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Editorial 
Column

MARE President’s
address

After more than a year, the ROADS Journal is back 
with its readers. The Covid 19 pandemic has moved 
us all away from our usual daily routine and attitude 
towards work. Online lectures, zoom meetings, without 
the usual handshakes. Many of us were sick, but we also 
lost dear colleagues and friends. We are experiencing a 
period of life that we will remember, hoping that it will 
not happen again.

Fortunately, in all this situation, the ongoing 
activities related to the construction of roads and their 
reconstruction and rehabilitation were not interrupted 
on the ground, although they were not performed at 
the desired pace. The construction staff and machinery 
continued to work in these conditions, and responded 
to the challenges of the whole situation around the 
pandemic.

The current remission of the pandemic, with the 
hope it will end this year, brings us to the need to 
return to the normal course of the work, since we face 
serious challenges in completing ongoing projects, but 
also defining a priority list of new sections that will be 
started in the coming period.

The two highway sections that are under construction, 
Skopje-Blace and Kicevo-Ohrid, especially the latter 
one, have been the subject of our expert discussions for 
too long, and the public often seeks answers as to how 
far the works have advanced. A final decision should 
soon follow on which new sections will be started/
funded, taking into account the financial stability 
and indebtedness of Macedonia. It is also necessary 
to explain further the construction model of some 
sections that could possibly be executed by the Bechtel 
concern, by adopting a special law in the Parliament. In 
short, a lot of work ahead of us!

The scientific-professional and informative magazine 
RODS invites you to submit your scientific papers to 
us in the future, so that we can publish them and raise 
the level of scientific thought even higher. At the same 
time, I would like to announce the series of expert 
debates, to be organized by the Road Association of 
the Republic of Macedonia in the coming period, for 
the same purpose – greater transparency and serious 
professional debate.

Dear ladies and gentlemen, 
fellow engineers,

It has been more than a year since the onset of the coronavirus 
pandemic. We confronted an invisible enemy who disrupted all 
our perceptions of work, behavior, lifestyle. Everything we knew 
changed. According to the statistics of the Ministry of Health, 
out of those tested, nearly 160 thousand citizens were diagnosed 
with COVID-19. Some were asymptomatic, others with milder 
symptoms, some felt it more seriously, and there were those who 
experienced its extreme (including the author of these lines). 
Unfortunately, some did not make it. More than 5 thousand 
people. As if a whole small town in Macedonia had vanished.

Recently, the numbers have started to decline, and doctors 
say we have developed herd immunity; unfortunately in a more 
difficult way - naturally. Vaccination is underway. The end of the 
evil disease is in sight. After all, we need to stay cautious; citizens 
should be more responsible in their behavior, and the competent 
health authorities expeditious in their response.

This period saw the cancellation of all congresses, seminars, 
in a word, all important events. The first event to be held was 
the 45th International Road Conference "CESTE 2021" in Rovinj - 
Croatia, and the Road Association of the Republic of Macedonia 
was a Partner of the event for the second year in a row.

This year, RAM is, for the first time, a Partner of the 14th 
National Conference with international participation of the 
Republic of Bulgaria.

At home, the new Law on Construction is a current topic. It is 
probably one of the most commented laws since its enactment 
in 2009, with more than 20 amendments, several consolidated 
("barely") texts and a record holder regarding rejections by the 
Constitutional Court. In 2019, the first version of the Law was 
made public, and already in December 2020 the second draft 
version was prepared, but with the same downsides. Although 
the professional community had constructive suggestions, the 
changes in the first and second versions were minimal.

The Law simply does not seem to deal with roads and railways. 
In the past few years, but in the following years as well, the 
Republic of Macedonia is experiencing a large investment cycle 
in the transport infrastructure, roads and railways (construction 
of new highway sections, expressways, rehabilitation of hundreds 
of kilometers of existing roads), large financial investments 
are being made, and the new draft law fails to reflect all this. 
It is a matter of capital investments, which are not considered 
appropriately.

Is it possible that we are so indifferent to the importance of 
the transport infrastructure?

The word infrastructure itself has Latin roots and, according 
to the definition, it consists of: "Installations that form the basis 
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of any operation or system", i.e. infrastructure literally means 
foundation, basis, basics. Transport infrastructure means the 
base, the foundation upon which all other fields of a society 
are developed. It is not said in vain that the transport and road 
infrastructure is the bloodstream of a country. According to 
some considerations, only the transport infrastructure, as part 
of the total wealth of a country, is expressed in two digits. In 
support of this thought, I will present again the fact that, after 
the liberation in 1945, there were only 5 km of paved roads 
in Macedonia. Today we have more than 300 km of highways 
and more than 14 thousand km of other roads, which is an 
impressive result of the efforts of fellow road engineers –not 
too many people can boast about such fact. In essence, these 
results are the basis upon which all other fields of society are 
built.

The development of a country is closely correlated with the 
development level and quality of its transport system, and the 
development of the transport system contributes to increasing 
the competitiveness of the Macedonian economy, tourism 
development etc.

To put it simply, there is a general impression among fellow 
"roadmen" that the specifics of the structures belonging to 
the transport infrastructure are not incorporated in the draft 
law.

Unfortunately, it does not end there. Since the adoption 
of the Law in 2009, there is an embedded anomaly in it 
regarding the powers granted to the civil engineers (in terms 
of construction, supervision, design and reviewing). According 
to our higher education system, there are 4 majors at FCV, as 
follows:
- Roads and railways
- Constructive
- Hydro and
- Organization.

The problem is that graduate civil engineers from all majors
receive a common, IDENTICAL work authorization for all types 
of structures (roads, highways, railways, dams, skyscrapers, 
nuclear power plants, windmills...). According to their major – 
education, they are not qualified to work on all structure types; 
rather, each major qualifies the respective engineers to work 
within their specialty.

This is perfectly clear to all civil engineers, but to clarify it 
for the public I will paraphrase with the following example: 
Imagine that you have a terrible toothache and instead of 
going to a dentist to ask for help, you go to a cardiologist. 
I do not believe that anyone of us has done this so far. If we 
would not do that for a toothache, why would we do it in the 
construction profession, in the investments and ultimately to 
the country?

So where is the solution? Simply put, in many countries, 
there is a noticeable tendency to issue authorizations 
according to narrow specialties, i.e. authorizations according 
to what they have studied, which gives priority to expertise, 
quality and professionalism. Not wanting to burden you with 
additional explanations in support of this, let me just say that 
for every "why", countries that are more advanced than us have 
a "because" – we only need to follow them.

The benefits of adopting the principle of granting 
authorizations based on specialties-majors, can be classified 
into several groups: 
	political,
	economic,
	scientific-professional, etc.

	The political benefit is a complex one, representing an
expression of the resolute attitude of the citizens of our
country for economic prosperity of RM, approximation of
our legislation to the EU regulations etc. In a few words,
bringing the EU to Macedonia.
	The economic benefit has two components: the first one

relates to the human resources, and the second one is
material, in terms of the quality obtained for the funds
invested. During this investment cycle, the engineers will
be able to work on the part they have been trained for;
there will be no mixing and overlapping of expertise; rather
cooperation and complementarity will develop. As for the
second component, it is not irrelevant what quality these
newly built capital investments will deliver, which will be
important not only to our generation, but their benefits
will be used by future generations. All this will result in
optimization of the funds invested by the state.
	Scientific-professional benefit. The needs of the labor mar-

ket will lead to the regulation of the required newly trained
professional staff. This will overcome the problem with the
number of students, as well as leveling the number of stu-
dents by majors, in accordance with the real needs for rel-
evant engineering staff in the economy.
It is expected that the introduction of specialty-based

authorizations (by majors) will contribute to further practical 
professional development of the engineering staff, which will 
significantly improve the work quality in the construction 
industry.

In its content, however, this draft law goes even further: it 
"upgrades" the existing law. Namely, it foresees that, besides 
civil engineers, architects be responsible for the infrastructural 
facilities as well? Two questions logically arise: 1. What is the 
role of an architect in the construction of a highway or railway? 
2. What do architects study in this particular field and what will 
be their contribution?

In the end, I think that both the lawmaker and the professional 
field have a common goal – enactment of a Construction Law, 
which will reflect the interests of the profession, and will have 
significantly better performance in relation to the previous 
one, but also to the proposed one. If the goal is common, then 
it is necessary to have wisdom and vision, to make the right 
decisions today, for a better tomorrow.

It is necessary to have civil engineers involved in the drafting 
of the Law, in medias res (acting immediately), then to 
develop a professional debate and accept proposals from the 
engineering profession, so that they can become an inherent 
part of the new Law on Construction.

Prof. Dr. Goran Mijoski, 
President of the MARE
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Interview With Blagoj Bochvarski, 
Minister Of Transport And Communications

H
ow would you assess the overall condition of the 
road network in Macedonia??
We are creating a new modern and quality 
traffic network, offering new routes that 
will enable faster transport of goods and 

services. We have a well-developed road network 
and you will agree that today, as never before, 
we have the strongest focus on the construction 
and rehabilitation of Macedonian roads. However, 
we believe that we can always incorporate new 
experiences in the continuing modernization in 
the period ahead. This is exactly the focus of this 
Government and the line ministry I lead. We have a 
geographically strategic position where two Pan-
European Corridors 8 and 10 pass, but we must 
keep in mind that the neighboring countries are 
also developing in terms of infrastructure.
Our intention as a Government is to maintain this 
strategic transport position in the Balkans and 
invest in modern routes that offer new alternative 
markets and faster transport for domestic and 
European transport companies. The projects 

we are working on are part of the National 
Transport Strategy 2018-2030 and its Indicative 
Implementation Plan.
The plan has been translated into 104 specific 
activities and, through its implementation, we 
are developing a harmonized transport system, 
compliant with and integrated in the European 
transport networks, which will improve the 
economic efficiency and security.

W
ould it be correct to say that we are in an 
intensive investment cycle concerning the roads 
in Macedonia?
It has already been several years 
since we entered a strong investment 

cycle through the modernization of the road 
infrastructure. We are continuously investing in the 
development of the road and railway infrastructure 
and the figures speak for themselves. Beginning 
in 2017, over 1000 km of road network have 
been constructed and rehabilitated. At this very 
moment, we are actively working on about 300 km 
of roads, meaning that we have invested a total of 
about 825 million euros. Recently, Prime Minister 
Zoran Zaev announced a multi-year investment 
plan of 2.7 billion euros related to road and rail 
infrastructure. These are serious projects that 
contribute to the economic development of the 
country. And there will be no backing down on this 
determination.
At this moment, two highways are under 
construction, several other highway sections are 
being designed, then active operations are taking 
place on four expressways, and twenty regional 
roads. We launched the project for construction 
and rehabilitation of local road networks in all 
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municipalities, totaling a length of over 450 km 
and worth 70 million euros. We have already 
started the rehabilitation of 60 km based on only 
the first two calls, and the construction machinery 
is on the ground. Through the Public Enterprise 
for State Roads, we anticipate investments of over 
250 million euros for 2021, which is an indicator 
of our readiness to establish a system of modern 
roads, provide higher level of safety and a new 
transport system for the country.
In the meantime, the bidding procedure to select 
a Contractor for the construction of the railway 
to Bulgaria is underway, meaning that we have 
serious and numerous infrastructure projects 
that will strengthen the country's position in the 
region, while providing a strong impact on the 
country's GDP. We also continue strengthening 
the construction industry as a branch during the 
pandemic caused by the Covid crisis.

W
hat would be your expectations regarding the 
completion of the highway sections under 
construction – Kicevo-Ohrid and Skopje-Blace, 
and the expressways?
When I assumed the position of Minister, 

this issue of the Kicevo-Ohrid highway was a heavy 
burden to me. The problems were detected, we 
found a solution and now we are working hard 
to provide construction companies with new 
working positions. I have formed a team within the 
Ministry of Transport and Communications who 
cooperate actively with the PESR teams and the 
planners of infrastructural projects, and we have 
already achieved great progress in this respect. An 
additional work front has been opened at new 22 
sites, and now the construction companies, that 
are already active in the field, are on the move. In 
the meantime, we are preparing a new Annex to 
the basic contract for extension of the completion 
deadline. I expect that the deadline be extended 
until the end of 2023 and I will demand that this 
deadline be met. We plan to open part of the 
highway for traffic by the end of the year under 
a temporary regime, and our goal is to open the 
sections for traffic successively, as each one of 
them is completed. I would like to assure you 
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that this project is number one priority for the 
Government.
Regarding the highway from Skopje to Blace, active 
operations are underway at the first section where 
the property issues have been settled. From time 
to time, I examine the construction works and I am 
satisfied with their progress in the course of this 
year 2021. With regard to the second stage, from 
the village of Blace to the ring road, we expect 
for the design to be completed by the end of the 
year, so that it can undergo bidding immediately. 
The highway has a special strategic importance 
in terms of the regional development, increased 
economic cooperation with the neighbors, 
meaning that this is the only way for us to deal 
with this project. I believe that in two, two and a 
half years this project will be completed.
In addition, it gives me pleasure to emphasize the 
nice example of road infrastructure construction 
in the shape of the first part of the expressway 
Stip – Radovish, of 23.5 km length, a large and 
important infrastructure project which is the first 
of its kind to be completed before the deadline set 
by the investor.

W
hich highway section’s construction is planned to 
begin next?
As part of our action plans, we work 
intensively on the design of several 
highway sections. Activities are in 

progress on the design of the section Skopje-Blace, 
stage 2. We expect the project to be completed by 
the end of the year and then the Public Enterprise 
for State Roads will announce a public call for 
construction. Intensive construction activities are 
carried out within stage 1, from border-crossing 
point Blace to the village of Blace, in accordance 
with the plan. Furthermore, the development of 
the design for construction of the highway section 
Gostivar - Kichevo, more precisely from Kichevo 
to Bukoychani, is in the final stage. The project is 
part of the construction of highway solution on 
Corridor 8, where, as a country, we have strategic 
plans to set this Pan-European Corridor in motion. 
The construction of this section will be funded 
through a loan from EBRD, and the balance will be 

a grant from the Investment Fund for the Western 
Balkans through the EU. We are considering all 
the options for the completion of several highway 
sections of Corridor 8 and Corridor 10d. In this 
respect, a serious analysis is being conducted, in 
an attempt to reach a public consensus for a joint 
decision in order to deal with these important 
national issues in the field of infrastructure.

