methodology in theoretical and practical
form of view, that is, to define recommendations for maximizing the positive effects of
its use.

Keywords: traffic flow, level of service, two-lane highway, HCM
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YTBPBPUBAKLE TPAHUYHE BPEOHOCTU WHTEPBAIIA CIIEHEHA
cnosoaHor TOKA HA ABOTPAYHUM NMYTEBUMA | PEOAY CPBUJU

Hemawa CtenaHoBuh, CaobpahajHu akynTet, YHnBepauteT y beorpagy, Mapujo
Bupac, CaobGpahajHn dakynteT, YHuBepauteT y beorpagy, BnagaH Tyo6wuh,
CaobpahajHu dakynTert, YHnBep3uTeT y beorpagy

Pe3sunme: OppehuBame Gp3nHe cnobogHoOr Toka npencTaBrba MOYETHU KOpak Kop,
npopayyHa Kanauutera 1 HMBOa ycnyre BaHrpagckux nyteBa y OpojHUM MOo3HaTUM
mMogenuma u npupydHmumma. Kako 6u ce ogpeamna crniobogHa 6p3nHa HeonxogHoO
je nosHaBak€e Teopujcke rpaHuLe criobodHor Toka, OQHOCHO rpaHuue rae noynkse
yTuuaj nHTepakumje namehy Bosuna u npenasak crnobogHe y Op3uHy cTabunHor
ToKa. Ynpkoc OpojHMM AocajallhbuUM UCTpaxuBarbMMa, napameTtap caobpahajHor
ToKa 3a oppefmBake OBe rpaHuLe, Kao HW €ersakTHe BpedHOCTU WUCTe, HUCY
yTBpheHun. 36or Tora je y oBOM pagy CrNpoBEAEHO UCTpaxuBake Ha 30 geoHuua
BaHrpagackmx ABoTpadyHumx nyteBa | pega y Cpbuju, onpemMrbeHux ayToMaTCKuUMm
Opojaunma caobpahaja, ca unrbem yTBphuBama rpaHu4He BpegHocTu crnoboaHor
TOoKa 1 omoryhaBama npeLmsHor npopavyHa op3nHe crnobogHor Toka. C 063npom Ha
BMCOKY OCETIBMBOCT IPaHNYHMX BPEeOQHOCTM NPOTOKa CrnobogHOr Toka Ha BPEMEHCKY
HepaBHOMEPHOCT Hamnacka Bo3una, Kao HajnorogHuju napamMmeTap 3a geduHucamwe
OBe rpaHuue ogabpaH je BpeMeHCKM MHTepBan cnehewa Bo3una. McnvtuBawem
peanHux 6p3vHa u nHTepBana crefewa 134.261 Bo3nna u ctaTUCTUYKOM 06pagom
nogartaka y codreepy SPSS, yTBpheHa je rpaHnyHa BpeQHOCT MHTepBarna crnehemna
o 6,3 s.

KrbyuHe peun: criobofaH Tok, MHTepBan crehetba, BaHrpaackv ABOTPaYHM MyT

THE FREE FLOW TIME HEADWAY THRESHOLD VALUE DETERMINATION ON
TWO-LANE HIGHWAYS IN SERBIA

Abstract: The free flow speed determination is the initial step in the capacity and level
of service calculation of rural two-lane highways in a number of well-known models
and manuals. In order to determine the free flow speed, it is necessary to know the
theoretical treshold value of the free and normal (stable) flow, i.e. the point at which
the increase in vehicle interaction transforms free flow speed into stable flow speed.
Despite numerous previous researches, the traffic flow parameter for determining this
treshold, as well as its exact values, have not been precisely determined. Therefore, in
this paper, research was conducted on 30 sections of the | class two-lane highways in
Serbia, equipped with automatic traffic counters, with the aim of the free flow treshold
value determining and enabling precise calculation of free flow speed. Considering the
free flow treshold value high sensitivity to the traffic volume temporal variations, the
parameter of vehicle time headway was selected as the most suitable parameter for
examining this threshold on two-lane highways. By examining the real speeds and time
headways of 134,261 vehicles and statistical data processing in the SPSS software, the
time headway treshold value of 6,3 s was determined.

