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ABSTRACT

Doctoral Thesis “Analysis of Possible Use of Longntination Vehicles for
Divisible Cargo Transport” is designed to analyze possible impact of long combination
vehicle usage for divisible cargo transport on rgafety and transport efficiency. Long
combination vehicles (LCV) complying with the Euegm Modular System (EMS) concept
has been chosen for research object. These LCVallaged in some Member States of
European Union.

The Doctoral Thesis accomplishes seven tasks inresearch areas: legislation, road
infrastructure, and road safety. An analysis oalitgto use LCVs for commercial transport
operations is done by detailed classification afiglocombination vehicles; analysis of
legislative acts of the European Union, Republidatvia and other Member States. The
evaluation of efficiency parameters is done by mheteation of the estimated amount of long
combination vehicle usage in Latvia; creating a huodblogy of simulation model for
analysis of road haulage business projects. Pragnok benefit for Latvian road
transportation companies if typical combinationickds (widely used truck with semi-trailer
and truck with trailer) would be replaced with LC¥Bd comparative financial analysis of
road haulage business projects (road haulage psajealized by using typical combination
vehicles and LCVs) is conducted by using simulatieodel.

An analysis of maneuverability characteristics ohd combination vehicles and
determination of opportunities to use the existimad infrastructure are done in the Doctoral
Thesis. The analysis of road safety issues relatése usage of LCVs is done by theoretical
calculations, graphical simulations, and matherahtiprediction model. Theoretical
calculations results of overtaking maneuvers arepared with experimental measurements
on roads. Developed mathematical model identifies dssociated factors for large truck
accidents on two-lane rural highways and provideefuls recommendation for the
improvement of highway safety

Key words: long combination vehicles (LCVs), effeeness analysis of road haulage
projects, mathematical models, maneuverabilityhef LCVs, overtaking maneuvers, causes
of truck accidents.
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1. TOPICALITY OF RESEARCH

In 2004, public organization representing severahternational road
transportation/haulage companies in Latvia conthEtepartment of Automobile Transport
at Faculty of Transport and Mechanical EngineeliRgga Technical University) with an
offer on cooperation to conduct research aboutonati and international restrictive
legislative norms on vehicle dimensions, axle loadsl total mass of vehicles. Latvian
transport companies wanted to know why they feglglare unfair competition conditions in
the international freight market. The perceptiorunfair competition formed provisions in
the national legislation of Sweden and Finlandweithyy cargo transport services within the
25.25 meters long vehicle combinations for divisibhrgo in the domestic freight market. In
this way, Latvian hauliers have been denied frooméqpportunity. Currently, Denmark and
the Netherlands allow the use of LCVs on the maads. As a result, international freight
traffic from the western ports to Russia is tramsgbthrough the North European countries.
The interest of Latvian road haulage companies 4@ bong combination vehicles for
commercial transport operations underlined the rieed thorough study of the problem.

An initiated discussion of the European Commission several European Union
Member State governments as well as a number e&rels projects on the availability of
LCVs for commercial transport operations confirthe topicality of the conducted research
and the developed Doctoral Thesis. Regional studiptemented in several Member States
of the EU obtained different results on the rektivenefits, environmental pollution
reduction, modal dominance on the market and pasamef road safety caused by use of
Long combination vehicles. In 2009, several inteig®ups have emerged in Europe to
express the both views for and against the intrboinof Long combination vehicles.

An engineering research of the potential impactghef LCVs usage has not been
conducted in Latvia so far. The Doctoral Thesis wasied out just for transport research
purposes. The author sets out only the study mestiie content of the Doctoral Thesis is not
an attempt to defend a particular view of sociaty, is it an attempt to promote or hinder the
use of Long combination vehicles on Latvian roads.

2. OBJECTIVE AND TASKS OF RESEARCH

The aim of the Doctoral Thesis is to analyze thggmted impact on road safety and
transport efficiency resulting from the possiblee usf long combination vehicles for
commercial freight services of divisible cargosvé&al tasks have been set to achieve the
objective; an overview of study progress, resuitd aonclusions are summarized in the
Thesis subchapters. Each subchapter is devotetktpanticular task.



The main tasks for research are:

1. To analyze types of long combination vehicles (Emthan the standard European
combination vehicles); to develop classification, define the research object for
Thesis (configurations of analyzed LCVs).

2. To determine restrictions in legislative acts ofpRelic of Latvia and European
Union on the use of long combination vehicles fansporting divisible cargoes and
LCVs could be used in traffic on general-purposads) to make proposals for
solving problems and for possible revisions ofségion.

3. To determine the possible extent of use longer @oation vehicles (potential to
replace typical/standard combination vehicles Wi@Vs by not to exceeding the
axle load and total weight limits) in the intere@l road haulage sector serviced by
Latvian haulage companies.

4. To determine the maneuverability parameters ofdormpmbination vehicles at low
speed, when different configurations of LCVs amitug to the opposite direction or
turning by 90 degrees, or entering/exiting the payldot designed for trucks and
trailers.

5. To determine the effect of length of road combirativehicles on overtaking
maneuver parameters (length and duration of ovedakaneuver) and on potential
risk of road traffic accidents.

6. To determine a quantitative relationship betwees phobabilities of road traffic
accidents occurrence involving commercial road elekj road geometric, and road
traffic characteristics/parameters of two-lane Iruhbighways. To analyze the
relationship between single-vehicle large truckideats (accidents where only one
vehicle is involved) and design features as wetra$ic flow parameters of two-lane
rural highways.

7. To determine the potential effectiveness (chandgesperating costs, commercial
project's economic and financial parameters) ofgkmcombination vehicles by
analyzing haulage commercial projects where tyfstahdard European combination
vehicles are replaced by LCVs.

3. RESEARCH METHODOLOGY AND USED METHODS

The Doctoral Thesis is the first transport reseamdnk in Latvia where a detailed
evaluation of possible consequences of long conibmarehicle usage is realized. The
selected research methodology is appropriate fanvexational research norms and
principles: all used research data are identifeth part of the research methodology is
described, the research work sequence is succhssimained, and the research process is
repetitive.



1.

Research methodology and research methods used:

Individual research methods (information gatherargl processing) and cognitive
techniques (grouping of information, analysis amydtisesis) are used to analyze
types of longer combination vehicles, to devel@ssification of types, and to define
the Thesis object. Previous studies and reportBickee manufacturers’ technical
documentation and legal documents (standards, lams)used for solving the
research task.

Individual research methods (collecting and praocgssformation) and cognitive
techniques (grouping of information, analysis agdtisesis) are used to determine
restrictions on usage of longer combination vekiatelegislation of the Republic of
Latvia and the European Union, and to make propdsalpossible amendments to
legislation acts. Legal documents of Latvia and opean Union (standards
legitimated in definite national territories, natéd and international legislation), and
previous research results are used for solvingstmond research task. Possible
guidelines and amendments for legislation (if thewauld be positive decision on
usage of LCVs in Latvia) are conducted by usinghmeétof induction and synthesis
of information.

Methods of statistical analysis are applied to wheitee the possible extent of use
longer combination vehicles by Latvian companiesrapng in the international road
haulage market. The statistical analysis of frefihw parameters in road transport
sector is conducted using data sample (data basatedr for study) of
records/documents accompanying the consignmenherrips of Latvian haulage
companies in the international freight transportrket to and from third part
countries (TIR carnets). Data from Latvian Cen8#dtistical Bureau, the European
Union's statistical officecurostat and information from previous research projects
are used in addition. Sample data classificati@ha@mparison, descriptive statistical
analysis, calculations of the mean and relativeieslof parameters are conducted.
Parameters restricting the maximum cargo volumesprarted by one road vehicle
are determined using data sample. The possiblateateuse longer combination is
calculated in accordance with the dataset procgsssults.