A 
memorandum was recently signed with the company 
of Bechtel for the construction of certain highway 
sections of Corridor 8 and the Prilep-Bitola highway. 
Is this the proper model for building these sections, 
having in mind the transparency of the whole 

contractor selection process and the lack of projections as to 
the debt amount reached as a GDP percentage?
As I said, the Government and institutions are 
obliged to consider all options related to the timely 
building of a modern and quality infrastructure, 
and avoid delays and problems already observed 
in the field regarding the work on designing and 
construction of roads. It is clear that the citizens 
want fast and timely implementation of the 
projects, and not blocked sections and projects 
that last for decades. We have concrete examples 
of that. Here is the Kichevo-Ohrid highway. Its 
design process started in 2001 and two decades 
later, we have no final product. Let us take Skopje-
Blace, the design of which started in 2002 and we 
still do not have a finished project here either. In 
the meantime, we have new conditions along the 
route itself – constructed water supply systems, 
gas pipelines and other types of facilities, which 
render the old projects no longer meaningful. We 
have numerous examples that show delays in the 
procedures and therefore we have delays in the 
construction. 
The Republic of North Macedonia needs swift 
action. We have to realize that  the  neighboring  
countries  are  already setting new transport 
routes, so we will not remain silent observers of 
regional developments; we will stay in this race 
in order to maintain the competitiveness of 
the Corridors. For the conclusion of a possible 
agreement with the company, the Government 
will include Consulting and Auditing Houses who 
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will provide accurate guidelines on how to execute 
the agreement, with specific deadlines and market 
prices. When preparing the legal solutions, it is 
important that we ask for the involvement of the 
relevant professional and political public, primarily 
for the sake of transparency and involvement of 
all actors in the society for projects of national 
interest. These projects certainly are national 
interest. Of course, the variants for continuing the 
construction under the so-called Red Fidic model 
will remain an option, unless the state and the 
Assembly are not prepared to enter a new model 
of building the Macedonian roads.

C
an we expect serious progress in the construction of 
the Kumanovo-Deve Bair railway line, as well as the 
completion of the project documentation for the 
Kicevo-Lin railway line (Albania)?
With regard to the railway Corridor 8, we 

are currently conducting the bidding procedure 
for construction of the railway from Kumanovo to 
Kriva Palanka, i.e. stage 1 Kumanovo - Beljakovce 
and stage 2 Beljakovce - Kriva Palanka. The 
bidding procedure is in the final stage and, by the 
end of the year, we expect to select a contractor 
and start with the construction works under this 
investment of about 200 million euros. As for 
the last part of the construction of the railway 
from Kriva Palanka to Deve Bair, through the IPA 
2 program, we have already provided 60 million 
euros. However, considering that the costs for this 
part of the railway exceed 400 million euros, we 
are negotiating the co-funding of this section with 

the EU, meaning that we will probably complete 
the financial structure with grants from the EU 
and international financial creditors. As regards 
the western part of Corridor 8, the project 
documentation has been prepared. There have 
been reactions from UNESCO concerning the 
route along the Lake Ohrid shoreline, but teams 
from the ME – Infrastructure Division are already 
working on resolving this issue. Nevertheless, the 
Ministry of Finance has started the process of 
raising funds for the implementation of this major 
capital project.

D
o you have a clear strategy on how to make the 
most of the available European money to build our 
infrastructure?
European funds are of great importance 
not only to us but all the countries of the 

Western Balkans. During the last meeting with 
the Commissioner Várhelyi, we were made aware 
that the funds were available and that what was 
expected from us were quality projects. This is 
our intention as well; this is why at the Ministry of 
Transport we hire new high-capacity staff, primarily 
engineers, but also lawyers and economists, who 
will bring in freshness to our institution, and will be 
the engine accepting and dealing successfully with 
all the future challenges. In this respect, we are 
intensifying action throughout the country, and 
our plans include all the major capital projects that 
I mentioned. For some of these, we will certainly 
apply through EU funds.
Here I mean the railways and the highway sections, 
and of course, other projects of regional importance.
We are doing our best to build quality infrastructure 
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and I think we are following the right path. In 
addition, I would like to mention that we are part of 
the Transport Community, where we continuously 
harmonize our domestic regulations with those of 
the European Union.

W
e often hear that there is a lack of both willingness 
and capacity for the full implementation of the 
transport corridor 8. What is your answer to that?
Our goals and intentions are precise 
concerning Corridor 8. The plans are 

concrete: we have to build a modern corridor at the 
European level and we are moving in that direction. 
This is why I say that a quick reaction is needed. The 
practice in the neighboring countries shows that 
the design and construction model gives results 
and we believe that this is the way to finish Corridor 
8 quickly. We currently have active projects on the 
Corridor, for example construction of the third 
lane from the border crossing point of Deve Bair 
to Kriva Palanka. Construction operations are 
taking place on the expressway from Kriva Palanka 
to Rankovce. The road section from Stracin to 
Kumanovo is undergoing complete rehabilitation. 
In the western part of the country, construction 
activities take place on the Kicevo-Ohrid highway, 
while the Kicevo-Bukoychani highway is being 
designed. This means that the issue is not about 
the lack of willingness or capacity; we have a clear 
goal and the opportunity for Corridor 8 to become 
reality. Moreover, in parallel with Corridor 8, we 
are working on the reconstruction of a part of 
Corridor 10, section Petrovec - Katlanovo, where 
we completely renovate and upgrade the existing 
infrastructure.

P
rofessional engineering circles have expressed 
dissatisfaction with the amendments to the Law 
on Construction related to infrastructure facilities. 
Have these complaints reached you, and what would 
be your answer?

Transparency is an integral part of the Government’s 
working principles; in comparison with last year 
only, the transparency of the Ministry of Transport 
and Communications has increased by 14.6% 
and we will continue to work in this manner in 
the future. The Ministry and I, as a Minister, have 
always been open for every citizen, to new ideas 
and projects. Especially due to the fact that I am 
part of   the   professional public as an architect and 
I specifically understand all their problems, needs 
and demands. We are implementing the biggest 
reform in the construction industry by amending 
the legislation and I must admit that it is the first 
time the professional public and all stakeholders 
are involved in the process of drafting these key 
laws.
This is how the Law on Urban Planning was passed, 
and this is how the new Law on Construction 
is drafted. I would like to make an appeal again: 
not only are we open to new proposals, but we 
are additionally looking for ideas and solutions 
from all the experts who are willing to contribute 
and be involved in this new time of openness 
and transparency. I am sending an invitation 
and request that we create and build the future 
together. This is the only way to build a better and 
healthier society for all, the only way to protect 
the interests of the citizens and the state.   
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Interview with Bekim Memedi
Director of the Public Enterprise for 
maintenance and protection of magistral 
and regional roads "Makedonijapat"

Mr. Memedi, how would you assess the performance 
of MAKEDONIJA PAT, after you took over the 
management of the company?

In my opinion, the performance of the Public 
Enterprise for Maintenance and Protection of Trunk 
and Regional Roads - Skopje, after I took over the 
management, is more than successful. This is due to 
the implementation of the State Roads Maintenance 
and Protection Program for 2021. With my arrival at 
the head of the company, the program was increased 
from MKD 1,250,000,000.00 to MKD 2,100,000,000.00.

In accordance with the Agreement for Maintenance 
and Protection of Trunk and Regional Roads, the Public 

Enterprise for Maintenance and Protection of Trunk 
and Regional Roads – Skopje has also increased the 
charges for services provided to the Public Enterprise 
for State Roads by 36%.

Also in 2021, the Public Enterprise for Maintenance 
and Protection of Trunk and Regional Roads - Skopje 
created 180 new jobs, most of which are truck drivers 
and road workers as well as support technical staff.

The Public Enterprise for Maintenance and 
Protection of Trunk and Regional Roads - Skopje, in 
2021 procured 15 new trucks equipped with snowplows 
and salt and gravel sprinklers, 5 semi-trucks, 3 loaders 
and 2 new road surface marking machines. 
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What are the common challenges you encounter 
in your daily work?

Various problems that we face on a daily basis are 
directly related to the maintenance and protection of 
state roads and include labor shortages (road workers, 
machine operators, truck drivers as well as technical 
staff, engineers and technicians). Our enterprise 
has been struggling for years with the outdated and 
depreciated machinery, which is almost unusable, 
inefficient and expensive to maintain. Also, during 
the maintenance of the roads (winter, regular, current 
and investment-related), we encounter problems while 
performing road works, in terms of traffic participants’ 
noncompliance with the road-work signs. We often 
work in conditions of alternating traffic flow, in order 
to avoid major traffic jams. This poses a risk to the 
traffic participants’ safety. 

As a public enterprise with great responsibility 
and under public scrutiny, how do you plan to 
improve the situation regarding the maintenance 
of state roads in our country

Roads built with high quality are easier to 
maintain. To achieve this goal, it is necessary to 
perform constant expert supervision over the 
construction. In order to have maintenance that will 
follow modern trends, it is necessary to apply constant 
improvement, monitoring and new technologies and 
trends in maintenance. The current condition of the 
roads should be determined on the basis of data 
collected in the field and with the help of modern 
software applications.

Late in 2019, the First International Congress 
of Roads was held, which provided a huge positive 
experience in terms of application of new technologies 
in road maintenance.  

How would you assess the last winter season, and 
how do you prepare for the next one?

From the winter maintenance standpoint, despite 
the depreciated machinery, the financial situation 
of the enterprise, the lack of drivers and machine 
operators, we believe that we have successfully 
responded to the challenge presented. This is also 
confirmed by the fact that we did not allow any 
road to be closed for traffic due to the presence of 
snowdrifts.

The last winter season was successful, considering 
the workforce and machinery available. We managed 
to deal with this winter season without traffic jams. 
The Action Plan for winter maintenance of state 
roads for the season 2020/2021 was successfully 
implemented. For winter maintenance, roads are 
classified into four priority groups based on the traffic 
intensity, the economic importance, the location in 
the road network and the operational and financial 
capacities.

In terms of winter maintenance, in addition to 
our own machinery, third-party machinery was also 
engaged. All winter stations were supplied with the 
foreseen quantities of abrasive materials for winter 
maintenance (road salt and stone aggregate). For 
the next season, our plans include procurement of 
additional machinery for winter maintenance.
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How would you assess the financial results of your 
operations, in view of the increased raw material 
prices? Is the cooperation with PESR sufficient for 
the financial sustainability of MAKEDONIJA PAT?

When I became Director of the company, I inherited 
a difficult situation and huge debts that we have 
successfully reduced and now we achieved a positive 
operational balance. Making maximum efforts and 
increasing the prices of services we provide to the Public 
Enterprise for State Roads, we managed to implement 
the extensive road maintenance program for 2021.

Thanks to the hard work and engagement of all 
employees of the company, the Annual Program for 
maintenance and protection of state roads for 2021 for 
the first six months has been implemented successfully. 
From what has been said so far, we can be satisfied with 
the positive direction that the PE "Makedonijapat" is 
following, which gives us hope that we are close to the 
final goal, which is to make our enterprise stand strong 
on its feet. 

What is the situation with the machinery of 
MAKEDONIJA PAT, and with production plants 
such as the asphalt plant?

As I mentioned before, the situation with the 
machinery is extremely difficult. Although this year we 

purchased new heavy trucks and semi-trucks, this is 
insignificant in terms of our needs.

Investing in the maintenance of most vehicles and 
construction machinery exceeds their value many times 
over. (For example, the annual maintenance price of 
vehicle FAP 26/35 SK 674 UD, from 1990, with 615,000 
km traveled and book value 0 days, amounts to 491.698 
MKD, and there are many more such examples) Hence, 
there will be multiple benefits from the procurement 
of new machinery:

-  Improved safety of employees and traffic 
participants while the former perform their 
work,
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-  Increased efficiency and performance during 
winter maintenance of roads 

-  More economic performance
-  Reduced costs for spare parts procurement (we 

expect savings of MKD 10,000,000.00 per year or 
approximately MKD 50,000,000.00 for 5 years)

-  Savings related to the purchase of tires during 
the first two years: approximately 30,000,000.00)

-  Reduced costs for services, repairs at service 
stations of economic operators (we expect 
savings of MKD 15,000,000.00 per year or 
approximately MKD 75,000,000.00 for 5 years)

-  Reduced fuel costs (we expect savings of 
10%, i.e. MKD 6,000,000.00 annually or MKD 
30,000,000.00 for 5 years)

-  Reduced costs for repair of winter equipment 
(fine plow and abrasive material spreader) (MKD 
5,000,000.00 per year or MKD 25,000,000 for 5 
years)

-  Reduced costs for repair of hydraulic and 
pneumatic devices 10,000,000.00 for 5 years

-  Reduced costs for electronic devices’ repair MKD 
2,000,000 for 5 years

-  Reduced costs for third party machinery renting 
during winter service mode (MKD 83,000,000.00 
per year or MKD 415,000,000.00 for five years)

-  Strict control of fuel and abrasive material 
consumption during winter maintenance

-  Improved service
-  Reduced pollution, etc.

Are you facing workforce shortage for regular road 
maintenance?

We are certainly facing workforce shortage, given that 
our company in 2012 had 1515 employees, as compared 
to 764 in 2019. In 2020, we received financial support 
and managed to hire 180 new staff, most of whom 
are truck drivers and road workers as well as support 
technical staff. 

Drivers often complain that potholes are not 
repaired quickly enough, gutters are covered 
with rockslide or gravel residue, or that they are 
overgrown with plants
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Our enterprise does not have a sufficient number of 
special machinery and most of the work is still performed 
manually. Furthermore, we do not have a sufficient 
number of road and asphalt paving workers who are 
direct executors. We plan to procure modern machines 
for cleaning gutters and grooves as well as modern 
vehicles for cutting branches. As for the potholes, they 
are regularly repaired and patched.  

How do you maintain the balance between regular 
maintenance and road rehabilitation, considering 
the existing capacities of MAKEDONIJA PAT?

The labor drain and the problem of dilapidated 
machinery, however, do not allow us to maintain 
a good balance between regular maintenance and 
rehabilitation of roads with our existing capacities. 
Moreover, the new situation with the pandemic last 
year and this year led to the frequent engagement of 
excessive numbers of drivers and vehicles. However, 

with our extensive experience in road maintenance 
(winter, regular current and investment-related) we still 
managed to maintain a satisfactory balance. 