Keywords: Free flow, time headway. two-lane highway
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Bl ANALIZA PODATAKA O SAOBRACAJNIM NEZGODAMA U REPUBLICI SRBIJI
I MOGUCI DORINOSI UNAPREDENJU SISTEMA BEZBEDNOSTI | OCUVANJU
ZIVOTNE SREDINE

Marija Mladenovi¢, Saobracajni fakultet, Univerzitet u Beogradu

Rezime: Ovaj istrazivacki rad ispituje bezbednosne aspekte saobracaja, s fokusom
na saobracajne incidente. Formiranje baze podataka o saobrac¢ajnim nezgodama
predstavlja osnov za dobijanje relevantnih i pouzdanih informacija, omogucavajuci
detaljnu analizu dogadaja. Napredak u oblasti bezbednosti saobracaja, evidentiran
kroz analizu podataka, predstavlja osnov za identifikaciju konkretnih mera prevencije
u bezbednosti saobracaja, kao i promocije odrzivih vidova saobracaja. Kroz konkretan
primer saobracajnih nezgoda na putno- pruznim prelazima, iz baze podataka, istrazuju
se strategije koje se tiCu bezbednosti saobraéaja, kao i mogucnosti kreiranja planova
koji se ti€u prevencije nezgoda i smanjenja rizika na putno- pruznim prelazima. Kroz
primenu statisticke analize i drugih metoda za dokazivanje, pruzen je dublji uvid u
uzroke i posledice ovih nezgoda.

ProuCavajuci deSavanja u drumskom i ZelezniCkom saobracaju, posebna paznja
bice posveéena uticaju saobracaja na zemljiSe i biodivezitet. Cilj istrazivanja je
identifikacija mera koje doprinose bezbednijem saobracaju i promoviSu odrzivost
saobracajne delatnosti u Srbiji. integracija rezultata istrazivanja u politike i praksu
bezbednosti saobracaja ima potencijal za zna€ajan doprinos unapredenju sistema
bezbednosti i o€uvanja Zivotne sredine.

Kljuéne reéi: bezbednost saobracaja, saobra¢ajne nezgode, odrzivost

ANALYSIS OF ROAD TRAFFIC ACCIDENT DATA IN THE REPUBLIC OF SERBIA
AND POTENTIAL CONTRIBUTIONS TO IMPROVING SAFETY SYSTEMS AND
ENVIRONMENTAL PRESERVATION

Abstract: This research paper explores safety aspects of transportation, with
a focus on traffic incidents. Establishing a database of traffic accidents serves as
a basis for obtaining relevant and reliable information, enabling detailed event
analysis. Progress in traffic safety, as evidenced by data analysis, forms the basis for
identifying specific preventive measures in traffic safety and promoting sustainable
modes of transportation. Through a concrete example of traffic accidents at railway
crossings, data-driven strategies concerning traffic safety are explored, as well as
the possibilities of creating plans for accident prevention and risk reduction at railway
crossings. Through the application of statistical analysis and other evidential methods,
a deeper insight into the causes and consequences of these accidents is provided.
Studying events in road and railway traffic, special attention will be paid to the
impact of traffic on land and biodiversity. The research aims to identify measures that
contribute to safer traffic and promote the sustainability of transportation activities in
Serbia. Integrating research results into traffic safety policies and practices has the
potential to significantly contribute to improving safety systems and environmental
preservation.

Keywords: traffic safety, traffic accidents, sustainability
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POTRAZNJA ZA PARKING MESTIMA ZA TESKA TERETNA VOZILA DUZ AUTO-
PUTEVA U SLOVENIJI

Marko Celan, DRI upravljanje investicij, Ljubljana, Slovenija, Franci Soba, DRI
upravljanje investicij, Ljubljana, Slovenija