Experiments are made using PC-Crash 8.0 computgram for graphical models to
determine the maneuverability characteristics oigl@aombination vehicles at low
speed. Through computer simulation experiments,enmagring characteristics of
LCVs at low speed are calculated in various roaghtions: turning maneuver to the
opposite driving direction, turning at intersection90 degrees with small and large
rounding, parking at commercial vehicles parkingacpl Experiments of
maneuverability parameters of long combination eelsi are conducted in the
accordance with regulatory restrictions. To perfoommputer simulations and
experimental data processing, an analysis methoeuvsloped for determination of
maneuverability parameters of LCVs by measuringinigi corridor width and length
at 90 degrees turn. Experiments are conducted usiagl infrastructure in
accordance with standards: LVS 190-3:1999 and L96-71:2002. Experiments of
maneuverability parameters of typical combinatiehieles are conducted to approve
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results. The obtained experimental data are predesgith statistical analysis
methods; they are compared to similar researchtsesmod legislative requirements.

Experiments are made on general-purpose roadstwalia determine the impact of

length of road transport vehicles on overtaking eusmer parameters. Road users
were not warned about experiments to avoid incorraeasuring results. The

methodology of experiments is adapted to Latviaoucnstances. The experimental
data acquisition is done by filming traffic flowofn the moving car, which was

following a long combination vehicle at visuallyngant distance. The additional

overtaking maneuvers’ parameters are set by a amehy processing recorded live
images (analyzing road markings). After performiegperiments, all results are

combined in the database, where statistical arsmlysi conducted by data

classification and comparison, nonparametric $iedilsanalysis and determination of
relative values. Results of experimental measurésrame compared with the results
of theoretical calculations carried out in accoxawith road safety theory.

Road traffic accidents, which are occurred on @lsircarriageway two-lane road
(one traffic lane to each direction) sections aldsurban areas, and which are
involved one transport unit (truck or combinatiaehicle), are analyzed to determine
the significance of road geometric parameters aaifid flow parameters affecting
road traffic accident risk. A mathematical simudatimodeling is performed to
analyze the influence of traffic flow parametersl éime importance of road geometric
parameters on road accident occurrence with lomgbamation vehicle involvement.
The information about road traffic accidents ocedrin the Washington State (USA)
provided by the U.S. Highway Safety Information t8ys database on road traffic
accidents (scene, vehicles involved, road geometnd traffic characteristic
parameters) is used to perform research. At fingt,adequacy/suitability of several
mathematical distributions to give realible resuits predicting traffic accident
occurance are determined by applying methods ofhenadtical statistics. The
Poisson, the Negative-Binomial, the Zero-InflatedisBon (ZIP) and the Zero-
Inflated Negative Binomial (ZINB) regression modale compared by determining
the t-statistics and by comparative analysis (Vutasg). Statistical data analysis and
suitability test of theoretical mathematical distrions are conducted using MS SQL
2005 and SYSTAT 11 software. The Zero-Inflated NiegaBinomial mathematical
prediction model is determined as the most appatg@riThe significance of road
geometric parameters and road traffic parameteacs paobability density function is
determined by developing the mathematical predictimodel. The mathematical
prediction model is developed by using the softwBre2.7.1 and the statistical
module "pscl".

. An analysis of international road haulage commeérgioject costs including
breakdown by cost items and a comparative analg$isLatvian company's
commercial road project performance indicators i{ifp and long combination
vehicles are used to provide road haulage opesjtisnconducted to determine the
possible effectiveness of road transport comparmesimercial road projects, where
typical combination vehicles are substituted by ISC¥ffectiveness parameters of
road haulage business projects are estimated hyg ascomputer simulation model.
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The model is developed for analyzing specificathad haulage projects (financial
performance prediction and analysis). Statistioalysis and mathematical economic
methods are used in the computer simulation mod@eta processing and
determination of system parameters over a spegqiemd is performed by using the
MS Excel software and a management program in tBA \énvironment. An
example of road haulage project is used to soleetdbk of Doctoral Thesis (initial
values for project are estimated by expert angly3iee possible effectiveness of
long combination vehicles is determined by compmamsimulation results of road
haulage commercial project parameters, where typité long combination vehicles
are used in equal external conditions.

4. SCIENTIFIC NOVELTY

The main scientific novelty of the conducted Doatdrhesis research is:

1. The method for quantitative comparison of maneuuéta parameters of different
configurations of long combination vehicles hasrbeeveloped; the method has
been applied to evaluate the maneuverability patensmd.CVs taking a turn by 90
degrees (with different corner radius of curvaturdgleasurable and comparable
turning maneuver parameters have been established.

2. A mathematical forecasting model has been develdpedientify significantly
affecting highway geometric and traffic flow paraers and to evaluating their
influence on the potential risk of traffic accidemhvolving only one transport unit
(truck or combination vehicle).

3. A computer simulation model has been created foasmeng and prediction an
efficiency of road transport companies' businesgepts.

5. PRACTICAL IMPORTANCE

Practical importance of the carried out researah#acterized by:
1. The research results are used for constructiveoglial between representatives of
Latvian haulage companies and Ministry of Transpbittatvia about possibilities to
start useing LCVs for commercial transport on roads

2. Proposals and practical recommendations develapdukei Thesis work for possible
harmonization of legislation in order to avoid deggancies and inconsistencies in the
area of long combination vehicle useage have bedomisted for further
consideration to the association "Road Carrierogission "Latvijas auto".

3. The results of carried out engineering studiesrianeuvering capabilities of longer
combination vehicles according to the Latvian rodthstructure have been included
in a number of infrastructure research projectgcsic recommendations will be
used in developing futher road design project renemdations.
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4. Developed computer simulation and forecasting moiel evaluating haulage
business projects’ effectiveness is used for fatog efficiency and for analyzing
performance of both passenger and freight transporiness projects (both
international and local) in research and advisooykw

6. APPROBATION OF RESEARCH RESULTS

Conferences:

1. The 45th Scientific Conference of Riga Technicaivdrsity. Section: “Production
Engineering and Transport”. Riga, Latvia, Octobér 2004. Report: “Permissible
Length of Road Freight Vehicles and Compositioniglels”, Author: Grislis A.

2. The 63rd Conference of University of Latvia. Coefece section: "Management
Science", Subsection "Marketing and Logistics". Rif¢atvia, February 3, 2005.
Report: ,Transportation in Supply Chains”, Auth@rislis A.

3. The 46th Scientific Conference of Riga Technicalvdrsity. Section: “Production
Engineering and Transport”, Subsection “Road Trartggion”. Riga, Latvia,
October 13 — 15, 2005. Report: “Overtaking of Camaliibn Vehicles”, Author
Grislis A.

4. The 9th International Conference of Kaunas Univgrsf Technology; “Transport
Means — 2005”; Section: “Automotive Transport”. Kas, Lithuania, October 20,
2005. Report: “Efficiency Improvement of Road HadaUsing Long Vehicle
Combinations”, Authors Grislis A., Kreicbergs J.

5. The 47th Scientific Conference of Riga Technicaivdrsity. Section: “Production
Engineering and Transport”. Riga, Latvia, Octob&r 2006. Report: “The Modeling
of Maneuverability Situations of Long Combinatioehicles”, Author: Grislis A.

6. The 10th International Conference of Kaunas Unitiersf Technology. Section:
“Automotive Transport”. Kaunas, Lithuania, Octobet9, 2006. Report:
“Maneuvering Situations Modeling of Long Combinativ'ehicles”, Author Grislis
A.