What are your plans for the development of the 
company?

First of all, we plan to complete the machinery 
by procuring new pieces necessary for the normal 
functioning of the enterprise. We also plan to modernize 
our existing asphalt plants within the Branches. They 
should be more environmentally friendly, not pollute 
the environment and have lower consumption. Then 
we plan to purchase modern special vehicles for 
mowing, pruning branches and like works on the roads. 
We also plan to replace the completely dilapidated and 
depreciated machines with new ones so that we can 
successfully perform our activities – maintenance and 
protection of state roads. 
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THOUGHTS CONCERNING THE 
DRAFT LAW ON CONSTRUCTION
Prof. Dr. Zoran Krakutovski, 
Faculty of Civil Engineering in Skopje

For quite some time in the past, the construction 
laws had mostly been conceived and prepared for the 
needs of building construction. The probable reason 
is that these facilities are the ones with highest 
representation in the construction sector, but if 
we take into account the complexity, social need, 
environmental impact and the amount of funding 
associated with the transport infrastructure facilities, 
the latter should be treated more adequately in the 
construction law. The proposed amendments, as 
compared to the previous versions of the law, comprise 
either introduction of new articles relating exclusively 
to the transport infrastructure, or supplements 
to the existing articles of the draft law, which have 
initially been defined only in relation to the building 
construction. The most relevant amendments to the 
law, with reference to the transport infrastructure, 
would only occur if the following proposals were 
accepted:
- Article 5 defines the terms used in the law, but 
they should also be harmonized with the needs of 
the transport infrastructure projects. The proposal 
is that the term ‘reconstruction of existing transport 
infrastructure’ be specifically defined, since this term 
has different implications in the building construction 
structures. This is due to the fact that ‘reconstruction 
of existing transport infrastructure’ includes 
enlargement of the traffic infrastructure (roads, 
streets, parking lots, road stations, railways, railways 
stations), improvement of access to the transport 
infrastructure, improvement of the geometric 
elements of the routes in relation to the ones 
constructed for higher speed, improvement of the 
infrastructure’s transport capacities, improvement 
of the traffic safety, improvement of the protection 
and stability of the existing facilities and drainage 
structures, improvement of  the load capacity of the 
transport infrastructure components, reduction of 
the negative impacts on the environment.
- There is also a difference in meaning of the term 
‘rehabilitation’ in the field of building construction, 
as opposed to transport infrastructure, where 
rehabilitation of public roads, or overhaul of railways, 
means construction works for periodic maintenance 
of infrastructure consisting of the reconstruction 
of the constituent elements of the upper structure 
that are degraded, during the period of operation, 
to a degree that significantly increases the transport 

costs of the infrastructure users and/or impairs traffic 
safety.
- Article 6 lists the basic requirements for 
construction and, inter alia (in terms of load-bearing 
capacity, durability, safety...), it is necessary to add 
socio-economic and financial rationale concerning 
transport infrastructure projects for structures of 
national importance, as well as unhindered access 
and safe use by persons with reduced mobility, in 
case of buildings of public nature. This means that 
projects of national importance, require pre-feasibility 
studies, in case of a new route, and feasibility studies 
(justifiability studies) for new routes, reconstruction 
and rehabilitation (overhaul) of the existing transport 
infrastructure.
- Article 32 of the draft version of the new law on 
construction lists the project documentation for 
project implementation. As an addition, there should 
be a Justifiability Study for new line infrastructure 
facilities of national importance, to contain technical 
documentation at the preliminary design level, as 
well as other contents that are part of the feasibility 
study, and all these should be specifically listed in a 
special rulebook on preparation of feasibility studies 
for infrastructure facilities.
- Article 32 lists the types of construction designs, 
but what is missing in is project documentation for 
transport infrastructure at the design project level 
(general route design) for new routes. This project 
documentation is essential for new infrastructure 
projects and it constitutes the initial stage in 
physical planning with the new infrastructure and 
project efficiency assessment. A design project 
represents a technical elaboration at the level of 
a planning document and is prepared for several 
variants of a transport infrastructure route, providing 
considerations related to the the spatial possibilities 
and limitations for the construction of public roads 
and railways. The design project is part of the pre-
feasibility study, which is used to adopt a general 
concept of a design and a structure, the most 
optimal spatial corridor of the route and spatial 
disposition of the facilities, to determine the basic 
functional, construction, technological and technical 
characteristics of the facilities, construction stages, 
exploitation conditions, the position in the space and 
the environment, within the space where the road 
or railway is to be constructed. A design project is 
the basis for evaluation of transport infrastructure 
designs and an integral part of the first stage of the 
investment decision-making process with evaluation 
of variants.
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Апстракт
Sustav gospodarenja kolnicima hrvatskih autocesta sastavni 
je dio hrvatskog sustava gospodarenja cestama (RoNeAna – 
Road Network Analyzer). Temeljna platforma koja se koristi 
za određivanje pokazatelja stanja u okviru ovog sustava 
gospodarenja kolnicima su postavke i preporuke dane u COST 
Action 354, Performance Indicators for Road Pavements. U 
radu je, na primjeru autoceste 
A3 - Bregana (granica sa Slovenijom) – Zagreb – Lipovac 
(granica sa Srbijom), najopterećenije autoceste u Hrvatskoj, 
ukupne duljine oko 300 km, prikazan navedeni sustav 
gospodarenja kolnicima. Ukratko su opisane procedure 
gospodarenja, od prikupljanja podataka o cestovnoj mreži, 
podataka potrebnih za funkcionalnu i strukturalnu ocjenu 
stanja kolnika (raspucalost, površinska oštećenja, uzdužna 
i poprečna ravnost, hvatljivost, makro-tekstura, nosivost), 
preko njihove obrade u svrhu ustanovljavanja pokazatelja 
stanja pa do predviđanja budućih stanja kolnika, potrebnih 
radova obnove sa listama prioriteta i očekivanim troškovima 
kao i izrada scenarija za potrebe višegodišnjeg planiranja 
održavanja.

Клучни зборови
Croatian motorways,road management system, RoNeAna, 
pavement condition

Abstract
The pavement management system, as an integral part of 
the RoNeAna- Road Network Analyser of the Croatian Road 
Asset Management System, is implemented in managing 
pavements on Croatian motorways. This paper provides a 
brief overview (using the example of the A3 motorway) of 
pavement management procedures, from the collection 
of basic network and pavement construction data, to data 
processing aimed at determining performance indicators, to 
predicting the future behaviour of pavement, the required 
repair treatments with lists of priorities and expected costs, 
and various scenarios for multiannual maintenance plan-
ning. The condition of the A3 motorway, the most loaded 
highway in Croatia covering 300 km from the Slovenian to 
the Serbian border, is completely identified by visual inspec-
tion (cracking and surface defects) and other measured pa-
rameters (longitudinal and transverse evenness, skid resis-
tance, macro-texture and bearing capacity).
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Croatian motorways, road management system, RoNeAna, 
pavement condition
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1. INTRODUCTION

The structure management system (SMS) has been 
under development by the Institute IGH Inc. for the 
needs of Croatian Motorways Ltd since 2007. Upon 
completing modules for managing bridges, drainage 
and tunnels, a module for managing pavements using 
the RONeANa-Road Network Analyser,[3] a project 
developed by the company Geoexpert-project Ltd. 
Zagreb, has been implemented on the SMS platform. 
The system was tested in 2013 on sections of the 
A3 motorway, covering a length of approximately 
100 km (from the Slovenian border to the town of 
Kutina). During 2015 and 2016, visual inspections were 
conducted and technical parameters measured on the 
remaining 200 km of the A3 (from Kutina to the Serbian 
border). Visual inspections and measurements were 
performed to collect data on damages to the surface, 
longitudinal and transverse evenness, skid resistance, 

macro-texture and bearing capacity of the pavement. 
The data was processed and the results, together with 
the system settings and management procedures are 
outlined below.

2. A3 MOTORWAY
     (BREGANA-ZAGREB-LIPOVAC)
The A3 motorway runs from the border with the 
Republic of Slovenia to the border with the Republic 
of Serbia over a total length of 306 km. It was built 
in stages over some 25 years and consists of a total 
of 25 sections, i.e. road parts between the traffic 
junctions. To simplify, this paper shows the condition 
of eight representative parts of the A3, grouped by the 
year of construction, pavement structure design and 
the average annual daily traffic (AADT). The grouped 
sections are shown in Table 1.

Table 1. Grouped sections of the A3 Motorway

No. Section group From [km] To [km] Operational since 
[year] AADT

1 Slovenian border-Jankomir 0,0 13,7 2001 20,663

2 Jankomir-Ivanja Reka 13,7 41,7 1981 42,706

3 Ivanja Reka-Lipovljani 41,7 118,2 1980 22,765

4 Lipovljani-Prvča 118,2 161,5 1985/1986 16,333

5 Prvča-Slavonski Brod 161,5 222,3 1988 to 1991 13,099

6 Slavonski Brod-Velika Kopan-ica 222,3 250,1 1996 to 1999 11,153

7 Velika Kopanica-Županja 250,1 276,0 2002 9,106

8 Županja-Serbian border 276,0 306,4 2006 6,564

It is apparent that the most loaded section of the A3 is the grouped section 2- Jankomir-Ivanja Reka (also known 
as the Zagreb bypass), followed by the adjacent sections. Figure 1 shows a GIS display of the A3 motorway from 
RoNeAna [3]. The different colours represent the condition of the pavement by performance indicators.
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3. TECHNICAL PARAMETERS AND 
PAVEMENT PERFORMANCE 
INDICATORS

Visual inspections and other measurements to 
pavements form the basis for establishing the technical 
parameters and determining performance indicators. 
Technical parameters obtained by visual inspection and 
measurements, and the corresponding performance 
indicators, are in accordance with the settings and 
recommendations of the COST Action 354, Performance 
Indicators for Road Pavements.[1] Damages to the final 
layer (cracks and surface defects) are established by visual 
inspection, and data is collected on the longitudinal and 
transverse evenness, skid resistance, macro-texture and 
bearing capacity via a range of measurements. These 
data create the technical parameters of pavement 
condition (TPi). Using transformation functions, the 
technical parameters are translated into individual 
pavement performance indicators (PIi). The individual 
indicators, adjusted by the weighting influences (Wi), 
create the combined performance indicators (CPIi), 
determined from the perspective of:

•	 CPIс - traffic comfort,
•	 CPIs - traffic safety and
•	 CPIb - bearing capacity 

Figure 1. RoNeAna GIS display

The combined performance indicators (CPIi), adjusted 
by the weighting influences, forms the general 
performance indicator (GPI). The weighting influence 
values Wi (Wc-traffic comfort, Ws-traffic safety and Wb-
bearing capacity) are used to determine the general 
performance indicators (Table 2). The value range 

of the performance indicators ranges from 0 to 5, as 
shown in Table 3.

Table 2. Weighting influences for the General 
Performance Indicator (GPI)

Combined Performance 
Indicators (CPIi)

Wcpi c Wcpi s Wcpi b

Wi – weighting influences for 
GPI 0,7 1 0,65

Table 3. Pavement performance indicators

Very 
good Good Satisfactory Poor Very 

poor

0 - 1 1 - 2 2 - 3 3 - 4 4 - 5

4. DETERMINATION OF PERFORMANCE 
INDICATORS AND HOMOGENEOUS 
SECTIONS 

4.1. PAVEMENT PERFORMANCE INDICATORS

After processing the results of the inspections and 
measurements, the management system calculates 
individual, combined and general performance 
indicators. The performance indicators are continuously 
calculated every 10 m, individually for each traffic lane. 
The results are shown in tabular and graphic form for 
each lane of pavement. Figure 2 shows the performance 
indicators for the driving lane on the left pavement of 
the section Velika Kopanica - Babina Greda (listed as 
Section 7. Velika Kopanica-Županja in Table 1). The 
critical technical parameters for this section are the 
cracks and the macro-texture. Medium severity alligator 
cracking determines pavement bearing capacity as very 
poor, and the general performance indicator as poor. 
Cracks have the greatest influence on the indicator of 
pavement bearing capacity, which is within the limits 
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Figure 2. Performance indicators for the section Velika 
Kopanica-Babina Greda (left pavement, right lane) 

Figure 3 shows the state of the surface layer of this 
section.

Figure 3. Alligator cracking on the section Velika 
Kopanica- Babina Greda (left pavement) 

4.2. HOMOGENEOUS SECTIOS
For practical purposes, in order to determine the 
necessary repairs, the combination of technical 
parameters and status indicators are grouped into 
homogeneous sections, i.e. parts of the section 
with similar performance indicators and requiring 
the same kind of repair. Input data for determining 
homogeneous sections are a combination of technical 
parameters on the defined part of the pavement lane. 
These combinations are included in the decision-
making procedures such as "if the technical parameter 
TP1 > n1 and/or technical parameters TP2 > n2 and/or 
… and/or technical parameters TPi > ni, then the repair 
that covers all of those damages is the standard repair 
"REPAIRi". The decision-making procedures of the 
management system regarding homogeneous sections 
and standard repairs can be called the “Decision 
Tree”. In the calculation module of the application, it 
is possible to set a minimum length for calculation of 
homogeneous sections.

Figure 4. Representation of homogeneous sections on 
the road section Velika Kopanica- Babina Greda

of the very poor condition ratings. The performance 
indicators for the driving lane of that section are shown 
in Table 4.

Table 4. Section Velika Kopanica-Babina 
Greda- performance indicators

No. Section From 
[km] To [km] CPIc CPIs CPIb GPI

7.1 Velika Kopanica-Babina Greda 250.1 263.7 2.86 1.54 4.16 3.03
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The most accurate calculated condition is for 
homogeneous sections of shorter length (since it 
takes all local damages into account), though this 
approach may be impractical and unprofitable 
during repair works. Testing different variants and, 
ultimately, manual adjustment, leads to an accurate 
and technologically reasonable model. Figure 4 
shows the graphical representation of homogeneous 
sections and standard repairs with related costs 
for the driving lane of the left pavement from the 
previous example.