Rezime: Na fteritoriji Republike Slovenije drumski teretni saobrac¢aj nastavija
intenzivno da raste. Kako saobracaj raste, tako raste i potraznja za parking mestima
za teSka teretna vozila duz auto-puteva. Ovaj rad predstavlja metodologiju i obracun
broja parking mesta potrebnih duz auto-puteva, uzimajuci u obzir zakon o radnom
vremenu i obaveznim periodima odmora za profesionalne vozace i tokove teretnog
saobracaja. Putanje teretnih vozila na mrezi auto-puteva zasnovane su na 4-faznom
makroskopskom modelu saobraéaja i vrednovane su u skladu sa najnovijim podacima
0 brojanju saobrac¢aja. Saobracajni tokovi za tranzit, polazna tacka-odrediste i
unutrasniji teretni saobracaj daju se odvojeno. Na osnovu projektovanog rasta teretnog
saobracaja i metodologije koja se koristi za izraCunavanje potraznje za parking
mestima, nedostatak parking mesta za svaku deonicu mreze auto-puteva u Sloveniji
daje se za trenutnu situaciju i prognozirani obim saobracaja u 2040.

Kljuéne reci: prevoz tereta, parking za teSka teretna vozila, saobracajni model,
putanje kretanja vozila, periodi odmora vozaca

DEMAND FOR PARKING SPACES FOR HEAVY GOODS VEHICLES ALONG
MOTORWAYS IN SLOVENIA

Abstract: In the territory of the Republic of Slovenia, road freight transport continues
to grow intensively. As traffic grows, so does the demand for parking spaces for heavy
goods vehicles along motorways. This paper presents a methodology and calculation of
the number of parking spaces needed along motorways, taking into account legislation
on working time and compulsory rest periods for professional drivers and freight
traffic flows. The trajectories of freight vehicles on the motorway network are based
on a 4-stage macroscopic traffic model and are weighted by the latest traffic counter
data. Traffic flows for transit, origin-destination, and internal freight traffic are given
separately. Based on the projected growth in freight transport and the methodology
used to calculate the demand for parking spaces, the shortage of parking spaces for
each section of the motorway network in Slovenia is given for the current situation and
the forecast traffic volume in 2040.

Keywords: freight transport, traffic model, vehicle movement trajectories, driver rest
periods
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H UTICAJ LOKACIJE BROJACA SAOBRACAJA NA DOBIJENE PODATKE ZA
ANALIZU, PLANIRANJE | OPTIMIZACIJU SAOBRACAJNOG TOKA NA PRIMERU
SEMAFORIZACIJE CETVOROKRAKE RASKRSNICE U NOVOM PAZARU

Milana Sarenac, GMP GRAMONT-NS, Novi Sad, Aleksandar Petri¢, GMP
GRAMONT-NS, Novi Sad, Goran Poki¢, GMP GRAMONT-NS, Novi Sad

Rezime: U radu je istaknut uticaj lokacije brojaCa saobracaja na dobijene podatke
0 saobracajnom toku, i izbor optimalnog projektnog reSenja na posmatranoj lokaciji.
Analiziran je projekat poboljSanja uslova odvijanja saobraéaja na raskrsnici drzavnog
puta IB-22 saulicom Branka Copiéa u Novom Pazaru, u kom je predvidena semaforizacija
Cetvorokrake raskrsnice, na osnovu analize podataka sa mobilnih broja¢a postavljenih
na raskrsnici. Poredenje sa podacima o protoku vozila sa fiksnih brojata na deonici
Novi Pazar (Brdani) - Ribarice predmetnog drzavnog puta ukazuje na neophodnost
nezavisnog brojanja saobra¢aja mobilnim broja¢ima u odredenim sluajevima, kada se
podaci sa fiksnih brojaCa ne mogu iskoristiti. Iz navedenog proisti¢e znacaj strateSkog
postavljanja mobilnih brojata na raskrsnicama, priklju¢cima i kljuénim saobraéajnim
deonicama za podatke najpribliznije stvarnom stanju na konkretnoj lokaciji. To zna¢ajno
utiCe na dalje analize i odluke koje se donose na osnovu tih podataka, i moze imati
dugoro&ne posledice na planiranje i optimizaciju saobrac¢ajnog toka.