7. The 49th Scientific Conference of Riga Technicaivdrsity. Section: “Production
Engineering and Transport”. Riga, Latvia, Octob8r 2008. Report: “Research of
Road Traffic Accidents Involving Freight TranspWehicles”, Author Grislis A.

8. The 50th Scientific Conference of Riga Technicalvdrsity. Section: “Production
Engineering and Transport”, Subsection “Road Trartgtion”. Riga, Latvia,
October 13, 2009. Report: "The Analysis of Inteim@dl Commercial Cargo
Transport Volume Provided by Latvian Haulage Conmgsin Possible Usage
Analysis of Long Combination vehicles", Author: &is A.

9. The 51st Scientific Conference of Riga Technicalversity. Section: “Production
Engineering and Transport”, Subsection “Road Trartggion”. Riga, Latvia,
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October 14, 2010. Report: “Analysis of Economicé#fieEtiveness of the Usage of
Long Combination Vehicles”, Authors Grislis A., Kebergs J.

10.The 51st Scientific Conference of Riga Technicalvdrsity. Section: “Production
Engineering and Transport”, Subsection “Road Trartggon”. Riga, Latvia,
October 14, 2010. Report: “Comparison of Commerétalad Transport Project
Economic Efficiency”, Authors Kreicbergs J., GrisA.

Publications:

. Grislis A., Liberts G., Kreicbergs J.. Efficienapprovement of Road Haulage Using
Long Vehicle Combinations // Kaunas University a@chnology, Proceeding of the
9th International Conference “Transport Means 2005” Kaunas, Lithuania:
“Technogija”, 2005, pp. 56 — 58.

. Grislis A., Liberts G., Kreicbergs J.. Investigatiof Haulage by Long Vehicle
Combinations in Latvia //, Proceedings of the liatlernational Conference “trans &
MOTAUTO’05+", Volume Il. — Sofia, Bulgaria: “Scieific-technical union of
mechanical engineering”, 2005, pp. 266 — 270.

. Civ¢isa G., Gmslis A., Janauska J., Liberts G., Reds J., Salenieks N.
Engineering/Managerial Education for InternationBusiness Knowledge in
European Small Countries // “Latvijas Lauksaimifias universite”
“InZenierprobémas lauksaimni@ba” Proceedings of the International Scientific
Conference. — Jelgava, Latvia: 2005, pp. 6 — 14.

. Grslis A. Produktu transp@$ana piegzu kédes // Latvijas Universiites raksti;
Ekonomikas vaibas ziatnes srija; Volume 696. — Riga, Latvia: “Latvijas
Universitite”, 2006, pp. 112 — 122.

. Grislis A., Liberts G.. Dalmu kravu @arvadajumi ar gariem autotransportedteKu
sastviem // “RTU ziratniskie raksti”, Series 6, “Maszinatne un transports” Volume
25; — Riga, Latvia: 1zdevnidea “RTU”, 2007, pp. 75 — 84.

. Grislis A., Liberts G.. Autotransportadzelu sasivu apdzSana // “RTU ziatniskie
raksti”, Series 6, “Ma®zinatne un transports” Volume 25; — Riga, Latvia:
Izdevniedba “RTU”, 2007, pp. 65 — 74.

. Grislis A.. Longer Combination Vehicles and Roade8a Transport, Journal of
Vilnius Gedeminas Technical University and LithuimmiAcademy of Sciences. — Nr.
25 (3), 2010, pp. 336 — 343. doi: 10.3846 / transp010.41.

. Grislis A.. Kravas autotransportazelu sasivu cdu satiksmes neggdmu rasSaas
risku ietekngjoSo parametru ari@ae // RTU ziatniskie raksti, Series 6,
.MasSinzinatne un transports” - Riga: lzdevniba ,RTU” (article accepted for
publication in the November, 2010).
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7. STRUCTURE OF DOCTORAL THESIS AND SUMMARY OF
RESEARCH RESULTS

The Doctoral Thesis consists of introduction, fobapters, conclusions, bibliography
and seven appendices. Lists of images and tabists,of used abbreviations, and
acknowledgments available in the content of thesigheork.

Chapter 1. State of the Art Review

The first chapter of the Doctoral Thesis defineseegch problem and gives a
chronological overview of development, it descrilties process of strategy and systematic
approach to research. By analyzing dynamics obhestl growth of road transportation and
problems related to this issue, it appears thaetieneed to seek new solutions to meet
growing demand for cargo transport. One of the iptssproblem solving solutions is usage
of longer combinations of freight transport vehscfer long distance cargo transport.

Chapter 2. The Classification of Long Combination \éhicles
and Analysis of their Possible Usage

The second chapter of Thesis has two subchapteck, &ldressed to separate pre-
defined task. Each subchapter describes one caedpbetrt of research.

Subchapter 2.1. Classification and Analysis of theong Combination Vehicles’
Types

Subchapter identifies long combination vehiclepdy, classifies them, and defines the
configurations of the long combination vehicles. cAmparative analysis of technical
parameters of combination vehicles with increasedl tength used in the North America,
South America, Asia and Australia was carried auhis study.

The specificity of Doctoral Thesis research is asged with long combination
vehicles. Detailed classification of long vehictentbinations (with increased total length) is
done to define the research object of the Thesithi$ classification, a combination vehicles
with increased total length used in the Europe,tiNéimerica, South America, Asia and
Australia is included. The classification divideBetlong combination vehicles (with
increased total length) into three parts:

1. Extend vehicle configurations - one of the vehidi@sning combination vehicle is
longer than standard road combination vehicleshen geographic region; In some
cases, combination vehicle does not exceed the muewilength of combination
vehicles allowed for other type combination velsdlethe definite region.

2. Bulky vehicle configurations — combination vehicléesigned for special and
indivisible freight transportation; some of vehglare longer than permitted in the
region.
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3. Long configurations vehicles — combination of raadhicles where each of separate
vehicles individually meets all regional legislaiprovisions relating to vehicle sizes
and allowable axle loads, and total mass, but dmbination of these vehicles is
longer (in some cases there is also heavier) thamiaximum permitted parameters
(see Figure 1).

Longer Combination Vehicles (LVCs)

Exceed typical combination vehicles in length and weight

Separate vehicles do not exceed any standard for length or and weight

A\

4 Y v
Short LCVs Intermediate LCVs Long .CVs
Typical length: Typical length: Typical length:
25.0 - 26.0 m (3 TEUs) 26.0 - 30.0 m (4 TEUs) 36.0 - 53.5m (6 TEUs)
Typical gross weight: Typical gross weight: Typical gross weight:
50.0 - 68.0 metric tons 60.5 - 85.7 metric tons 62.0 - 125.5 mettic tons
Representatives: Representatives: Representatives:
"9 B-Double (Australia, USA, Intermediate Double (USA), Road train (Australia),
Canada) P Rocky Mountain Double Tutnpike Double (USA),
(USA), Rodotrem Triple (USA)

Comptimento (Brasil)

Figure 1. Classification of Long Combination Vehiocks

Long combination vehicle with the maximum total dém of 25.25 meters (transport
capacity 3 TEU) has been chosen as research oelected type of long combination
vehicles is defined in Directive 96/53/EC as thedpean Modular Concept combination
vehicle. The principal schemes of most frequenfigduLCVs configurations in the Europe
are given in the Figure 2.