5. PERFORMANCE INDICATORS ON 
THE A3 MOTORWAY

Table 5 shows the performance indicators on grouped 
sections of the A3, the average value for all lanes on the 
left and right pavement. This gives some general insight 
into the overall condition. The specific condition, in 
the example of the characteristic section for each of 
the groups from the table, with the proposed repairs, 
will be outlined later.

The average combined performance indicators of the 
A3 motorway per kilometre are good (traffic comfort 
and pavement bearing capacity) or satisfactory 
(traffic safety). The overall performance indicator is 
satisfactory.

5.1. SECTION 1
(SLOVENIAN BORDER – JANKOMIR)

The grouped sections of the motorway listed under 
the number 1 shows that the macro-texture and skid 
resistance have the greatest impact on traffic safety 
(CPIs), which approaches the limit of poor condition, 
and the general performance indicator (GPI) is already 
in the zone of poor condition. The performance 
indicators of a characteristic section on that part of 
the A3 (Bregana-Bobovica, driving lane of the right 
pavement) are shown in Figure 5.

Table 5. Pavement condition on the grouped sections of A3

No. Section Length [km] CPIc CPIs CPIb GPI

1 Slovenian border-Jankomir 13.7 1.65 2.91 1.21 3.04

2 Jankomir-Ivanja Reka 28.0 1.24 2.96 0.95 3.05

3 Ivanja Reka-Lipovljani 76.5 0.86 2.76 0.75 2.81

4 Lipovljani-Prvča 43.3 1.28 1.90 0.91 2.00

5 Prvča-Slavonski Brod 60.8 1.17 1.84 0.89 1.94

6 Slavonski Brod-Velika Kopanica 27.8 1.45 1.59 1.53 1.97

7 Velika Kopanica-Županja 25.9 2.50 1.62 3.34 2.71

8 Županja-Serbian border 30.4 1.23 1.68 0.89 1.80

A3 – average / km 306.4 1.28 2.17 1.14 2.37
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Figure 5. Performance indicators for the section 
Bregana-Bobovica (right pavement, driving lane)

Values of the technical parameters of macro-texture 
and friction are considered in the decision-making 
procedures to determine homogeneous sections and 
the required standard repairs. As a result, the proposal 
is final layer replacement or coating with micro-
asphalt, Figure 6.

Figure 6. Homogeneous sections on the section 
Bregana-Bobovica (right pavement, driving lane)

5.2. SECTION 2 (JANKOMIR – IVANJA REKA)
On this section of the A3 motorway, skid resistance 
and macro-texture of the pavement and, in places, 
longitudinal unevenness have the highest impacts 
on pavement condition. These technical parameters 
have the greatest influence on the traffic safety indi-
cator CPIs, which approaches the limit of poor con-
dition, and the general performance indicator GPI, 
which is already in poor condition.

Figure 7. Performance indicators for the section 
Jankomir-Lučko (right pavement, right lane)

Performance indicators of a characteristic section on 
that part of the A3 (Jankomir-Lučko, driving lane of the 
right pavement) are shown in Figure 7. Near the end of 
the section, longitudinal unevenness has an effect on 
the homogenous section, with the recommendation for 
replacement of the final layer. Over the whole section, 
friction values are very near the limit values that 
represent the “trigger” for deciding on the repairs as 
defined in the decision-making procedures (“Decision 
Tree”).

5.3. SECTIONS 3 TO 5
(FROM IVANJA REKA TO SLAVONSKI BROD)

Part of the highway that encompasses section groups 
3 to 5 has an overall satisfactory or good condition, 
according to all the performance indicators. The re-
pairs to homogenous sections generally predict the 
filling of cracks and the replacements of the final as-
phalt layer.

5.4 SECTION 6
(SLAVONSKI BROD – VELIKA KOPANICA)

This part of the A3 motorway has an overall good con-
dition according to all performance indicators, though 
unlike the section of the motorway in paragraph 5.3, 
it has some parts with extremely poor condition. This 
primarily refers to the left pavement (direction to-
wards the border with Serbia). The greatest influence 
on the performance indicators of the left pavement are 
cracks, mostly alligator cracks of low and medium in-
tensity. The performance indicators of the characteris-
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tic section on that part (Slavonski Brod east-Sredanci, 
right driving lane of the left pavement) are shown in 
Figure 8.
Homogenous sections with estimated repairs depend 
primarily on the type and quantity of cracks. For ho-
mogenous sections with alligator cracks of medium 
intensity which, corrected with weighting influences, 
extend over 20% of the surface area, an analysis of 
the structure of the pavement and the reconstruction 
of layers is estimated. For the remainder of the ho-
mogenous sections with cracks of lesser intensity and 
quantity, repairs to the asphalt layers (from replace-
ment of the final layer to larger repairs) are estimated. 
Those repairs cover both the poor condition of fricti-
on and the macro-texture.

Figure 8. Performance indicators for the section 
Slavonski Brod-Velika Kopanica

(left pavement, right lane)

5.5. SECTION 7 (VELIKA KOPANICA – ŽUPANJA)

This part of the A3 motorway characterizes the com-
bined performance indicator of bearing capacity on all 
sections of that part of the A3, ranging from poor to 
very poor. A characteristic section of this part is shown 
and described in paragraphs 4.1 and 4.2.

5.6. SECTION 8 (ŽUPANJA – SERBIAN BORDER)
This part of the A3 motorway is in good condition with 
respect to every performance indicator. No pavement 
repairs are estimated for the majority of the section 
(with the exception of the boundary area with the pre-
ceding section).

6. LISTING PRIORITIES AND 
MULTIANNUAL MAINTENANCE 
PLANNING

After determining the condition and necessary re-
pairs, the Pavement management system lists the 
maintenance priorities, and predicts the future condi-
tion as a function of time, thus enabling the creation 
of different scenarios and for multiannual maintenan-
ce plans.

6.1. MAINTENANCE PRIORITIES

The process of determining the priorities, i.e. the or-
der of section maintenance, is performed done with 
a mathematic multi-criteria analysis that calculates 
the strengths and weaknesses of the decision to repair 
each section relative to all other sections, based on the 
established criteria and their weighting influences. The 
difference between the advantages and disadvantages 
for each observed parameters give the list of priori-
ties. The importance criteria include the category of 
roadway, ability of bypass, average annual daily traffic 
(AADT), combined (CPIi) and the general performance 
indicator of the pavement (GPI).

6.2 MULTIANNUAL MAINTENANCE PLANNING 

The acquired data on roadways (traffic loads, pavement 
structure, completed pavement renewal, etc.) and in-
formation on the current condition, forms the basis for 
the drafting of multiannual maintenance plans.

6.2.1. Prediction of future condition 

For the needs of multiannual planning and the creati-
on of the maintenance strategy, models of pavement 
behaviour as a function of time are an integral part 
of RoNeAna. These models predict the progress of 
certain type of damages over time, depending on the 
type of pavement construction and the traffic loads. 
Models have been implemented from the MDOT pa-
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vement management system report, Prediction Mo-
dels and Feedback System, Final Report[2], a study 
conducted by the Department of Civil Engineering, 
University of Mississippi (October 2000). The models 
are created on the basis of data collected through the 
years on approximately 20,000 km of roads and on ex-
pert opinions.

6.2.2. Development of multiannual 
maintenance plans 

During the life cycle of roads, the level of service is re-
duced by the curve, dependent on the progression of 
damage over time, as outlined in paragraph 6.2.1.  Re-
duction in the level of service can be slowed, delayed, 
or remedies by returning the road to satisfactory con-
dition through the application of certain maintenance 
strategies. The Road management system, RoNeAna, 
allows for the creation of different maintenance sce-
narios over a 20-year planning period, leaving the road 
administration to select the most favourable model. 
The input parameters are the annual budgetary resou-
rces through the planning period and the limitation of 
the allowable levels of pavement performance indica-
tors. The output results for each scenario are annual, 
4-year and 20-year maintenance plans with yearly and
total costs, as well as the values of the performance
indicators at the end and in each period within the pla-
nned timespan.
With regard to the selected input requirement, two ge-
neral groups of possible scenarios can be distinguished:
For certain budget resources, possible projects are
planned and the scenario calculates the performance
indicators during and at the end of the planning period
(as shown in the example in Figures 9 and 10),

Figure 9. Maintenance scenario with fixed 
annual budget

Figure 10. Fixed annual budget- graphic 
representation through the years

For previously defined limit values of the performance 
indicators during and at the end of the planning stage, 
the necessary budget resources are being calculated.

7. CONCLUSIONS

Management procedures and different maintenance 
scenarios allow road authorities to compare the 
relationships between total costs and achieved 
performance indicators, thereby selecting the most 
favourable scenario as the maintenance strategy for 
the multiannual planning period. This should be a 
scenario which uses the lowest budgetary resources 
to return the desired pavement performance 
indicators.
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Abstract
In last few years the total number of traffic accidents in 
Slovenia has decreased whilst the number of accidents 
involving powered two-wheelers (PTWs) has increased. In 
2017, 104 people died in road accidents in Slovenia, the 
lowest number recorded in the last 60 years. In contrast, 
during the same year there was a noticeable increase in the 
number of PTW rider fatalities. By the end of 2017, there were 
29 fatalities among PTW riders, which, in comparison to the 
previous year (2016, 24 fatalities), represents an increase of 
21%. In 2017, the proportion of PTW fatalities was 24% out 
of all road accident fatalities, which is the worst figure since 
records began in Slovenia. In addition, the proportion of PTW 
riders who were seriously injured or killed in comparison to 
the overall number that were seriously injured or killed in all 
traffic accidents was significantly higher than the proportion 
of PTW riders in the traffic structure. 
Numerous promotional campaigns have been carried out in 
Slovenia over the last ten years, and a number of measures 
have been introduced to improve the road safety of PTWs. 
Last measure is to create Slovenian infrastructure guidelines 
for ensuring the road safety of PTWs in the equipping and 
road maintenance phases.

Key words
Powered two-wheelers, safety, infrastructure, campaigns, 
measures, guidelines

1. INTRODUCTION
Powered two-wheelers (PTWs) is a term in the motorcycle 
industry, which includes motorcycles, mopeds and 
scooters. PTWs represent an economical means of 
transport (Fig 1), offering increased mobility in traffic 
congestion, which is popular in urban commuting. In 
addition, riding a PTW provides a special sensation 
which is attractive for many riders. 
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SYSTEM IN SLOVENIA
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Fig. 1: Buffer element for PTWs in front of traffic lighted intersection in Madrid; Source: T.Tollazzi

However, PTW riders can also be considered as a 
vulnerable group of road users. The vulnerability of 
PTWs has been established with the large number 
of road accidents and poor safety statistics in many 
European and world countries. PTW riders in the 
European Union are one of the most vulnerable groups 
of road users (Šraml et al., 2012). They are quite often 
involved in road traffic accidents and, unfortunately, 
in many cases can be seriously injured or even killed. 
Some studies of PTW accidents have reported that 

approximately 96% of riders of PTWs involved in traffic 
accidents are at great risk of suffering certain injuries 
(Hurt et al., 1981). Moreover, other studies show that 
even in 50% of such accidents, serious injuries or even 
death of the rider occurred (Diamantopoulou et al., 
1995).

Fig. 2: PTW rider fatalities per million population in 
the EU, 2005 and 2014 or latest available year Source: 

European Commission, 2016

In the EU the number of fatalities per 100,000 
registered motorcycles is twice as high for motorcycle 
riders as the number of fatalities for car passengers 
per 100,000 registered cars (European Commission, 
2015). In 2014 alone, approximately 26,000 people 
were killed in road accidents across the EU and PTWs 

accounted for 17% of those fatalities (compared 
to 16% in 2005). In 2014, at least 3,841 PTWs riders 
(drivers and passengers) of motorcycles were killed 
in the EU in road accidents (European Commission, 
2016). Fig 2. shows that between 2005 and 2014 the 
road traffic fatality rate of PTWs decreased in most 
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EU countries. Significant decreases were recorded 
in Italy, Portugal and Cyprus, whereas the fatality 
rate increased in Romania and Poland (European 
Commission, 2016). 
A first indication of traffic safety is obtained by 
relating the number of motorcycles to the number of 
fatal motorcycle accidents in a country (Tab 1). Official 
European Commission statistics report about 4,500 
fatal motorcycle accidents for 2012. The danger rank 
of each country is based on calculating the number 
of registered motorcycles per fatal accident. The 
more motorcycles per fatal accident, the safer the 
country is; the fewer motorcycles per fatal accident, 
the more dangerous the country is. Countries can 
then be classified into two categories as relatively safe 
or relatively dangerous compared to the European 
average. The number listed for each country is its 
danger rank: 1 is the safest country, 25 is the most 
dangerous country. The European average is 5,000 
motorcycles per fatality. For countries not categorized 
the required data is not available.

Table 1. The danger rank of countries

# Motorcycles/
fatality

Country

Relatively dangerous
1,000 – 2,000 25 Croatia, 24 Ireland, 23 Poland
2,000 – 3,000 22 Portugal, 21 France, 20 Latvia, 19 

Slovakia, 18 Slovenia
3,000 – 5,000 17 Luxembourg, 16 Great Britain, 15 

Belgium, 14 Hungary, 13 Estonia
Relatively safe
5,000 – 7,000 12 Greece, 11 Malta, 10 The Czech 

Republic, 9 Germany, 8 Austria
7,000 – 10,000 7 Sweden, 6 Italy, 5 Finland, 4 Spain
10,000 + 3 Switzerland, 2 The Netherlands, 1 

Denmark

Source: EC, 2012

There are an estimated 23,000,000 motorcycles in 31 
European countries according to 2013 figures from the 
European Association of Motorcycle Manufacturers 
(ACEM). Seven countries have more than one million 
motorcycles, with Italy holding the absolute top 
position (Tab 2).

Table 2. Estimated number of motorcycles

Country # motorcycles
Italy 6,500,000

Germany 3,800,000
Spain 2,900,000

France 1,700,000
Greece 1,600,000
Poland 1,200,000

Great Britain 1,100,000

Source: FEMA, 2016.