Kljuéne reci: brojanje saobracaja, mobilni brojaci, lokacija brojaca, semaforizacija
raskrsnice, analiza uslova odvijanja saobracaja

THE IMPACT OF TRAFFIC COUNTERS LOCATION ON DATA FOR TRAFFIC
FLOW ANALYSIS, PLANNING, AND OPTIMIZATION USING THE EXAMPLE OF
SIGNALIZATION OF A FOUR-WAY INTERSECTION IN NOVI PAZAR

Abstract: The paper highlights the impact of traffic counters location on the traffic
flow data, and the selection of the optimal project solution at the observed location.
The project to improve traffic conditions at the intersection of the IB-22 state road with
Branko Copi¢ Street in Novi Pazar was analyzed, in which the signalization of the four-
way intersection is planned based on the analysis of data from mobile traffic counters
placed at the intersection. Comparison with data on vehicle flow from fixed counters
on the section Novi Pazar (Brdani) - Ribari¢e of the relevant state road indicates the
necessity of independent traffic counting with mobile traffic counters in certain cases,
when data from fixed counters cannot be utilized. From the above, the significance of
strategically placing mobile traffic counters at intersections, junctions, and key traffic
sections for data closest to the real situation at the specific location emerges. This
significantly influences further analyses and decisions made based on this data, and
can have long-term consequences for traffic flow planning and optimization.

Keywords: traffic counting, mobile traffic counters, traffic counters location, traffic
light instalation at an intersection, traffic flow conditions analysis
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ANALIZA | IZBOR MERA ZA UPRAVLJANJE BRZINAMA - PRIMER GRADA
SREMSKA MITROVICA

Nemanja Garunovié¢, Fakultet tehni¢kih nauka, Univerzitet u Novom Sadu,
Vuk Bogdanovié, Fakultet tehni¢kih nauka, Univerzitet u Novom Sadu, Obrad
Vuéenovié, Grad Sremska Mitrovica, Marko Markovié¢, Fakultet tehni¢kih nauka,
Univerzitet u Novom Sadu

Rezime: Upravljanje brzinama (eng. Speed Management) je postupak Kkoji
podrazumeva preduzimanje razli€itih mera u cilju postizanja optimalne brzine svih,
odnosno vecine vozila u saobra¢ajnom toku. Optimalna brzina zavisi od ranga i
kategorije puta, u principu radi se o dozvoljenoj brzini na posmatranoj deonici puta.
Sprovodenje mera u cilju upravljanja brzinom vozila na uli€¢noj mreZzi zahteva dodatna
ulaganja, pa je potrebno definisati objektivne kriterijume za izbor lokacije na kojima su
mere potrebne i prioriteta njihove implementacije. Pored toga, potrebno je definisati
postupak izbora mere na izabranim lokacijama, koje bi bile uskladene sa efikasno$éu,
ali i objektivnim ograni¢enjima i drugim faktorima. U ovom radu analiziran je postupak
izbora tehnickih i regulativnih mera za smanjenje brzine motornog saobracaja na
ulicnoj mrezi naselja Sremska Mitrovica.

Kljuéne reci: upravljanje brzinama, kriterijumi, motorni saobrac¢aj, Grad Sremska
Mitrovica

ANALYSIS AND SELECTION OF MEASURES FOR SPEED MANAGEMENT - AN
EXAMPLE OF THE CITY OF SREMSKA MITROVICA

Abstract: The process of speed management involves taking various measures to
reach the optimal speed of the majority of vehicles in the traffic flow. The optimal
speed depends on the rank and category of the road. In principle, it is the permitted
speed on the observed section of the road. The implementation of measures aimed
at managing the traffic flow speed requires additional investments, so it is necessary
to define objective criteria for choosing the location where the measures are needed
and the priority of their implementation. Furthermore, it is necessary to define the
procedure for selecting measures in selected locations that is aligned with efficiency,
objective limitations, and other factors. This paper examines the method for selecting
technical and regulatory measures to decrease the speed of motor traffic on the
street network of Sremska Mitrovica city.