Configurations of long combination vehicles, whabt not comply with the European
Modular Concept ("D", "E" and "F" configuration)ave been analyzed in the work as well.
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Conceptual scheme of ,A configuration” long comhioa vehicle (lorry coupled with a standard
semitrailer)

Conceptual scheme of ,B configuration” long combiima vehicle (a truck coupled with semitrailer
and central-axle trailer)

Conceptual scheme of ,,C configuration” long comhima vehicle (a truck coupled with specific
construction semitrailer and standard semitrailer)

Figure 2. The most common configurations of long eobination vehicles in Europe; all
configurations comply with European Modular Conceptprinciple

Analysis of possible technical parameters and céwgd capacities of all indicated
configurations of LCVs has been analyzed in thesighaletermined potential volume and
weight of transported cargo. All configurationsesednt to European Modular Concept
principle hold freight area volume up to 30% higtiean the standard combination vehicles.

Subchapter 2.2. Analysis of the Legislation Regulatg the Usage of Long
Combination Vehicles

Subchapter examines the requirements of legislatidhe European Union, Republic
of Latvia and other Member States for the technregluirements of single vehicles and
combination vehicles in order to be permitted te tleem for divisible cargo transportation
operations, and to be allowed for road traffic el roads. Legislative rule discrepancies,
prompting proposals and practical recommendationsefislative action to harmonize laws
have been identified in the study.

After research of the national legislation of savdfuropean Union Member States
(Latvia, Finland and Sweden) and European Unionleggry directives and regulations has
been stated:
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1. The legislation of Latvian Republic has equal nortosthe European Union
documents. Specific exceptions for the dimensidngebicles, axle load and total
weight have not been set out in the existing lagjsh of the Latvian Repubilic;

2. The combination vehicles relevant to the EuropeaodMar Concept are not
permitted in territory of the Republic of Latvia;

3. In the national legislation of Latvian Republicetbpecific coupling trolley (dolly)
has not been defined, there are no possibilitiethfr use;

4. The transportation of indivisible bulky goods allewsed in the Latvia;

5. The legislation of EU allows Member States to uke tnodular concept long
combination vehicles for national transport of dile cargo: Finland and Sweden
are using these possibilities in their nationaidiegion;

6. The legislation does not strictly define the EUssipon in situations where two or
more States bordering to each other allow the EaopgModular Concept vehicles
usage for the domestic market of each Member Stateish and Swedish transport
companies have a chance to make transport opesatshipping divisible cargoes)
to/from Russia with the European Modular Conceptlgimation vehicles;

7. European Union Member States may make test trigmsirortation by road vehicles
or combinations that do not meet one or more requénts of the European Union
Directive. Series of experimental transportatioreragions and tests have been
accomplished using different configurations of w8 including long combination
vehicles in the Netherlands;

8. The coupling trolley (dolly) has not been precisdsfined in the European Union
regulatory documents. According to Directive 97EXZ/ dollies are considered as a
part of vehicle converting a semi-trailer to thewlbar trailer. There is no clearly
defined, is dolly a vehicle or a part of other \ob

9. In some European countries (e.g. Great Britain,naey, and the Netherlands),
series of pilot transportation services have beenead out for the assessment of long
combination vehicles, which do not comply with thenciples of the European
Modular Concept.

There are several discrepancies and inconsisteetgeen Latvian Republic, the
European Union and other Member States' natiogal&ion in areas of long combination
vehicle technical requirements and their usageetiseno common understanding on several
technical and legal matters. Before the possilifeduction of long combination vehicles on
Latvian territory (experimental traffic permitting}t is necessary to amend the national
normative documents, coordinating changes to Eampmion legislation.
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Chapter 3. Effectiveness Analysis of the Usage obhg
Combination Vehicles

The third chapter of Doctoral Thesis has two suptdra, each addressed to separate
pre-defined task. Each subchapter describes ongleted part of research. Chapter deals
with analysis of predicted amount of usage of l@egnbination vehicles for transporting
cargoes internationally and analysis of predicteddfit for road haulage company by
switching from typical combination vehicles to LCWshaulage service operations.

Subchapter 3.1. Analysis of Road Freight Transportton and Determination of
Possible Volume of Long Combination Vehicles’ Usage

Subchapter examines the cargo transport volumetamsbver carried by Latvian
haulage companies in both national and internatiomarkets; it provides freight
transportation (tons) and cargo turnover (tons-Kmmgakdown by commodity groups
(according to NST/R recommendations). Study wasiezhrout using specially designed
database compiled with information from accompagymocuments (TIR Carnet) of
international freight to/from third-party countrie@locuments provided by National
Association of Road Hauliers “Latvijas Auto”), anging publicly available databases.
Statistical test results indicate that the samde ssed for analysis is sufficient to assess
objectively the possible usage volume of long caration vehicles for international freight
transportation to and from third-party countridshds been found that the length of vehicle
cargo space is the primary-limiting factor for tsported cargo volume by one road vehicle
unit. The freight transportation volume has beeremeined where typical or standard
combination vehicles could be substituted with l@oghbination vehicles. According to the
methodology of research, in that way, the trangabdargo volume could be increased per
unit of freight transport without violating the tastive rules of vehicle total mass and axle
load.

The following results of freight transport analyaisd the volume analysis of possible
use of long combination vehicles have been obtained

1. Structure and distribution of the transported patslus significantly different for
domestic and international traffic. Transportedducs and goods in international
transport over long distances often are low voluimdtargo space of combination
vehicles are not fully used). Haulage companiesuaieg full vehicle load (above
90% of the allowable cargo weight) just in 13% a$es.

2. About 39% of cases cargo is transported on 28 aré argo pallets by the Latvian
road haulage companies to/from third party coustrigis corresponds to occupancy
of cargo area above 80%. 33 or 34 cargo palleftztely filled cargo space of
standard combination vehicle) have been transpantetst cases.

3. Detailed cargo traffic analysis shows that the cositppn of cargo space fulfillment
with goods of different groups is different. The sharansported goods by Latvian
international road haulers to and from third comstare (by commodity group):
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a. Machinery, transport equipment, miscellaneous nastufed articles: 30%
of the relative movement of vehicles cargo weighhigher than 80% and
41% of cases, the cargo space fulfillment with ogrgllets are above 80%.

b. Food and livestock feed: 80% of shipments are Witly used cargo space
(more than 80%) and 37% of cases, the relativettefufillment of vehicle
cargo space with cargo pallets is above 80%.

c. Chemicals: 56% of the relative movements the cavgmht is higher than
80% and 60% cases a load space length of trangebitles is filled with
cargo pallets more than 80%.

4. The long combination vehicles (with increased casgace length) are effective in
improving the efficiency of freight transport. Vohetric characteristics of goods by
group are restricting the degree of LCVs usage.

Fulfillment of cargo space

Fulfillment of cargo space of combination vehicles
300%
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Figure 3. The relative fulfilment (humber of cargopallets) of the length of cargo space of
combination vehicles (cargo pallets could be placagp to three one over the other)

5. According to accompanying detailed analysis of gpamt documents, 24% of all
freight transport by combination vehicles could bebstituted with the long
combination vehicles (see Figure 3). This is a weaincrease the transported cargo
volume per freight unit (one vehicle) without vibtey the restrictive rules of total
mass. The length of a cargo space of combinatibiches is primary limiting factor
of transported cargo volume.
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Subchapter 3.2. Analysis of Effectiveness of the bBige of Long Combination
Vehicles

Subchapter analyzes the predicted benefit of Lattransport companies, typical
combination vehicles partially or totally replaced the LCVs in transportation operations.
The analysis is done by developing simulation mddeforecasting efficiency parameters
of commercial haulage project realized by Latviamght transport company. The computer-
forecasting model is developed MS Exce as a number of electronic data tables with
scenarios controlled byisual Basic for Applications programming. Simulation model is
developed for analyzing commercial road transpoojegts; it could be used for forecasting
efficiency and performance of both passenger anthoercial freight transport projects.