In the last few years the total number of traffic 
accidents in Slovenia has decreased whilst the 
number of accidents involving PTWs has increased. 
In 2017, 104 people died in all road accidents in 
Slovenia, the lowest number recorded in the last 
60 years. In contrast, during the same year there 
was a noticeable increase in the number of PTW 
rider fatalities. By the end of 2017, there were 29 
fatalities among PTW riders, which, in comparison 
to the previous year (2016, 24 fatalities) represents 
an increase of 21%. In 2017 the proportion of PTW 
fatalities was 24% out of all road accident fatalities, 
which is the worst figure since records began. In 
addition, the proportion of PTW riders that were 
seriously injured or killed in comparison to the 
overall number that were seriously injured or killed 
in all traffic accidents was significantly higher than 
the proportion of PTW riders in the traffic structure. 

Due to all of the above-mentioned factors, it is 
clear that there is significant interest in Slovenia in 
understanding the relations between motorcyclists and 
road infrastructure, and finding some new approaches 
to designing, equipping and maintaining roads.

2. PAST AWARENESS CAMPAIGNS 
AND IMPLEMENTED MEASURES 
FOR PTWS IN SLOVENIA 

For several years Slovenia has been implementing 
various campaigns and introducing various measures 
in order to become a motorcycle-friendly country. 
Until now, several preventive awareness campaigns 
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and additional educational campaigns have been 
carried out, whilst various measures have also been 
implemented that aim to lessen the consequences of 
road accidents involving motorcyclists. 
In the past Slovenia tried to improve the low-level of 
traffic safety of PTWs in various ways; the following 
measures were generally used:
•	 preventive campaigns and additional education 
•	 additional non-traffic signs and road markings
•	 improved road/roadside safety conditions.
Preventive awareness campaigns and additional 
education are considered a ‘long-term investment’, 
as the positive consequences are only visible after an 
extended period. This measure includes the production 
and distribution of promotional flyers, brochures and 
posters (Fig 3.) containing precautionary contents in 
order to promote better traffic safety.

Fig. 3: An example of a Slovenian prevention 
billboard for 2018 

Source: Agency Yin + Young, Slovenia 

Implementation of additional traffic/non-traffic signs 
and road markings is a less widespread approach for 
improving PTW traffic safety. The following measures 
have generally been used in Slovenia:
•	 preventive non-traffic signs, which are not a part of 

the Slovenian regulation (Fig 4)
•	 additional road markings, which are not a part of 

the Slovenian regulation.

Fig. 4: One of eight preventative information 
boards that are not included in the Slovenian Traffic 

Signaling Rulebook 

Source: K. Korenjak and Society MzM 

Improved road/roadside safety conditions can be 
accomplished through the implementation of physical 
measures. The aim of such physical elements is to 
achieve a higher level of safety on the road and 
particularly in areas directly next to roads (roadside). 
These measures are also called infrastructure safety 
improvements; motorcycle-friendly roadside barriers 
(Fig 5.) represent just one of these measures.

Fig. 5. Motorcycle-friendly roadside barrier
Source: www.zurnal24.si

The best results were obtained in Slovenia through 
the use of additional non-traffic signs and motorcycle-
friendly roadside barriers.
However, all these measures mentioned above are of 
a reactive nature and were only installed after it was 
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discovered that some locations are dangerous for PTW 
riders. Logically, there was a demand to do something 
proactive in terms of road design, and the equipment 
and maintenance phases before traffic accidents 
involving PTW riders occurred.

3. SLOVENIAN INFRASTRUCTURE 
GUIDELINES FOR PTWS 

3.1 FOREIGN EXPERIENCE

Firstly, it needs to be pointed out that Slovenia will 
not be the first country with infrastructure guidelines 
for PTWs. From the interviews held with experts from 
member states and representatives of the motorcycling 
community, the project RIDERSCAN, European Scanning 
Tour for Motorcycle Safety (Delhaye & Marot, 2015) found 
that several countries have infrastructure guidelines for 
PTWs, though most of them are not mandatory, with the 
exception of Norway and Ireland (Tab 3).

Table 3. The status of infrastructure guidelines for PTWs in 
different countries - 2015. 

No guidelines PTW specific 
guidelines

Infrastructure guidelines for all road 
users, including PTWs

Bulgaria Austria Ireland

The Czech 
Republic

Belgium The Netherlands

Greece Finland Sweden

Latvia France

Luxembourg Germany

Poland Norway

Spain

Switzerland partly mandatory

The UK mandatory

Source: Project RIDERSCAN, European Scanning Tour for Motorcycle Safety
Note: Portugal and Italy got them later

Austria and Germany have made the use of the 
guidelines on the TEN-T network mandatory and 
recommend their use on other roads. Austria 
identified a lack of dissemination to local authorities, 
while the UK and France admit different levels of 
use throughout the country. The Netherlands is seen 

as the country with the lowest level of guideline 
adherence.
Several countries have already introduced specific 
black-spot monitoring systems which include PTWs 
(Austria, France, Ireland, Luxemburg, the Netherlands, 
Poland, Spain, Sweden, and the UK), while others 
have although without specific consideration of 
PTWs (Belgium, Latvia). Several countries still have no 
specific black-spot monitoring programmes (the Czech 
Republic, Finland, Germany, and Greece).
Only a few countries consider PTW users as Vulnerable 
Road Users (VRUs) in a legal sense, with a corresponding 
impact on transport policies (Austria, the Czech 
Republic, Germany, Ireland, Luxembourg, Norway, and 
Sweden). Conversely, the Netherlands and Belgium 
do not recognise them as VRUs at all. Finland, France 
and the UK have decided on an intermediate status, 
accepting their vulnerability from a safety perspective, 
but not a legal one.

3.2 PROPOSAL FOR SLOVENIAN INFRASTRUCTURE 
GUIDELINES FOR MOTORCYCLISTS

Due to the different competencies in issuing by-laws in 
Slovenia, it was decided that these guidelines will not 
contain a chapter about road design from the PTWs 
point of view (which is a bad solution). The Slovenian 
infrastructure guidelines for PTWs will contain two 
main chapters:
•	 measures to improve PTW safety in the road equip-

ment phase
•	 measures to improve PTW safety in the road main-

tenance phase.
The Slovenian infrastructure guidelines for PTWs in the 
road equipment phase will contain (Fig 6):
•	 new conditions and installation methods of motor-

cycle-friendly roadside barriers
•	 motorcycle collision shock absorbers (mounted on 

guardrails posts) 
•	 rumble strips and optical brakes in front of danger-

ous bends to enforce reasonable speeds
•	 passive-safe posts for marking the course of bends 

and marking connections (reflective flexible bollards 
or ‘balisette' bollards instead of rigid road signage) 

•	 installation of closely-spaced flexible guidance 
posts. 



35n u m b e r  1 3 • J u l y  2 0 2 1 • R O A D S

S C I E N T I F I C - P R O F E S S I O N A L  A N D  I N F O R M A T I V E  J O U R N A L

Fig. 6: Some of the measures provided in the Slovenian 
specification in the road equipment phase; from upper-left: 

flexible bollards, flexible ‘balisette' bollards, motorcycle 
collision shock absorbers and a reinforced shoulder 

between the pavement and the slope of the embankment

Source: Motorbiking on Safe Roads, ADAC

In the Slovenian infrastructure guidelines for PTWs in 
the road maintenance phase the following situations/
locations/elements are defined as dangerous and need 
to be eliminated as soon as possible:
•	 altitude difference between carriageway and shoulder
•	 damaged pavements
•	 guardrails with no underrun protection in danger-

ous bends
•	 slippery pavements
•	 road patches
•	 obstructed visibility in bends
•	 dangerous patchwork
•	 serious flaws in the road pavement: patches of vary-

ing grip, lane ruts and patchwork repairs.

4. CONCLUSION 

The vulnerability of PTWs has been established with 
the large number of road accidents and poor safety 
statistics in many European and world countries. PTW 
riders in the European Union are one of the most 
vulnerable groups of road users. They are quite often 
involved in road accidents and, unfortunately, in many 
cases can be seriously injured or even killed. 
Preventive awareness campaigns, additional education 
and training, additional non-traffic signs and road 
markings, physical measures to mitigate the effects of 
road accidents involving motorcyclists, various EU projects 
aimed at detecting and solving motorcycle traffic safety 

issues, the introduction of additional information boards 
and markings are only a part of the efforts to provide 
motorcyclists safe participation in traffic.
Much can also be done by safer road and intersection 
design, and safer equipping and maintaining, taking 
into account also motorcyclists.
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Апстракт
This paper presents a comparative analysis of planned 
and actual deadlines and budgets for structures‘/facilities 
construction. Data for 87 structures built in the Republic of 
Macedonia were collected by field research. Their analyze 
results pointed the main causes for the deadlines extension 
and changes to foreseen budgets: project documentation 
errors, unforeseen works and surplus, climatic conditions, 
unproper planning of project implementation, legislation, 
communication between the participants and other 
impacts. It is recommended to pay more attention to: 
project documentation quality, continuous planning, 
synchronization, implementation and control of activities 
by experienced personnel; monitoring and controlling the 
actual schedules compared to planned one; knowledge, 
timely monitoring and application of amendments to the 
legislation, etc.

Key words
Budget, construction, delay, deadline.

1. INTRODUCTION 
The implementation of construction projects is a 
complex process that consists of several sub-processes. 
Their implementation requires some budgets and 
time.There is also a need of  commitment of the 
project participants, as the outcome of the project 
implementation has impact on  the work of all 
participants. [1-4]
The deadline and the budget have a key influence on 
the realization of the construction projects. They are 
an integral part of all construction contracts, so if 
deadlines and budgets are not managed well, they can 
easily break through. This usually leads to increased 
tension and mistrust among the parties involved in the 
construction process, lawsuits, financial flow problems, 
etc. [3-8]
A comprehensive analysis of the recent practices is 
needed to determine the adverse effects that may 
occur, what factors influence them in our construction 
practice, and what can be undertaken to manage them 
more successfully. In particular, in past years the country 
has been characterized by expansion of construction 
of various types of buildings in the field of: high-rise 
buildings, hydro-structures and line infrastructure 
facilities. New buildings have been intensively built and 
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are being built, and existing ones are being maintained, 
upgraded, refurbished and adapted.
Given the high intensity of building construction, 
as well as the need for significant budgets for their 
completion, there is a clear need to analyze the planned 
and actual deadlines for completion of the buildings, 
and the planned and actual budgets needed for their 
construction.
Due to its importance,  this issue has attracted a great 
deal of interest from researchers worldwide [3-10], but 
unfortunately the situation in the country is not the 
same. The research presented in this paper contributes 
to this issue, as it refers to the deadlines and budgets 
for the realization of construction projects in our 
country. The aim is to consider the real situation while 
managing and planning the deadlines and budgets for 
construction of buildings in the country and to give 
recommendations that will encourage the improvement 
of the situation regarding the construction of buildings 
with the required quality, in a timely manner and with 
foreseen budget.

2. LITERATURE REVIEW 

In the available literature on the quality management 
of construction projects, in almost every one of them, 
one of the main tasks is to have the construction 
project completed with the required quality in a timely 
manner and with the foreseen funds. That is why the 
research on the topic of deadlines and budgets is 
actual worldwide. This can be seen from the numerous 
published world papers on deadlines, budgets and 
their breakthroughs [3-10]. The research has been 
conducted, not only in the countries that are economic 
leaders, but also in those that are less developed 
[3,8,9]. Some research has also been done on building 
facilities in our circumstances, analyzing factors 
that influence dynamic plans, budgets and costs and 
identifies impacts on the deadlines, budgets and their 
breakthroughs [1]. The recommendations for quality 
preparation of project documentation have been given, 
for the purpose of creating conditions for efficient and 
cost-effective construction of infrastructure and other 
facilities within planned deadlines and with planned 
financial resources [2].
Similar research has been carried out in other countries 
on exceeding the agreed prices in terms of the agreed 

time of various types of specific buildings in BiH [3].
According to [4], the estimation of construction costs is 
based mainly on the estimates made by the experts and 
their previous experience, which is often subjective. In 
the same paper, data basis of costs has been made  for 
construction of buildings in the Republic of Serbia. This 
data should allow for future scientifically systematic 
assessments, which could easily be expanded with 
historical data. [4].
The research has also been conducted in the United 
States of America, identifying the main causes of 
construction delays by identifying the perceptions of the 
various parties involved in project implementation. [5]
The paper [6] sets out a list of factors affecting the 
increase in costs, and the research has been conducted 
in Pakistan. According to the seriousness of the impact, 
a rating from the point of view of the respondents 
was made of 42 factors with a score of 1 to 10. The 
influence of each factor has been calculated by a 
simple calculation, Impact = Σ (fi*i)/n, where: i is the 
weight of the result from 1 to 10, fi is the frequency 
of the factor of obtaining a result and n = number of 
answers. [6]
Other research has identified the most important 
factors that cause construction exceeding in Malaysia 
[7], namely: fluctuations in material prices, cash flow 
and financial difficulties faced by contractors; poor 
location management and supervision [7].
Investigating the initial and changed construction costs, 
as well as the risk factors contributing to the increase in 
construction costs of 16 bridges in Japan, the cases where 
increased costs and a standard deviation of 20% have 
occurred are set down in [8]. In 5 out of the 16 projects 
the costs increased  about 30% to 40%. The main reasons 
for delays in the field of civil engineering in Jordan, with 
evaluation of their relative importance to large projects, 
are given in [9]. It was concluded that the most important 
factors for delays were: labor productivity, inadequate 
contractor experience, inadequate planning, involvement 
and slow decision making by the owners and financing of 
the work. [9]
A similar investigation and identification of the main 
causes that led to the delays in the construction 
projects in Egypt are given in [10].
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3. IMPACT OF THE LEGISLATION  ON 
DEADLINES AND BUDGETS

The legislation in the country also deals with deadlines 
and budgets for construction of buildings. These are 
mainly the laws on: building [11]; preventing corruption 
and conflicts of interest [12]; public procurements 
[13] and contractual relations [14]. In fact, the impact 
of legislation on planning and implementation of 
construction and the dynamics of construction and the 
budgets is enormous.
The Law on Construction over the past ten years has 
been amended by 29 Laws on amendments of the 
Law on Construction; the Law on Public Procurement 
in the same period was amended by sixteen Laws on 
amendment of the Law on Public Procurement [13]. 
Adapting to newly valid laws requires time for their 
study, interpretation and implementation, which in 
some cases has led to a delay of the deadline and an 
increase in the budget.
By the Laws on amendment of  the Law on Public 
Procurement, it have repeatedly been made attempts 
to define the emerging changed quantities and types 
of works under construction in relation to the basic 
contract. But in various releases, different amounts 
and types of work in progress are defined differently. 
The necessary procedures for their regulation are also 
defined in a different manner, which of course affects 
the total cost of building construction. In addition 
to  the many changes, there are still no clear and 
functional system solutions for defining them quickly 
and simply, and then for their regulation also.
There is a significant difference between public 
procurement laws, obligations and the prevention of 
corruption and conflicts of interest. These laws may 
conflict with the occurrence of unforeseen works, their 
implementation and the way of payment.
When constructing certain facilities, especially in cases 
where the budgets for construction are secured by 
international bank loans, the use of FIDIC contracts 
prepared by the International Federation of Consulting 
Engineers [15] is required. These agreements provide for a 
fair relationship between the contractors as they contain 
a risk-weighting mechanism and reduced loss of funds 
and time. FIDIC contracts clearly define the relationship 
between the investor, contractor and supervisor with 
responsibilities of and deadlines for each party. Despite 

the international application of these contracts, they 
are still largely applied in domestic practice to projects 
financed by EBRD and the World Bank.