Keywords: Speed Management, Criteria, Motor Traffic, City of Sremska Mitrovica
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H ULOGA INFORMACIONO-KOMUNIKACIONIH TEHNOLOGIJA U ODRZIVOM
RAZVOJU: SMANJENJE UTICAJA KLIMATSKIH PROMENA U PUTNOM
SEKTORU

Milica Pavi¢, Gradevinski fakultet Subotica, Univerzitet u Novom Sadu, Igor
Jokanovi¢, Gradevinski fakultet Subotica, Univerzitet u Novom Sadu

Rezime: Usled uticaja klimatskih promena svet se konstantno menja, istovremeno
ostavljajuéi trag na sve sektore drustva. Generalni prioriteti u svetskim okvirima
su da svaki sektor postane otporan na ove promene i sposoban za brzi oporavak.
Tehnologija igra veliku ulogu u podizanju svesti o klimatskim promenama i
obrazovanju ljudi o njihovom uticaju na zivotnu sredinu. Kombinacija inovacija,
politicke volje i angazovanosti moze dovesti do znacajnog napretka u smanjenju
emisije gasova sa efektom staklene baste, ¢ime se poboljSava kapacitet o¢uvanja
planete za buduée generacije. Primenom informaciono-komunikacionih tehnologija
(IKT) se uti¢e na poboljSanje kvaliteta zivotne sredine koja se ogleda kroz proces
ublazavanja zagadenja. Cilj rada je da se napravi pregled primene IKT u putnom
sektoru, sa posebnim akcentom na analizi sprovodenja mera usmerenih ka
adaptaciji i unapredenju putne infrastrukture i njene eksploatacije. Takode, bice
date relevantne informacije i smernice kako bi se podrzale inicijative usmerene
ka ojacanju putnog sektora koji moze odgovoriti na sve veée izazove u vezi sa
klimatskim promenama.

Kljuéne reci: klimatske promene, IKT, putni sektor

ROLE OF INFORMATION-COMMUNICATION TECHNOLOGIES IN SUSTAINABLE
DEVELOPMENT: REDUCING THE IMPACT OF CLIMATE CHANGE IN THE
TRANSPORTATION SECTOR

Abstract: Due to the impact of climate change, the world is constantly changing,
simultaneously leaving a mark on all sectors of society. The general priorities on a
global scale are for each sector to become resilient to these changes and capable of
rapid recovery. Technology plays a significant role in raising awareness about climate
change and educating people about its impact on the environment. A combination of
innovation, political will, and engagement can lead to significant progress in reducing
greenhouse gas emissions, thereby improving the planet’s capacity for preservation
for future generations. The application of information and communication technologies
(ICT) influences the improvement of environmental quality, reflected in the process of
pollution mitigation. The aim of this paper is to provide an overview of the application
of ICT in the road sector, with a special emphasis on analyzing the implementation
of measures aimed at adaptation and improvement of road infrastructure and its
operation. Additionally, relevant information and guidelines will be provided to support
initiatives aimed at strengthening the road sector to respond to increasing challenges
related to climate change.

Keywords: climate change, ICT, road sector
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POSTIZANJE RAVNOTEZE: NAVIGACIJA RAZVOJEM INFRASTRUKTURE |
OCUVANJEM BIODIVERZITETA U SRBIJI - OTKRIVANJE IZAZOVA | RESENJA

Milos Despotovié¢, Arup, Beograd, Srbija, Ilva Misi¢, Arup, Beograd, Srbija, Matija
Petkovi¢, Arup, Beograd, Srbija,

Rezime: Srbija trenutno prolazi kroz brojne projekte razvoja infrastrukture, sa joS vise
planiranih za buduc¢nost. Medutim, ravnoteZa izmedu razvoja i o€uvanja biodiverziteta
Cesto je stavljena u drugi plan ili potpuno zanemarena. S obzirom na to da ovi
infrastrukturni projekti igraju klju€nu ulogu u podsticanju ekonomskog rasta, njihovo
uspedno zavrSavanje je imperativ. Istovremeno, oni predstavijaju zna€ajan rizik
od degradacije Zivotne sredine. U ovoj studiji, bavimo se izazovima poput globalne
uskladenosti, praznina u podacima, pitanjima kapaciteta i ograniCenom svesti.
Koristimo integrativne i holistiCke metodologije, deleci uvide i iskustva, posebno u oblasti
vestacke inteligencije. Predlozena re$enja obuhvataju razliCite pristupe, naglasavajuci
unapredenu komunikaciju, azurirane podatke i optimizaciju alokacije resursa. IstiCuci
saradnju medu zainteresovanim stranama, naglasavamo dvostruku odgovornost
postizanja ekonomskog napretka uz o€uvanje biodiverziteta. Kroz ilustrativne primere
planiranja i dizajna, zalaZemo se za buducnost u kojoj razvoj i oCuvanje koegzistiraju
harmoni¢no, inspiriSuci zajedni¢ke napore ka odrzivosti i prosperitetu.