The feasibility evaluation of long combination veles and comparative analysis of
commercial road project efficiency indicators hae conducted in two phases. The first
stage: analysis of costs and general breakdowroslyiems for international road haulage
company (providing road haulage operations usipgc&y combination vehicles and long
combination vehicles). The second phase is donddatification and comparative analysis
of efficiency indicators of commercial road haulggeject carried out by Latvian company.

The cost analysis of business project realizatidn raad haulage providing
transportation operations with the standard contlmnavehicles and LCVs results:

1. In the equal conditions of economic activity, comone road transport projects
where standard combination vehicles will be subigtd with the LCVs the total costs
of one traveled kilometer will increase by 24%. Tiesults determined that the
efficiency of business project would sharply deelith increase of empty running
of vehicles.

2. In the equal conditions of economic activity, comamd road transport projects
where standard combination vehicles will be subigtd with LCVs the total costs
per unit of cargo turnover (ton-km) would be rediibg 23% (see Figure 4). Finding
justifies that the usage of long combination vedscfor divisible cargo transport
could lead to benefit of road transport companies.

3. The largest percentage of costs is expenditurtutn(37% - 40%), labor costs (20%
- 22%) and vehicles and other fixed assets depi@cigl5% - 16%). The cost
percentage breakdown of subgroups for haulage éssiprojects realized with
standard road combination vehicles and long contibinet does not change
significantly (about 3%).
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Figure 4. The total costs per unit of cargo turnove(EUR/ton-km) of business project of road
haulage; comparison of business projects realizedith typical/standard combination vehicles
and longer combination vehicles (LCVs)

4. Business project realized by using typical/standanthbination vehicles for haulage

operations has higher liquidity ratio comparingdentical projects realized by using
LCVs. This could be explained by the need to attiegs capital investments (lower
vehicle price) at the beginning of implementatidthe project.

. It is expected that the commercial road haulaggeptavill have higher efficiency (at

similar economic environment used in the develogiadilation model), if it will be
realized by using long combination vehicles. Thateshent is done by analyzing
predicted efficiency parameters for five-year peri®ee Figure 5 and Figure 6 as
example of graphical view of balance sheet of rgailaroject realized in equal
economic environment and carried out by using statitypical road combination
vehicles and LCVs.

. Simulation model developed for commercial road agelproject efficiency analysis

works correctly. Parameters’ values selected byedxmethod are eligible for real
business environment. The simulation model resaits reliable and usable for
evaluation of commercial haulage projects and toaaksport cost structure analysis
(see Figure 5 and Figure 6).
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Figure 5. An example of predicted balance sheet raphical form for international haulage
business project (using standard/typical combinatio vehicles)
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Figure 6. An example of predicted balance sheet graphical form for international haulage
business project (using long combination vehicles)
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Chapter 4. Analysis of Road Safety Elements Influesed by
the Usage of Long Combination Vehicles

The fourth chapter of Doctoral Thesis has threeclsapters, each addressed to
separate pre-defined task. Each subchapter desaitgecompleted part of research.

Subchapter 4.1. Analysis of Maneuverability of LongCombination Vehicles

The maneuverability parameters are analyzed fay tmmbination vehicles moving at
low speed. Using the graphical computer simulationested withPC-Crash 8.0, the inner
and outer radius) of U-turn (turn to opposite drgydirection) and the parameters of turn to
the right (with the internal rim rounding of 8 ad@ meters) has been modeled for six
different configurations of typical combination veles and LCVs. The compliance of LCVs
maneuverability with the legislative requiremengs been determined. The possibilities to
use existing service zones (parking lots, warehgugetrol stations, etc.) for LCVs have
been analyzed in this research part as well. Coenminulation results are compared with
results obtained in the previous studies.

Research results of maneuverability parametersngf tombination vehicles:

1. Long combination vehicles are allowed for use ohlipuroads in several European
Union countries; National legislation in these do@s defines different from
Directive 96/53/EC values of vehicle maneuverappiarameters of LCVs.

2. Computer modeling results show that none of thegl@ombination vehicles
(analyzed "A", "B", "C" and "D" configurations of@Vs) cannot make U-turn (turn
to opposite driving direction) in borders of setaancentric circle defined in the
Directive 96/53/EC (see Table 1). The “A” configtioa of long combination
vehicles (without without the steerable axles) th@snarrowest (7.9 meters) corridor
for turn to opposite direction. The “C” configumati of long combination vehicles
(without without the steerable axles) has the wi@&8.2 meters) corridor for turn to
opposite direction.

3. Computer modeling results show that the out-swifgvehicle rear part for all
analyzed long combination vehicles is less (froh feters to 0.3 meters) than
maximum permitted value (see Table 1).
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Table 1. Summary of parameter values for long combiation vehicles turning to the opposite
driving direction

Cf)rnbmanon vehl.cles a.re. Results of . Results of PC-Crash modeling Complies \X7'11fh
turning to the opposite driving | previuos studies maneuverability
direction in the circle radius of | Corridor width | Corridor width | Rear out-swing | requitements in the

12.5 meters (meters) (meters) (meters) Directive 96/53/EC
Articulated vehicle (16.5 6.74% _ .84 79 0.2 YES
meters)

Lorry with a two-axle trailer <79 6.5 0.1 YES
(18.75 meters)

"A configuration" long

combination vehicle (25.25 7.2%-10.5 7.9 0.1 NO
meters)

"B configuration" long

combination vehicle (25.25 <10.5 9.3 0.1 NO
meters)

"C configuration" long

combination vehicle (25.25 7.51% 10.2 0.1 NO
meters)

"D configuration" long

combination vehicle (18.75 >7.2 9 0.3 NO
meters)

4. Computer modeling results show that all investidakeng combination vehicles

(analyzed the "A", "B", "C" and "D" configuratiorf €CVs) making a ninety-degree
turn to the right (corner rounding of 8 and 12 mejewould take a longer and wider
turning lanes compared to the standard combinatemcle making an identical
maneuver. "A” configuration of long combination w&ks shows good
maneuverability at turn to the right (corner rourgdof 8 meters) taking about 14%
more turning lanes compared to a standard vehiolaposition (tractor with
semitrailer). Computer modeling shows a poorer meeebility for the “C”
configuration of long combination vehicles, whiclakes a turn to the right (corner
rounded to 8 meters) by 5.1 meters longer and &tenmiwider corridor compared to
standard combination vehicle.

The computer modeling results of long combinatiehigles turning to the right at

large corner rounding (R = 12 meters and more) shimat difference between

maneuverability parameters of standard combinatgicles and long combination

vehicles is relatively low. Maneuverability chamxistics of the European Modular
Concept vehicles are 10% to 23% (+0.6 meters t@ widters) worse as for standard
combination vehicles (results of computer modeling.

Computer simulations show that in the service ademssgned for servicing standard
vehicle combinations, it is impossible to drive and to park long combination
vehicles (See the Figure 7 for graphical examplérajectory of LCVs in typical

parking lot). During arrival and departure manesydong combination vehicle is
using parking places and safety zones of other cleshi Leaving the long

combination vehicle at parking, it will reduce piaugklot capacity.
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Figure 7. The maneuver scheme of "A configuration'long combination vehicle entering and
leaving the parking lot

Vehicle models are used without the steerable axtesomputer simulations.
Improved design of vehicles with steerable axled adited the wheel axle position can
improve maneuverability of LCVs.