4. RESULTS FROM THE RESEARCH      
     AND DISCUSSION
Actual/realized data on planned and actual deadlines 
and budgets for 87 (eighty-seven) buildings built 
on the territory of the Republic of Macedonia have 
been collected. The buildings are in the areas of civil 
engineering, high-rise, new buildings, extensions, 
reconstructions and rehabilitation. Many of them relate 
to roads and engineering facilities built on them. The 
data were obtained through interviews with direct 
participants in the construction, i. e with those who 
were key and responsible personnel assigned to manage 
the projects in the construction phase of the specific 
facility, but were also involved in already completed and 
other ongoing construction projects.

The Figure 1 shows the total planned and actual duration 
in  days of the 87 analyzed buildings. The analysis showed 
a total difference of almost 10 days (more specifically: 
9,675 days) more or 37.53% more than planned one.

igure 1 Total planned and actual 
duration in days of the 87 buildings analyzed

The Figure 2 shows that for the 87 analyzed buildings, a 
budget of around 8.4 billion VAT-excluded, was required. 
The Figure 1 shows that their construction was delayed 
by about 9.7 * 103 days, so if you calculate an average 
daily contract penalty of 0.1% for each day of delay, you 
will see that this amount would be much higher than 
the maximum one. e.g.: 15% agreed penalty for delay, 
which clearly indicates the need to take measures and 
activities to better manage all processes affecting the 
deadlines and budgets.
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Figure 2 Total planned and actual amounts in MKD for 87 
analyzed buildings

The Figure 3 shows the analysis of the  data on the 
completion within the planned deadline. Unfortunately, 
48 buildings  which is more than a half, were completed 
later than planned deadline out of 87 buildings.

Figure 3 How many buildings were completed within a 
deadline and how many later than the planned deadline 

out of 87 analyzed buildings? 

45 buildings only were completed with the planned 
budget (Figure 4) out of 87 buildings.

Figure 4 How many buildings out of 87 analyzed 
buildings, were completed with planned and how many 

with increased budget?

 Figure 5 shows the reasons for deadline extension in the 48 
buildings completed after the planned deadlines and are 
a part of the total of the 87 buildings. The data indicates 

the high influence of the project documentation errors, 
unforeseen works and climatic conditions to which it 
should be paid increased attention during their planning 
and organization, on the deadline extension.Thus, it is 
noted that the total number of reasons is greater than 
87 as the total number of analyzed objects, because 
many reasons affects one building in some cases.

Figure 5 Summary of reasons for deadline delay for the 
construction of 87 analyzed building

The Figure 6 shows the reasons that caused the deadline 
to be prolonged in the construction of 12 roads that 
have been completed after the planned deadline, out 
of the total of 24 roads, which are part of the total of 
87 buildings. The data indicates a high impact on the 
deadline extension in the construction of the roads due 
to: climatic conditions, unforeseen works and project 
documentation errors. The total number of reasons is 
greater than 24 as the total number of roads analyzed, 
because combinations of multiple causes affect  one 
facilitiy in some cases.

Figure 6 Summary of the causes for deadline extension 
for construction of 24 analyzed state roads

The Figure 7 shows the number and percentage of 
constructions out of the 87 analyzed buildings for 
which a dynamic plan was prepared. The analysis 
showed that for 27 facilities or for 31% of the buildings 
a dynamic plan was not prepared, while for 60 facilities 
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or for 69% such plan was prepared.

Figure 7 For how many facilities out of the total of 87 
analyzed facilities,a dynamic plan was prepared?

The data from the Figure 8 shows that out of the total 
of 87 analyzed buildings, only for 12 facilities a general 
dynamic plan with a duration, number of workers and 
type of mechanization per item was prepared,  while for 
48 facilities a dynamic plan with a duration  per item only 
was prepared. The analysis showed that the sub-plans 
in the function of the general dynamic plan were not 
prepared. The analysis showed that the plans are often 
superficially controlled or not controlled at all. And, the 
cases in which a control of the dynamic plans were made 
and in which a deviations were recorded, were revised in 
average 3 times or in rare cases 7 to 9 times. 

Figure 8 A dynamic plan was prepared for 60 buildings 
out of 87 analyzed buildings

The Figures 7 and 8 evidence that construction 
management can and should be planned and controlled 
much better. The analysis showed that very often 
legal entities do not hire planners with appropriate 
experience and competences, which unfortunately 
results in large deviations / extension of  planned 
deadlines and increase in the budgets, which in turn 
leads to a continuous loss of significant financial funds 
which, if were not lost would have been reinvested. 

The Figure 9 shows what kind of meetings were held 
in all 87 buildings. It can be noticed that only in 33 

facilities were held regular monthly and in 21 facilities 
regular weekly meetings while most of  the meetings  
were held on irregular basis/if needed.

Figure 8 A dynamic plan was prepared for 60 buildings 
out of 87 analyzed buildings

The Figure 10 shows the types of contracts used in the 
87 analyzed buildings. It can be noticed that as many 
as in 62 cases of attorney non typified contracts were 
concluded, of 16 modified FIDICs, and in only 9 cases  
original international release was used.

Figure 10 What kind of contracts were concluded for 87 
analyzed buildings

The Figure 11 shows the percentage and number of 
contractors who were penalized due to unjustified 
delay in the completion of the construction, out of 87 
analyzed buildings which is 5.75%.

Figure 11: Ratio of contractors penalized due to  unjustified 
delay in the completion of building out of a total of 87 

analyzed buildings compared to those completed within the 
deadline or within the agreed extensions
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5. CONCLUSIONS AND 
RECOMMENDATIONS

In order to contribute to the increase in the number 
of construction projects that will be built with the 
required quality within the deadline and with the 
foreseen budget, the following general conclusions and 
recommendations were made:
•	 project management requires continuous planning, 

synchronization, implementation and control of 
activities by experienced experts, appropriate to the 
category and complexity of the facility;

•	 to continuously monitor and control the real 
dynamics in relation to the planned, in order to 
timely perceive possible deviations;

•	 good knowledge, timely monitoring of changes in 
the legislation and its application;

•	 the procedure for regulating the changes during 
construction is complex and requires a great deal 
of effort and time, so a simplified and functional 
solution for fast and efficient acting in such cases 
needs to be adopted;

•	 each of the parties involved in the construction, 
within its competences, should have a plan for 
dealing with the changes of the laws;

•	 construction of buildings requires large investments, 
and on the other hand, the construction has to meet 
all requirements in compliance with the legislation, 
contract documentation, technical rules, standards 
and norms. Therefore, the great responsibility that 
the participants have,  that  should be provided 
with the appropriate working conditions including 
independence of action; is becoming clear.

•	 the quality of the completed works should meet 
at least the criteria prescribed by the applicable 
standards for that work, rulebooks, technical 
conditions, laws, projects, but also meet the 
obligations assumed in compliance with the 
contractual documentation. In fact the quality has 
to be achieved  on the whole building and on all 
individually performed works;

•	 in order to successfully manage the procedures for 
regulating the changes during the construction, it 
is necessary to hire and nominate experienced and 
competent personnel in due time by the investor, 
contractor, supervisor, and if necessary the designer 
and other participants who will be provided with the 
necessary working conditions;

•	 common to all participants in the construction is the 
great responsibility they have for their actions in terms 
of security achieved, technical compliance, justification, 
cost-effectiveness, transparency, legitimacy and 
legality. But the responsibility of the participants 
does not end with the completion of the construction. 
All of the above mentioned responsibilities have a 
continuous and permanent status. It is specific that 
different parts of the legislation have priority for  
different participants in the construction, depending 
on their role in the construction.
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INFRASTRUCTURE 
SLOPES INSTABILITIES: 
TRADITIONAL METHODS 
OR ADVANCED MODELING 

Abstract
Slope instabilities have a significant negative impact 
on transport networks worldwide. Different factors can 
cause slope failures and erosion, but one of the most 
actual is climate change i.e. extreme rainfall events. Our 
engineering tradition is to design slopes according to 
the limit equilibrium approach and in many cases, this 
leads to satisfied project requirements, but we are usually 
faced with stability problems and landslides during the 
construction and exploitation period. This paper presents 
stability analysis of a slope cut designed according to the 
traditional limit equilibrium method and provides advanced 
limit equilibrium and FEM analysis taking into account the 
soil moisture. Using the shear strength reduction technique, 
the obtained FoS by FEM is lower than the obtained from 
limit equilibrium methods. When suction stresses are taken 
into account, the FoS increases, but it falls during and 
after rainfall. The FoS – pore water pressure distribution 
relationship is found to be linear. Finally, тhe main goal is 
to emphasize the need for analyzing the earthwork slopes 
stability with slope – vegetation – atmospheric interaction 
and to use hydromechanical models to simulate the soil 
behavior using FEM to minimize risks and financial costs.

Keywords
slopes; stability; erosion; factor of safety; slope – atmospheric 
interaction; climate changes.

1. INTRODUCTION
Slope instabilities have a significant negative impact on 
transport networks worldwide. Different factors can cause 
slope failures and erosion such as extreme weather events 
in terms of climate variation, seismicity, traffic (over)
loading, etc.

To better understand the processes that lead to slope 
destabilization, it is necessary to develop and undertake a 
combination of laboratory and field investigations, coupled 
with numerical modeling and/or physical modeling in some 
cases.

Our engineering tradition that has remained unchanged 
for decades is to design slopes according to the limit 
equilibrium approach without taking into account the 
atmospheric impact, changes in moisture content, risk, 
and reliability assessment. This deterministic approach 
uses ground properties defined by the laboratory and 
field tests. In many cases, according to the main design, 
the obtained slope angle meets the project requirements, 
but we are usually faced with stability problems during the 
construction and later in the exploitation period.

This paper presents stability analysis of a slope cut designed 
according to the traditional limit equilibrium method, but 
also provides additional limit equilibrium analysis taking 
into account the soil moisture and another analysis made 
with the finite element method.

The main goal is to emphasize the need for analyzing 
the stability of the slope taking into account the slope – 
vegetation – atmospheric interaction using more advanced 
models and methods. Soil parameters can vary due to 
wetting and drying cycles i.e. changes to water ingress 
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and egress into and from the slope. Also, the movement 
of water within slopes overtime needs to be monitored. 
Such phenomena can also be taken into account by the 
probabilistic approach by varying the ground parameters. 
The finite element method (FEM) can also be a powerful 
tool when analyzing slope failure where it occurs “naturally” 
through the zones in which the shear strength of the soil is 
insufficient to resist the shear stresses [1].

The process of moisture exchange on the slope surface 
in unsaturated soil is caused by water infiltration from 
precipitation, evaporation, and transpiration through 
vegetation. This process is also known as slope-vegetation-
atmosphere interaction. The stability of shallow 
unsaturated zones from the slope above the GWL is 
dependent on the presence of suction in the pores which 
decreases with infiltration. In general, slope stability 
changes over time as a result of changes in soil saturation 
[2]. All these phenomena that should be included in the 
analysis of slope stability are illustrated in the following 
figure.

Figure 1. Soil-atmospheric interaction in unsaturated soils 

2. INSTABILITY EXAMPLES
Different types of instabilities appear on both 
embankment and cut slopes in our country. Some slope 
failure examples and causes are bellowed illustration. 
The first case illustrated in Figure 2 is the failure of the 
embankment slope (left) due to road (over)loading in 
exploitation and inadequate drainage and cut slope 
instability (right) immediately after excavation due to 
changes in the initial stress state and high groundwater 
level.. 

Figure 2.  Deformation on Mavrovo – Debar road and local 
road in the eastern part of Macedonia 

Figure 3. Significant erosion of cut slopes on 
Miladinovci – Stip highway

Another phenomenon is soil erosion due to high-intensity 
rainfall events during the first season of Miladinovci – Stip 
highway exploitation. A high quantity of fines was spread 
on the road after just one rainfall event because the surface 
water drainage canals were filled and lost their function. 

Some landslides occurred during the construction of 
the highway (figure 4 left) and immediately after the 
exploitation started (right) which temporarily closed 
the right half of the highway. Retaining walls have been 
proposed as a remediation measure in both cases.  

Figure 4. Landslides of cut slopes on 
Miladinovci – Stip highway    

 

There are examples of bigger landslides presented in Figure 
5 that occurred on a local road near Kumanovo and on 
Stip – Radovis road which was caused by changes in the 
initial stress state and the runoff water from the hill which 
infiltrate in the cracks and increase the chances of failure.  

Figure 5. Bigger landslides on cut slopes

All these examples should attract engineers’ attention 
to carefully choose the right method for slope stability 
analysis and to include all the possible factors that can 
cause slope failures. 
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3. STANDARD METHODS OF SLOPE 
STABILITY ANALYSIS
Traditional limit equilibrium methods for slope stability 
analysis that are widely used in our engineering practice 
are the ordinary method of slices (Fellenius, 1936), Bishop's 
Modified Method (Bishop, 1955), Janbu's generalized 
procedure of slices (Janbu, 1968), Morgenstern and 
Price's method (Morgenstern & Price, 1965) and Spencer's 
method (Spencer, 1967), etc. All these methods are based 
on the assumption that the failing soil mass is divided into 
slices.