Kljuéne reci: projekti razvoja infrastrukture, oCuvanje biodiverziteta, globalna
uskladenost, vestacka inteligencija, odrZivost

STRIKING A BALANCE: NAVIGATING INFRASTRUCTURE DEVELOPMENT AND
BIODIVERSITY CONSERVATION IN SERBIA - UNVEILING CHALLENGES AND
SOLUTIONS

Abstract: Serbia is currently undergoing numerous infrastructure development projects,
with even more planned for the future. However, the balance between development
and biodiversity conservation is often relegated to a secondary position or neglected
altogether. Considering that these infrastructure projects play a crucial role in propelling
economic growth, their successful completion is imperative. Simultaneously, they pose
a significant risk of environmental degradation. In this study, we address challenges
such as global alignment, data gaps, capacity issues, and limited awareness. We
employ integrative and holistic methodologies, sharing insights and experiences,
particularly in the realm of Artificial Intelligence. Proposed solutions encompass various
approaches, emphasizing enhanced communication, updated data, and optimized
resource allocation. Highlighting collaboration among stakeholders, we underscore
the dual responsibility of achieving economic progress while preserving biodiversity.
Through illustrative planning and design examples, we advocate for a future where
development and conservation coexist harmoniously, inspiring collective efforts towards
sustainability and prosperity.

Keywords: Infrastructure development projects, Biodiversity conservation, Global
alignment, Atrtificial Intelligence, Sustainability
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B ENVIRONMENTAL LIFE CYCLE ASSESSMENT OF SUSTAINABLE SOLUTIONS
FOR ROAD ASPHALT PAVEMENTS

Cristina Oreto, Roads Laboratory Luigi Tocchetti, Department of Civil, Construction
and Environmental Engineering, Universita degli Studi di Napoli Federico I, Italy,
Rosa Veropalumbo, Roads Laboratory Luigi Tocchetti, Department of Civil,
Construction and Environmental Engineering, Universita degli Studi di Napoli
Federico I, Italy, Nunzio Viscione, Roads Laboratory Luigi Tocchetti, Department of
Civil, Construction and Environmental Engineering, Universita degli Studi di Napoli
Federico Il, Italy, Francesca Russo, Roads Laboratory Luigi Tocchetti, Department
of Civil, Construction and Environmental Engineering, Universita degli Studi di Napoli
Federico I, Italy,

Abstract: As new environmentally-sound asphalt concrete production technologies are
becoming more and more widespread, their practical application is still hindered by the
lack of proper environmental sustainability criteria into the design and maintenance of
asphalt road pavements.

The present work focused on the quantification of a set of impact indicators through
a comprehensive environmental life cycle assessment, according to a “from cradle
to grave” approach, of two alternative asphalt pavement solutions containing high
percentage of reclaimed asphalt pavement incorporated through hot or cold in-place
recycling technologies into the binder and base layers, versus a conventional one.
The results showed that 50% RAP recycling into the binder and base layers achieved on
average 18% reduction of the global warming, terrestrial ecotoxicity, particulate matter
formation and fossil resource scarcity indicators compared to the conventional 100%
virgin solution; nevertheless, the same indicators lowered up to 54% when a cold in-
place recycling of the base layer coupled with a hot recycled binder layer was adopted.
A sensitivity analysis was conducted to detect the influence of the service life of both
the binder and base layers on the outcome of life cycle assessment in terms of global
warming indicator. The results highlighted that the alternative solutions have better
environmental performance than the conventional one if the service life is greater than
4 years, for the hot recycled binder layer, and 12 years, for the cold base layer.

The study allowed the quantification of some environmental indicators and the
identification of the most-sustainable asphalt paving alternative with consideration of a
key aspect for life cycle assessments that is the service life.

Keywords: LCA, sustainable roads, alternative materials, cold recycling
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