Subchapter 4.2. Analysis of Overtaking Maneuvers o€ombination Vehicles

The effect of total length of combination vehicles characteristics of overtaking
maneuver and road accident risk has been determinéte subchapter. The number of
overtaking maneuvers and evaluation of overtakimgenvers depending on the difference
of speeds of vehicles has been estimated in tiniopeesearch.

Analysis of overtaking maneuver of combination w8 has been performed in
several stages. At first, theoretically necessargrtaking maneuver parameters have been
calculated for all configurations of long combimati vehicles at different speeds;
calculations based on past studies and mathematetationships of traffic safety.
Experimental measurements of overtaking maneuvdog combination vehicles on major
Latvian roads on daily traffic (without any restioms) have been made at the second phase
of the study. The experimental measurements madg ugleo captured from car following
LCVs. Filming was done through windscreen of the €assenger car with camera drove
behind (with distance of about 100 meters) differmnfiguration of combination vehicles
with the total length of 16.5 meters, 18.75 metard 24.00 meters. Overtaking maneuver
experiments were conducted in 2005, when 24.00 reyédeg combination vehicles were
legally used for transporting divisible cargoes Liatvia (legal exception for short time
period).
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Results of processed videotaping have been enterdtie database; descriptive
statistical analysis of experimental data has lpegformed. Main results of analysis of road
combination vehicles overtaking maneuvers are:

1. By comparing the overtaking maneuvers made at Igg@bd regime on rural roads,
calculated length of the overtaking maneuver, witarreis overtaking 25.25 meters
long combination vehicle, will be up to 13% longeompared to overtaking
maneuver, where typical combination vehicle (18mMgters length) has been
overtaken (see Figure 8).

Speed of overtaken combination vehicle
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_‘“’“' BA\W \, [ I F— — —
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Figure 8. The length of overtaking maneuver dependg on the length of combination vehicle,
speeds of combination vehicle and the speed differee between overtaking car and overtaken
combination vehicle

2. Determined that 25.25 meters long combination Velspeed should be 78.7 km/h to
get the equal overtaking maneuver length to thgtkeonf the overtaking maneuver,
in which car overtakes the 18.75 meters long coathlin vehicle. The speed
difference between overtaken combination vehicld8-+#5 meters long truck with a
trailer and 25.25 meters long LCV 1.3 km/hour (1)6%

3. The length of overtaking maneuver is significardgffected by speed of traffic flow
and by speed difference between overtaken and akwegt vehicle. The effect of
LCVs total dimensions on length of overtaking maregthas secondary importance.
It could not be said that the length of the longnbmation vehicle is the primary
influencing road safety factor. The impact of raesthicles length on the overtaking
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maneuver length decreases with increasing speéatatite between overtaken and
overtaking vehicle.

Legal maximum speed reduction of long combinatiehieles (e.g. up to 70 km/h)
will increases the number of overtaking maneuvdr&@Vs. Traffic flow creates
high safety risk in which heavy cargo transporttsiigre moving at different speeds
and are doing reciprocal overtaking maneuvers.

Results of experimental measurements of overtakiageuvers on Latvian roads are
close to theoretical results. A correlation betwesgreed difference of vehicles
involved in overtaking maneuver and length of oakeh road combination vehicle
has not been observed in the measurement results.

Drivers of overtaking cars are choosing speed duogrto specific traffic situation;

about 70% of the overtaking maneuvers are performigad up to 20 km/h speed
difference between overtaking car and overtakenbooation vehicle (see Figure 9).
By comparing parameters of overtaking maneuversputild be observed that the
difference of average duration of overtaking maresivnvolving 18.75 meters and
24.00 meters long combination vehicles is 1.7 séson
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Figure 9. Results of road experimental measurementthe number of overtaking maneuvers
depending on the difference of vehicle speeds

. Overtaking maneuvers of each individual long corabon vehicle are longer and

could be more dangerous. According to conclusidnstiter chapters of the Thesis

work and results of past research findings donethgr authors, the total number of

road vehicle units (number of heavy cargo vehiaheay be reduced on road by using
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long combination vehicles. Thus, it is possiblerédduce number of slower moving
vehicles in traffic flow and it is possible to rewutotal number of overtaking
maneuvers. Specific studies should be conductedthdrstical justification of this
statement.

> 250952005
115:511540

Figure 10. A shot from video material of experimerdl data obtaining process where dangerous
overtaking maneuver has been fixed

Overtaking maneuver of long combination vehicletorgyer compared to overtaking
maneuver of standard/typical combination vehiclé® extra overall length of LCVs is only
one of the factors affecting parameters of ovent@gknaneuver. Drivers’ discipline in Latvia,
driving culture and technical condition of roadragtructure highly affect road safety and
danger of overtaking maneuvers in particular (edarop Figure 10).

Subchapter 4.3. Analysis of Parameters Influencinthe Occurrence of Road
Traffic Accidents of Freight Transport Vehicles

Impact assessment of traffic flow parameters amad geometric parameters on traffic
accident risk involving freight transport vehicleas been accomplished in this subchapter.
The mathematical prediction model using Zero-lefthtNegative Binomial (ZINB)
theoretical distribution has been developed forntjtetive analysis of impact parameters.
Mathematical modeling was done using several datsbancluding information on the
situation in Washington State of the U.S.A. georogiarameters (elevations, longitudinal
profile) of all two-lane road sections in the Wamjion State and accident characteristics
(place of occurrence, vehicle data, driver datadroonditions) of a four-year period has
been used for development of mathematical predictiodel.

Traffic safety theory assumes that number of roazdants that occur during given
period on given length of road section correspogdanthe normal distribution. Since traffic
accidents are discrete events, the Poisson distib(theoretical distribution for discrete
variables) should be used instead of normal digiol (continuous events). In the Poisson
regression model, the probability of having accidents in given time interval at given
roadway section is given by:
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e(—li)ximi

— (1)

it

P(m;) =

Where P(m;) is the probability of roadway sectiorhavingm; accidents during the
given time interval and; is the Poisson parameter for roadway sedtion

The relationship between the expected number ofl @ecidents and the Poisson
parameter could be expressed in terms of mathemhatixpectation: Bn;] = 4;. The
expected number of road accidents (rate of expestedti) is a function of explanatory
variables (parameters) of each roadway section, (;ogdway width, curvature, vehicle-
miles traveled, AADT). Usually, function betweert ¢ roadway parameters and Poisson
parameter is expressed in exponential form:

A; = (X0 = EXP(BX;) 2)

Where B is a vector of parameters being estimated &nds a vector of set of
explanatory variables (parameters of roadway sect®oisson distribution opportunities for
usage in road transport data analysis is desciibéiterature (Washington, et al., 2003),
(Miaou, et al., 1993), (Miaou, 1994), (Lord, et &005). If the Poisson parameter is known,
probability of having road traffic accident on tihth section of roadway could be written in
this form:

Py; = EXP(—A) 3)

Aj
=)

Where P, ; is probability of having zero (none) road trafficcidents on-th section of
roadway in the given time period. The probabiRy determines that road traffic accidents
will occur oni-th roadway section during given period. Furthempprepresents the number
of road accidents (= 1, 2,3, ...).