In this paper, slope stability analysis with the limit 
equilibrium method in program RocScience SLIDE [4] is 
presented. Figure 5 presents the slope geometry and the 
adopted soil parameters. The slope height is 24 m with 
the slope angle approximately equal to 1:2. 

Figure 6. The geometry of the cut slope and adopted soil 
parameters for analysis

The results show that the minimal FoS for the potential 
sliding mass defined with the circular critical surface is 
greater than the FoS=1.5 required for static conditions 
in most codes. All the analyzed methods give different 
FoS presented in the next table. For illustration, Figure 
6 presents the critical circular slip surface obtained by 
Bishop’s modified method.

Table 1. FoS obtained for different methods 

сигурност кои се добиени според погоре споменатите методи се дадени во следната 
табела. За илустрација, на следната слика е прикажана рамнината на лизгање која дава 
минимален фактор на сигурност според методот на Бишоп. 

Табела 1. Фактори на сигурност за различни методи 
Equilibrium Method  FS 

Bishop's Modified 1.541 
Janbu corrected 1.555 
Spencer 1.538 
GLE/ Morgenstern and Price 1.538 

 
Слика 7. Критична рамнина на лизгање според методот на Бишоп 

4 .  НАПРЕДНО МОДЕЛИРАЊЕ 
Анализата на геотехничките проблеми со еласто-пластични модели со користење на 
МКЕ се широко прифатени. И покрај тоа, рутинското користење за проблеми на 
стабилност на косини се уште е ограничена. Причината за тоа не е целосно јасна. 
Инженерите се често скептици за потребата од ваква покомплексна анализа, но МКЕ 
нуди реален бенефит како што е пресметката на деформациите, напрегањата, течењето 
на подземната вода, како и интеракцијата косина – атмосфера преку една напредна 
заедничка анализа на течење и деформации. Во таквите анализи нема потреба од 
претпоставка на формата и локацијата на рамнината на лом и ја обезбедува глобалната 
стабилност се додека не се достиген лом (Griffiths and Lane, 1999). 
За да се опише почевеното однесување во механичка смисла, истата е моделирана со 
Mohr – Coulomb-ов критериум на лом [3]: агол на внатрешно триење ϕ=26°, кохезија c=10 
kPa, волуменска тежина γ=18.5 kN/m3, модул на еластичност E=25000 kPa и Поасонов 
коефициент ν=0.27.  
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Figure 7. The geometry of the critical slip surface according 
to the Bishop method

4. ADVANCED MODELING
Analysis of geotechnical problems using elastoplastic soil 
models via FEM has been widely accepted; however, its 
routine use in geotechnical practice for slope stability 
analysis remains limited. The reason for this is not entirely 
clear. Engineers are often skeptical of the need for such 
complexity, but the FEM offers real benefits such as 
prediction of settlements and deformations, calculation 
of GW flow, slope – atmospheric interaction through 
coupled flow-deformational analysis, etc. Also, there is 
no assumption needed about the shape or location of the 
failure surface and it preserves global equilibrium until 
failure is reached (Griffiths and Lane, 1999).

The soil used in this investigation is defined with the 
following parameters as the Mohr-Coulomb failure criterion 
has been used to describe soil behavior [3]: friction angle 
Σ=26°, cohesion c=10 kPa, unit weight Σ=18.5 kN/m3, 
Young’s modulus E=25000 kPa, dilation angle Σ=0° and
Poisson’s ratio Σ=0.27. 

The shear strength reduction technique is used in FEM to 
obtain the factor of safety (FoS). Namely, it is necessary 
to initiate a systematic search for the value of FoS that 
will just bring the slope to the point of failure. Thus, the 
factored shear strength parameters are cf=c/FS and 
Σf=arctan(tanΣ/FS).

Figure 8 presents the model discretization with 15-nodes 
finite elements using the FEM program PLAXIS 2D. 

Figure 8. FEM mesh (model discretization)

Using the shear strength reduction technique, the 
obtained FoS=1.458 is lower than the minimal proposed 
for static conditions. Thus, this analysis shows lower 
FoS=1.458 in comparison with FoS from the limit 
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equilibrium method. Figure 8 shows the critical sliding 
mass if the failure occurs which is quite similar to that 
obtained in SLIDE.

Figure 9. Total displacements after failure (no GWL)

Despite this obtained difference from the two analyses 
with different calculation methods, more factors can 
play a significant role in lowering these safety factors. 
One of them is soil moisture which is changing during 
time and at the same time changes the soil parameters. 
Several methods include this wetting effect caused 
most often by heavy rainfall and water infiltration into 
the unsaturated zone. One of them is the approach 
that takes into account the Ru coefficient which simply 
models the pore pressure as a fraction of the vertical 
earth pressure for each column in the sliding mass.

However, it is difficult to obtain a single Ru value to 
represent the pore water pressure distribution. The 
only condition for which Ru is constant is when the 
piezometric line (GWL) is at the ground surface, which 
rarely exists in nature. Such a situation in this analyzed 
model gives FoS=0.768 in SLIDE which corresponds to 
Ru=0.53 and FoS=0.676 obtained in PLAXIS.

Figure 10 presents the critical surface obtained in PLAXIS 
when the piezometric line is at the ground surface. The 
result shows a deeper slip surface in comparison with a 
naturally unsaturated slope.

Figure 10. Total displacements after failure 
(GWL = slope surface)

 The following diagram shows the linear relationship between 
the Ru value and FoS obtained by Bishop's Modified method.  

Figure 11. Relationship between Ru and FoS

It can be concluded that even small increases in pore water 
pressure, in this case, simulated with the simplified 
method, can be a significant triggering factor for 
decreasing soil strength with depth, induce soil erosion or 
shrinkage-swelling and cracking. 

5. CONCLUSION
This example demonstrates one of the main advantages 
of FEM slope stability analysis over conventional limit 
equilibrium methods. The FE approach requires no a 
priori assumption of the location or shape of the critical 
surface. Failure occurs `naturally' within the zones of 
the soil mass where the shear strength of the soil is 
insufficient to resist the shear stresses. 
Using the shear strength reduction technique, the 
obtained FoS by FEM is lower than the obtained from 
limit equilibrium methods for static conditions.
Suction and pore pressure changes play a significant role 
in slope failures activation and it is recommended to take 
them into account when modeling slope – atmospheric 
interaction analysis using more advanced models. 
When taking into account the suction stresses, the FoS 
increases, but it falls during and after the rainfall events 
as the water infiltrated through the soil.
The pore water pressure distribution can be taken into 
account with some simplifications in the limit equilibrium 
analysis by Ru coefficient which has a linear relationship 
with the FoS.
Finally, it is recommended to use hydromechanical 
models to simulate the soil behavior and analyze the 
slope stability with slope – vegetation – atmospheric 
interaction phenomena using FEM to minimize risks and 
financial costs.
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Апстракт
Traffic safety depends on many factors, but primarily on 
the quality of the designed and constructed roads, as well 
as their maintenance during the period of exploatation. In 
the phase of road design and, certainly, in the period of ex-
ploatation, one of the key elements of traffic safety is well 
designed and constructed roads in accordance with the ap-
plicable norms for road design. One of the stages of road 
design that has a major impact on the quality of roads and 
the degree of traffic safety is drainage. 
Drainage includes several segments: (1) quick and smooth 
drainage of the pavement surface from atmospheric precipi-
tation in order to ensure traffic on dry roads, (2) drainage of 
surface waters from the surrounding basin areas that gravi-
tate towards the carriageway in order to prevent flooding 
and/or damage to the roads under the influence of surface 
waters; and (3) drainage of underground waters from the 
road foundation zone in order to prevent unwanted damage 
to the carriageway under the influence of  underground wa-
ters. These drainage systems, their proper design and dimen-
sioning according to hydrological-hydraulic calculations as 
well as their maintenance in the exploitation stage are the 
subject of this paper.

Key words
hydrological-hydraulic dimensioning, drainage, safety, roads.

1. INTRODUCTION
An extremely important segment of modern life and 
development of each country is the infrastructure 
connectivity, which among other things, implies 
construction of modern and safe highways at a number 
of levels - local, regional, national, highway. No less 
important is the segment of maintenance and upgrading 
of existing traffic structures.
With climate change becoming more pronounced, we 
are witnessing more frequent extreme events in the 
form of intense rainfall and extremely dry periods. These 
phenomena result in frequent floods causing damage to 
settlements and beyond. As a result, there are frequent 
problems and damages in all sectors of modern living.
The problems that arise in the case of traffic lines range 
from minor ones that endanger the safety of traffic due 
to precipitation that leads to wet roads aggravating the 
traffic  conditions to extreme ones caused by occurrence 
of floods inflicting catastrophic material damage to the 
carriageways, endangering the safety of road users and 
culminating in loss of human lives.  
In recent years, we have witnessed catastrophic floods in 
Macedonia which unfortunately caused greater material 
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damage and a greater number of human casualties. 
There are many cases that can be mentioned, but 
presented here are just a few examples.
On August 3, 2015, a catastrophic flood hit the north 
western region of Macedonia - Polog, killing six people 
and causing damage to the municipal infrastructure 
and houses in the town of Tetovo and the villages in the 
surrounding mountainous areas. The total damage due 
to these floods was estimated at 21.5 million euros [1], 

Figure 1.
In June 2019, the traffic in the urban area of Gostivar 
was interrupted by the flood caused by intensive rainfall, 
Figure 2.
The flood that occurred at the Skopje bypass during the 
night of 6 and 7 August 2016 caused material damage 
to the road infrastructure, surrounding villages and 
agricultural land estimated at around 30m euros and 23 
human casualties. [2], Figure 3.

Fig. 3:Flooding of the Skopje bypass, 2016

Fig.1: Disruption of traffic to Jagunovce village due to the 
flood in Polog, 2015

Fig. 2:Traffic disruption in Gostivar, 
June 2019



48 R O A D S • J u l y  2 0 2 1 • n u m b e r  1 3

S C I E N T I F I C - P R O F E S S I O N A L  A N D  I N F O R M A T I V E  J O U R N A L

In these examples of floods that caused major material 
damage, in addition to natural factors that were crucial 
for the occurrence of the floods, it can be concluded 
that drainage systems were of low and insufficient 
capacity, completely inadequately designed or 
completely non-existent.
All this shows that drainage of roads is an extremely 
important segment of road design.

2. NEED FOR DRAINAGE SYSTEM 
AND ITS IMPORTANCE
The continuous presence of water on  road surfaces 
and subsurfaces weakens the carriageways, resulting 
in damages in the form of asphalt deformations, 
folding, cracks and holes. The presence of water in the 
subsurface layer reduces the bearing and load capacity 
of the carriageways. The lack of a drainage system or 
an inadequate drainage system is the main cause of 
damage to road surfaces. Hence, an efficient water 
drainage by means of  an adequate drainage system is 
an imperative.
The importance of road drainage systems was well 
known by the ancient road builders such as the Romans 
and the Aryans, while the pioneers of the modern era 
such as MacAdam, Telford and Tresaguet considered 
a good drainage system to be a prerequisite for 
successfully designed roads and an element affecting 
the length of their serviceability period.

There are generally three main goals of road drainage:
a) Rapid removal of surface water to ensure traffic 

safety;
b) Providing an efficient sub-surface drainage to 

increase the duration of the road; and,
c)  Appropriate treatment of the water from the 

carriageway before it is discharged to the nearest 
recipient in order to minimize its negative impact on 
the environment. [3]

3. TYPES OF DRAINAGE SYSTEMS

Road drainage can be divided into several segments:
(1) Pavement drainage - achieved by appropriate 

longitudinal and transverse pavement slopes 

and facilities for receiving this water (for roads in 
settlements -  appropriate storm sewers that will 
seamlessly accept this water and transport it safely 
to the nearest recipient, while for all other roads - 
an appropriate system of gutters, slope canals and 
culverts),

 (2) drainage of surface waters from the surrounding 
watersheds that gravitate to the pavement -  
achieved by safe intake of atmospheric waters 
gravitating to the carriageways, preventing thus 
damage to pavements and road foundations, and  
regulation of existing watercurses (streams, rivers 
etc.) overpassed by roads (system of ducts, open 
canals, culverts, bridges), and

 (3) groundwater drainage - achieved by dimensioning 
appropriate drainage systems to intake the 
groundwater from the road foundation.

4. DESIGN OF DRAINAGE SYSTEMS

Проектирањето на системите за одводнување 
се состојат од два дела: Хидролошка анализа и 
Хидрауличка анализа The design of drainage systems 
consists of two parts: hydrological analysis and 
hydraulic analysis.

4.1 HYDROLOGICAL ANALYSIS

Hydrological analysis consists of determining the 
referent quantities of drainage water to be used as 
the basis for hydraulic dimensioning. The same can be 
done on the basis of measured precipitation data and/
or measured discharge data, if a constant water flow is 
analyzed.
The quantities of waters drained from the road surface 
for catchment areas of less than 10 km2 are calculated 
according to the known Rational Formula [4]:

Qp=0,278⋅C⋅i⋅A     [1]

where: (Q) [m3 / s] is the discharge, (C) is the 
nodimensional discharge coefficient depending on the 
watershed characteristics, (i) [mm] is the intensity of 
total precipitation, (A) [km2] is the watershed area.
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The discharge coefficient (C) has the value of 0.05 for 
flat sand substrates with a slope of up to 2% and up to 
0.95 for asphalt surfaces. This coefficient has a variable 
value and depends on the percentage of presence of 
asphalt, urban areas, residential areas, green areas, etc. 
in the catchment area as well as the type of substrate/
soil and the slope of the catchment area.
If the watershed consists of a combination of different 
types of surfaces, soils and slopes, the discharge 
coefficient is determined for each surface taken 
separately, while the total coefficient for the whole 
watershed is determined by the following formula:

 A
AC

C ii∑ ⋅
=

 [2]

where:(Ai) are areas with appropriate coefficient (Ci), 
(A) is the total area of the basin.
For the intensity of precipitation, it is recommended 
to use values of rain that falls uniformly, in time and 
space, over the entire basin area, with a duration 
equal to the basin concentration time.The basin 
concentration time (Tc) is herein defined as the time 
it takes for the surface runoff to cross the road from 
the hydraulically most distant point in the basin to the 
profile considered. This concentration time represents 
the sum of the surface runoff time (Tc *) and the flow 
time in the river bed and the tributaries (Tc **), if any. 
Time (Tc *) depends on the slope of the watershed, its 
surface roughness, infiltration characteristics, surface 
depressions, rainfall intensity and other factors and it 
is usually defined by use of some empirical expressions 
as is the equation of Kirpich:

Tc*=0,0195⋅L0,77S-0,382  [3]

where time (Tc *) is in (min), (S) is the slope of the 
catchment area in (m / m), a (L) is the longest line of the 
surface runoff in (m).