If the variance of accident data is significantiyder than its mean, the Negative
Binomial (NB) regression model is usually used. Negative Binomial regression model is
close related to the Poisson distribution model @nd created after formulation of the
heterogeneity of data. The expected frequency ofirmence of eachth observation now
could be expressed in this way:

The function EXP(g;) used in the equation (4) is a descriptive termGamma
distribution error with mean 1 and variance The Negative Binomial distribution function
could be written in several forms, one of themssalows:

pamg = L) () ()™ ©®)

F(a~)(m;) \(a~D+A4 (a=1)+2

P_qi

TermTI(...) used in equation (5) is a Gamma function. Thdilked function, based
on probability mass function (PMF), could be writia this form:

L) = ?_1LN[F((Q—1)+mi)( =t )oc‘l( A )mil ©

F(a~H(m;) \(a~D+24 (a=D)+24
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Two types of observing zero traffic accidents aegednined in prediction models of
road traffic accidents. The first type of zero-costate is related to non-occurred accident,
which could occur with some probability in otheripd. The second type of zero-count state
of accidents on specific roadway section determim@soccurred accidents, which are true
zero accident (could not happened in other perpoavell). Both types of zero-count state
appear as zeros in the data set used for matheinptiediction modeling. Zero-Inflated
models are designed to determine if there are dsgreations that are close to or in zero-
count state and are it follows some known countess. It is curtail, how well prediction
model distinguishes between these two types ofzeunt states.

Specific forms of Poisson distribution and NegatBi@momial distribution models:
Zero-Inflated Poisson (ZIP) and Zero-Inflated NegaBinomial (ZINB) regression models
have been developed to solve counting processéslavge amount events in the zero-state
(Washington, et al., 2003).

Algebraic forms of ZIP and ZINB regression modeloovided by Williamson
(Williamson, et al., 2007) are adopted in this e@sk. Assume thaM; is non-negative
integer number of road traffic accidents occurredid4h roadway section, wheré =
1,2,3...N. The probability of having zero accidents occurogdspecific roadway section
during defined time i%;, where0 < m; < 1. According to Y.B. Cheung (Cheung, 2002), if
the random variabl®f; follows to ZIP distribution, than (Williamson, at, 2007):

M + (1 - T[i)e_xi, ja m; = 0

P(M;: =m;) = =AM 7
( i 1) (1_1_[i)e 7\1 ,ja mi>0 ()

Ifi=123..N.
Mathematical expectation of random variable follogvito ZIP distribution is equal
to:E(M;) = (1 — m;)A;, but dispersion is equal tBAR(M;) = (1 — m;)A;(1 + m;4;).
If the random variablé/; follows to ZINB regression distribution, than (\lamson,
et al., 2007):

mi!

-1

1 \“% .
TT; + (1 — T[i) (1+a/1i) , ja m; = 0
P(M; =m;) = F((a_1)+mi) it \ ™ N (8)
(1 B T[i) (e~ (m;hH (1+a/'li) (1+a/'li) Jjam; > 0

Ifi=123..N.

Mathematical expectation of random variable follogvi to ZINB regression
distribution is equal to:E(M;) = (1 —m;)A;, but dispersion is equal td/AR(M;) =
1—-m)2;(1 + (a +1)A;), where a is over-dispersion parameter. & — 0, ZINB
regression model is equal to ZIP model and equd8ptakes the same form as equation (7).

Appropriate prediction model guidelines provided $tyankar (Shankar, et al., 1997)
are used in this research. Method is based onlpesailues of Vuong test and on t-statistics
of over-dispersion parameter. The Vuong statistics (Vuong, 1989) is used tecedeine
which of the theoretical distributions is more agprate for given data sample.

Since for 96.5% of observations (roadway sectiamsjsed data sample there have not
been fixed event (road traffic accident involvingeotransport unit — single truck or road
vehicle combination) during the analyzed time p#rithe impact of zero-count events is
important for accuracy of prediction model.
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Value of statistical parameter of Vuong Non-Nedthgbothesis Test is: V =- 10.175;
it is recommended to use Zero-Inflated predictioodsl. According to test findings, the
Zero-Inflated Negative Binomial (ZINB) predictionaael is chosen in order to determine
the frequency of expected occurrence of traffiaderds.

For each roadway sectiona function of expected occurrence of road tradficidents
involving one transport unit — single truck or tketcailer combination could be written in
this form:

i = (LPEXP(BX; + &) 9)

ParametefL;) used in the equation (9) is length of eathroadway section in miles,
B is coefficient of each parameter, which should dmculated, ande; parameter
characterizing NB regression.

If a risk of road traffic accident has been defimsdnumber of road accidents versus
total vehicle mileage on definite roadway section dpecific period, than function
EXP(BX; + ¢;) expresses risk of occurrence of these trafficcmss.

Data analysis and probability density function aécalated using the software R 2.7.1
and statistical module “pscl’” developed by PolitiGcience Computational Laboratory,
Stanford University (Jackman, 2008).

The obtained mathematical model provides satisfaatompliance with the statistical
data. The modeling result is quantitatively compbrandicators of road geometry and
traffic flow influencing the number of road traffeccidents involving one transport unit:
truck or road combination vehicle. Results are sanmed in Table 2. By analyzing the
results of mathematical regression model, it ctndddtoncluded that:

1. The most influencing parameter of analyzed typesoafl traffic accidents (RTA) is
percentage of trucks in road transport flow onipaldr roadway section. Effect of
parameter is positive: as more trucks moving alivegroad section as higher risk of
road traffic accidents involving trucks and combioia vehicles.

2. The total mileage on each roadway section is tHg parameter that significantly
affects both potential number of RTA and likelihothdht traffic accident will not
happen on this roadway section during definite tiRerameter has positive influence
on RTA risk (as the value of parameter is increasine potential risk of road traffic
accident is growing). On the other hand, the patame only relevant parameter that
determines completely safe roadway segments atz&tgestate of prediction model.
It could be seen in results of modeling that th&bpbility of not having any accident
decreasing rapidly by increase of total mileageach road section.

3. Road shoulder width significantly affects the likelod of analyzed type of RTA.
The minus sign for the estimated value of thisalalg indicates that wider shoulders
decrease number of accidents. Width of right arftl dboulder has been used
separately in model developing stage; however, gudilem as two separate
parameters, they are not significantly affectirslx 0f RTA.

4. Both curves with degree more than 6 degrees ané than 10 degrees have been
found significant. The increasing influence of bdtiese variables indicates that
roadway segments with higher percentage of length stharp curvature have higher
likelihood of large truck RTA. Variables indicatiqgercentage of segment length
with curvature less than 6 degrees are found iifgignt.
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Table 2. Parameters significantly influencing the isk of road traffic accidents taking place on
two-lane road rural segments involving one road trasport unit — truck or road combination
vehicle; Zero-Inflated Negative Binomial estimationof accident expected number

Count Model Coefficients (Negative Binomial with Log Link)

Variable Description of Variable Hstimate Value Standard Error | z value
Constant Estimated constant -3.694 0.193 -19.136
Truck percentage in 0.071 0.005 13.058
TruckPrct traffic flow
The. total mileage of road 0.515 0.051 10.004
MVMT vehicles
The anual average daily 0113 0.017 6,568
aadt traffic flow
o - |Phe rural principal 0.594 0.099 5.981
PrincipArterial |arterial (main road)
' The average width of 0.067 0.020 3973
AveShldWid  |both shoulders
The percentage of
roadway segment length 0.022 0.003 7.587
with degree of curvature
PrcCurveC 6 <=4 < 10 degrees
The percentage of
roadway segment length 0.023 0.003 7 444

PrcCurveD & => 10 degrees

with degree of curvature

Zero-Inflation Model Coefficients (Binomial with Logit Link)

Variable Description of Variable HEstimate Value Standard Error | z value
Constant Estimated constant 2.541 0.186 13.678
The. total mileage of road 10.308 1.970 5033
MVMT vehicles
Log-likelihood with constant only (G) -2467
Log-likelihood at convergence (G) -1979
5. ltis found that grade of roadway has not significafluence on single-vehicle large

truck accidents; none of the grade characters Heen found significant. This
finding is similar to results of other truck acanienodels created earlier.

The highest potential risk of occurrence of roaaffic accidents involving large
trucks is on road sections with large AADT and hpgrcentage of freight trucks in
traffic flow. All the parameters characterizing theaffic flow have increasing
influence on risk of traffic accident occurrence.

According to descriptive statistical analysis, thest frequently occurred type of
road traffic accident involving one transport unitruck or road combination vehicle
is striking appurtenance or striking other statrgnabject (summary 37%) followed

by vehicle overturning (35%). Strikes the end dfestvehicle is the most happening
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type of road accidents involved more than one frarisunits, one of which is truck,
truck-trailer or other road combination vehicle.

Annexes of the Thesis work

Annex 1. Example of Long Combination Vehicles Usagehe European Union.
Information about implementation process of longnbmation vehicles and technical
requirements of European Modular System (EMS) eefiby national legislation of
Sweden.

Annex 2. Used Data and Results of Freight Transpodlysis. Findings from freight
transportation analysis and information about ta@a dample (processed results are shown
in graphical and tabular form).

Annex 3. Previous Research Results Analyzed Cos$tsSR@ad Transportation
Operations. Comprehensive review of previous studrel cost distribution by cost items of
road haulage companies.

Annex 4. The Efficiency Indicators CharacterizingsBess Projects of Road Haulage.
Efficiency indicators and their forecasted changesr the time for one business project of
road haulage company.

Annex 5. The Graphical Model Schemes for Analysts Maneuverability of
Combination Vehicles Developed in program PC-C&éh Graphical model schemes of six
configurations of typical combination vehicles dadg combination vehicles developed for
analysis of road combination vehicles maneuvetgiplarameters (combination vehicles are
making a turn to the right for ninety degrees witle internal rim rounding of 8 and 12
meters).

Annex 6. The Highway Safety Information System (§)SData Base Fields Used for
the Development of Mathematical Prediction Modefoimation of parameters and their
characteristics required for development of thehmiatatical prediction model.

Annex 7. Code in Computer Software ,R 2.7.1.” foeM@lopment of Mathematical
Prediction Model. Code in text form of computer gnam for modeling mathematical
prediction model.

Annex 8. The overall review on the Thesis work aheé review on practical
importance of the Thesis work from Latvian Roadr@as Association "Latvijas auto ".

Annex 9. The review on the Thesis work from theviaat National Association of
Freight Forwarders "LAFF".

8. CONCLUSION

Commercial road freight transport is an importaatt pf the Latvian economy. An
evolution and development of long distance freighuld provide better situation for Latvia
in the international freight transit and transptiota market. The possible implementation
effects of new and innovative technical solution rofd transport vehicles have been
analyzed in the Doctoral Thesis.
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The Thesis work is practical and significant toddeansport industry. The practical
importance of the study is confirmed by reviewsnfrhatvian Road Carriers Association
"Latvijas auto" and the Latvian National Associatiof Freight Forwarders "LAFF". The
initiation and the need of research have been pieinipy managers of commercial transport
companies looking for solutions and possible improents for the transport efficiency.

All the research parts included in the Thesis hagen carried out systematically,
according to the chosen methodology and sciengfearch principles. The Doctoral Thesis
consists of several research parts constitutingcongpleted study and giving answers to all
research objectives and tasks. The goal of Digsamtes fully achieved.

The research has been conducted in four areasibpities of legal use of long
combination vehicles for divisible cargo transpbota operations, efficiency of the usage of
LCVs and opportunities for improving transport ei#fincy, possible impact of LCVs on the
existing road infrastructure and analysis of asdedi road safety problems.

The defended theses of the Promotional work are:

1. By quantitative analysis of transport documentsoagzanying information on
quantity of transported cargoes, it is determirteat LCVs are effective for only
certain categories of goods for long-distance frarts

2. The results of experimental measurements done @iogpto developed measuring
method points out the relatively poorer maneuvditgbof LCVs at low speed,
which may result in additional road safety risk.

3. The results of experimental measurements of oviagakaneuvers on roads of
Latvia show that the increased overtaking maneleregth of longer combination
vehicles should not be considered as the primatiofaaffecting level of road
safety.

4. The evaluation of effectiveness of commercial hgelproject by using developed
computer simulation model has given positive rasulhat sould be assessed when
consedering the possibilities to use LCVs for canahaulage operations.

Number of issues related to possible introductibriloag combination vehicles has
been analyzed in the Doctoral Thesis. The engingegsearch has been made, advantages
and disadvantages of LCVs have been ranged, sewenaputer simulations and
mathematical prediction model have been develoftednakes possible to express the
following statements:

1. According to research results, 24% of all freighansport to/from third party
countries provided by Latvia haulers could be tpanted using long combination
vehicles (switched from typical combination vehg)leThis is a way to increase the
transported cargo volume per freight unit (one efefi without violating the
restrictive rules of total mass. The length of caspace of combination vehicles is
primary limiting factor of transported cargo volume

2. None of the configurations of long combination wis can take U-turn (turn to
opposite driving direction) in borders of concemntircle set defined in the Directive
96/53/EC. Maneuverability characteristics of thiecahfiguration long combination

33



vehicles turning within 90 degrees (at corner wibnding 8 meters and 12 meters)
are 10% to 23% worse (longer and wider turningetiajry) as for standard/typical

combination vehicles (results of computer modelitigys not possible to drive in and

to park long combination vehicles in the serviceaar designed for servicing

standard/typical vehicle combinations.

3. By comparing the overtaking maneuvers made at Isgeéd regime on rural roads,
calculated length of the overtaking maneuver, witareis overtaking 25.25 meters
long combination vehicle, will be up to 13% longeompared to overtaking
maneuver, where typical combination vehicle (18mMgters length) has been
overtaken. The length of overtaking maneuver isigantly affected by traffic flow
speed and speed difference between overtaken amnthkwg vehicle. It could not be
said that the increased length of the long comlmnatehicle is the primary road
safety-influencing factor.

4. The most influencing parameter of road traffic deaits involving one transport unit
— truck or combination vehicle is percentage otksuin road transport flow on
particular roadway section. The total mileage otheaoad section is the only
parameter that significantly affects both the pb&nnumber of road accidents
occurred and the likelihood that there will occuna traffic accident in specific
time.

5. There are several discrepancies and inconsistentitegislation of the European
Union, Republic of Latvia and other Member Statedlonal legislation in the field
of usage of road combination vehicles; there isamsensus on several technical and
legal issues; the usage of LCVs is possible ortigrahaking several amendments to
the normative documents.

6. It is possible to increase the effectiveness ofdgriprojects by using LCVs. In the
equal conditions of economic activity, the totastsoper unit of cargo turnover (ton-
km) would be reduced by 23% in commercial road dpant projects where
standard/typical combination vehicles will be suhstd with LCVs.

Conducted transport research on long combinatiohickes provides additional
theoretical knowledge and practical skills andriproves the researching experience for the
author. Study developer has gained experience gmeering research organization and in
conducting experiments. Knowledge and expertisd b@ extensively used in future
professional activities.

The research results, encouraging discussion amclusion are important for Latvian
transport sector professionals, representativesadé institutions and the transport industry
researchers. The study used a systemic approachthandhethodology used to ensure
adequate accuracy of research results and thetiadfpgrof finding.

The chosen research topic is topical compoundethéyarious expert opinions and
discussions of transport professionals and amorsgarehers. Currently, the possible
consequences related to usage of long combinagbicies are not fully evaluated in the
European Union. The scientific work and researclghtibe continued, specifying and
completing conclusions but this will require adulital specific studies.
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