For catchment areas larger than 10 km2, the synthetic 
hydrogram method (SCS method) is applied. 
For dimensioning of structures on permanent 
watercourses (bridges), the competent waters for 

dimensioning are recommended to be defined by use 
of statistical methods for definition of flood waters 
with different return periods based on measured flow 
data  [4].
According to IRC: SP: 42-1994: (Guidelines on Road 
Drainage) and IRC: SP: 50-1999: (Guidelines on Urban 
Drainage) the dimensioning of structures within surface 
water drainage systems (gutters, channels, slope canals 
and alike) is done for a referent rainfall with a return 
period of 1 to 2 years.
According to the DPWH Design Guideline (Page 697), 
for dimensioning of bridges, the recommended return 
period  of referent waters is  50 years. For box culvers 
and pipe culverts, it is recommended to be   25 years 
and 10 years, respectively. For channels, gutters and 
slope canals, the return period is recommended to be 
1 to 2 years.
According to JUS U.C4.020-1982, the choice of a return 
period depends on the location and type of road as 
well as local conditions (risk, magnitude and frequency 
of floods and their consequences). For highways, this 
return period is recommended to be 10 years, while 
a 5 year return period is recommended for regional, 
national and local roads. To dimension culvers and 
bridges as an integral part of the road drainage system, 
it is recommended that this return period is 100 years 
for all road categories.

4.2 HYDRAULIC ANALYSIS

For dimensioning side gutters, slope canals and channels 
that accept surface waters from the pavement and the 
catchment area that gravitates toward the pavement, 
the Q-AV continuity equation is used for open channels 
under stationary flow conditions. The velocity of the 
water flow in the channel is determined by the known 
Chezzy equation::

fRSR
n

V 611
=

(m/s) [4]

where: (n) is the coefficient of roughness, which 
depends on the material of which the channel, the 
slope canal or the gutter is made,   its most common 
values being 0.012 to 0.02, (R = A / O) is the hydraulic 
radius calculated as the ratio between the flow surface 
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-A (m2) and the wet perimeter  of the channel O (m), and 
(Sf) is the slope of the energy line which, in conditions 
of a stationary steady flow, equals the slope of the 
channel bottom (Sf=Sо).The water velocity ranges from 
0.3 to 6 (m / s).
The flow in this drainage system should be subcritical, 
i.e., a calm flow. This is confirmed by checking the 
Freud number, critical depth, or critical flow slope in 
open channels (Fr <1,     yk <yo, Sk> So). If this condition 
is not met, the slope of the bottom or the material from 
which the channel is made is corrected by selecting the 
coefficient of roughness.
Drainage water from these channels is discharged to 
the nearest recipient through an open channel system 
or discharged to the nearest culvert to allow water to 
flow from the other side of the road foundation. Prior 
to its release, appropriate measures should be taken 
in accordance with the recommendations for the 
protection of the environment in order to reduce the 
negative impact of this water on the flora and fauna.
A hydraulic analysis of the flow in the culvert zone 
(at the inlet, in and after the culvert), as well as in the 
zone of the bridge structures is performed in order 
to evaluate the effect of the facilities upon the free 
water surface in conditions of stationary uneven flow, 
i.e., whether they have the capacity to accept these 
waters and safely remove them without any adverse 
consequences.

Fig. 4.1: Pipe culverts

Fig. 4.2:  Box culverts

Structures in the river bed (bridges, culverts, etc.) 
that deform the free water surface causing upstream 
elevation are recommended to be modeled in the 
hydraulic analysis by any of the known software, for 
example, HEC-RAS, River Analysis System, Steady 
Flow Water Surface Profilee, using the unidimensional 
concept. The basic energy equation used to determine 
the free water line is:

E

2
11

11

2
22

22 h
g2
Vzy

g2
Vzy +

α
++=

α
++ [5]

where: (y1) and (y2) are the depths of two consecutive 
cross-sections, (z1) and (z2) are the elevation positions 
of the bottom of the cross-sections, (Σ1) and (Σ2) are the 
kinetic energy coefficients due to the uneven velocity 
distribution, (V1) and (V2) are mean velocities at the 
cross-sections, g = 9.81 ms-2 is the gravity acceleration 
and hE is the energy loss determined by the equation:

hЕ= fS L+ К
g2
V

g2
V 2

11
2
22 α
−

α
[6]
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where:( ) is the hydraulic gradient (median slope of 
energy), (L) is the distance between the cross- sections 
1 and 2, and (K) is the coefficient of local loss. Indication 
(1) refers to the downstream section and (2) refers to 
the upstream section. The calculation is performed 
upside down. For a given flow Q = const., the initial 
intersection (1) is determined by all parameters: 
depth, velocity and hydraulic gradient, and the flow 
parameters in cross section (2) are calculated. For the 
modeled section, the initial cross-section is the profile 
located at the farthest point downstream the section 
where the boundary condition is defined by the slope  
(Sf = So) or the normal flow depth.
The following eguation is used to determine the losses 
in the culverts:

hЕ=hf+ hvl+hizl [7]

where: (hf = L) is the loss of energy due to friction, 

(hvl= Кvl

g2
V2

22α

)

is the energy loss due to the inlet structure of the 
culvert, and (Kvl) is the loss coefficient of the inlet 
structure depending on the shape of the inlet structure,  
its values being within the limits of 0.2 to 0.7,  

(hizl= Кizl

g2
V2

11α

)

is the loss of energy due to the outlet structure of the 
culvert, (Kizl) is the loss coefficient of the outlet of the 
culvert depending on the shape of the outlet structure, 
its values being in the range of 0.3 to 1.0.
To determine the hydraulic losses from the bridges, four 
cross-sections are analyzed, Figure 5. Cross-section (1) 
is downstream the bridge and is selected so that the 
structure/bridge has no influence on the flow in the 
river bed. Cross-sections (2) and (3) are located directly 
downstream and directly upstream of the bridge 
structure, while cross-section (4) is upstream the bridge 
profile where the current lines are almost parallel and 
without local influence of the bridge structur.

Fig.5: Location of the bridge cross-sections

The following simulations are possible with hydraulic 
analysis of bridges for different flows:
a) Free flow through the bridge openings (small and 
medium flows);
b) Submersion of the upstream cross-section and free 
flow in the downstream section;
c) Submersion of both bridge cross-sections upstream 
and downstream (passing of flood waters); 
d) Overflowing of the bridge (passing of flood waters).
For case a), the basic energy equation (5) is applied, 
while for the cases under b) equation (8),  c) equation (9) 
and d) equation (10), the following  equation is applied:

2/12
33

3Q g2
V

2
zyg2ACQ 







 α
+−= [8]

where: (CQ) is the flow coefficient (CQ = 0.27 ÷ 0.5), (A) is 
the flow cross-sectional area of the bridge openings in 
the upstream section, (y3) is the depth in the upstream 
cross-section of the bridge (3), and (z) is the vertical 
distance from the bridge substructure to the bottom 
of the river bed in the upstream cross-section of the 
bridge.

gH2CAQ = [9]

where: (C) is the flow coefficient for the submerged 
flow (C = 0.8), (A) is the cross-sectional area of the 
bridge, and (H) is the pressure of the submerged flow 
(the difference between the energy line in the upstream 
cross-section of the bridge and the water level in the 
downstream cross-section of the bridge).

2/3Hg2CBQ = [10]
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where: (C) is the overflow coefficient for a wide 
threshold overflow (C = 0.35 ÷ 0.386), (B)  is the overflow 
width or the effective length of the bridge affected by 
the overflow, (H) is the overflow height or overflow 
pressure (difference between the energy line in the 
upstream cross-section and the bridge superstructure, 
i.e., the overflow edge).

5. CONCLUSIONS 
Drainage systems, their proper design and dimensioning 
according to hydrological-hydraulic calculations as well 
as their maintenance during the exploitation phase are 
a key element of traffic safety. Well-designed roads 
with all their accompanying infrastructure facilities are 
an imperative for modern living. Road drainage systems 
represent systems consisting of gutters, slope canals, 
channels, drains, culverts, bridges and alike. Their task 
is to drain the pavement surface from atmospheric 
waters, lower groundwater levels and capture surface 
atmospheric waters from the surrounding catchment 
area that gravitates towards the road foundation. 
For the system to work, each part of it must be 
proportioned hydrologically and hydraulically, done 
according to project documentation and maintained 
in the phase of operation.

Hydrological analyzes are carried out to define the 
quantities of water that should be accepted by the 
drainage system. The choice of the return period of 
occurrence of flood waters to be used for dimensioning 
depends on the location and the type of road as well as 
the local conditions (risk, magnitude and frequency of 
floods and their consequences).

With the hydraulic calculation, each structure is 
dimensioned according to the recommendations, in 
order to allow the system to intake the water from the 
asphalt surface in the shortest possible time and have 
sufficient capacity to accept atmospheric waters and 
groundwaters and conduct them safely to the nearest 
recipient while respecting the environment in which 
they are released. In order to have a system that will 
function smoothly during the exploitation phase, it 
must be dimensioned to allow undisturbed operation 

with minimum interventions, that is, it must represent 
a system in which hydraulic parameters will prevent 
erosion processes or depositing of eroded material 
that may reduce its capacity, jeopardize traffic safety 
and finally disturb the stability of the road foundation 
or inflict damages
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 Ivan (Krste) Loshkoski,
B.sc. Civil Eng., M.sc.
He was born on May 12, 1971 in Ohrid. After completing the primary education 
at the primary school in the village of Trebenishta, Ohrid, he continued his 
secondary education at the "Niko Nestor" school in Struga – major of civil 
engineering, and graduated summa cum laude in 1989.
That same year he enrolled in the Faculty of Civil Engineering of the "St. Cyril 
and Methodius” University in Skopje. After completing his military service, he 
began his studies in 1990. He graduated from the Faculty of Civil Engineering 
in 1996 in the major of "Roads and Railways", acquiring the professional title 
of graduate civil engineer.
In 2012, he enrolled for Postgraduate Studies in the Faculty of Civil 
Engineering in Skopje, and, on June 26, 2015, he successfully defended his 

master's thesis entitled: "Application of polymer bitumen in asphalt mixtures in roads with heavy traffic loads", 
whereby he was entitled to the scientific appellation of Master of Technical Sciences in the field of Civil Engineering.
In his professional career, he had worked at several companies. In 1994, he founded his own company "Ivstil gradba". 
In 1997, he was employed as a civil engineer at the PE "Makedonijapat" in Ohrid, to perform duties of an engineer for 
regular and investment maintenance. At this position, he managed several important projects of the road network 
in Macedonia. His following professional engagement was with the Croatian construction company "Konstruktor" 
- Split. In 2010, he started working at his own private design company "Proekt Biro" in Ohrid. In the period 2013 – 
2014, he was employed as a Senior Associate at the Fund for Communal Activities at the Municipality of Ohrid, after 
which he continued working at his design company "Proekt Biro" in Ohrid.
He was a member of the Supervisory Board of the Road Association of the Republic of Macedonia and member of 
the Organizing Committee of the First Macedonian Road Congress in 2019. 
Ivan died on March 23, 2021. He was married to Elizabeta and has two children, Hristijan and Evgenija.

IN
 M

EM
O

RI
AM



54 R O A D S • J u l y  2 0 2 1 • n u m b e r  1 3

S C I E N T I F I C - P R O F E S S I O N A L  A N D  I N F O R M A T I V E  J O U R N A L

"In Ljubljana, people who park 
their vehicles illegally in a lot for 
disabled, or commit another traf-
fic offense, are fined 80 euros and 
their names are made public on a 
billboard. Given the "observance" 
of the regulations among our driv-
ers, this could be applied in our 
country as well. The only question 
is whether we have so many bill-
boards."

CURIOSITIES ON THE ROAD

SPEED ON MOTORWAYS IN ITALY
It is a well-known fact that Italians manufacture 

and fancy fast sports cars. There is almost no one 
who has not heard of Lamborghini, Ferrari, Maserati, 
Bugatti, Alfa Romeo… Every new model has better 
performance, higher speed.

However, until recently, the maximum speed limit 
on Italian motorways was 130 km/h for dry conditions 
on the road and 110 km/h if it in rained.

Now, the maximum speed limit has been raised to 
150 km/h, but this will only apply to certain motorways, 
mostly those with three lanes.

A 73-YEAR-OLD LADY DRIVING AT 298 KM/H?

A year ago, a 73-year-old woman was fined 600 
euros and 6 negative points in the Spanish province of 
Andalusia, for exceeding the maximum speed limit of 
60 km/h on a local road. The automatic radar in the city 

of Ronda recorded that the lady drove at an incredible 
speed of 298 km/h.

This was one of the big news in the media – an 
adult lady drove her vehicle too fast, but she denied 
and complained to the authorities that, according 
to the factory specifications, the maximum speed of 
her small Audi Q2 crossover was 221 km/h, but the 
explanations did not help.

A year later, after the court proceedings 
were completed, the court in Barcelona annulled 
the sentence of the lady and apologized for the 
inconvenience, as it was concluded that the automatic 
radar had a technical fault and the speed of 298 km/h 
was incorrectly measured.
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FAST DRIVING IN MACEDONIA
A research conducted by RCRTS, MoI and AMAM 

(published in a flyer), shows that as much as 86% of 
drivers in the Republic of Macedonia have violated the 
speed limit rules, and even a high 20% of drivers do this 
frequently.

The latest controls carried out by the authorities 
during the extended weekend in May (21 - 25 May 2021) 
reveal that about 1,800 fines have been issued. Many 
of these cases were for speeding more than 70 km/h 
over the speed limit.

The operations carried out by RCRTS and the 
Ministry of Interior aim at reducing the number traffic 
accident related injuries and deaths.

The police in the Republic of Bulgaria have 205 
devices to control speeding on the roads, plus about 
a hundred radars mounted on police vehicles. There 
are also plans to reinforce speed control by using more 
than 100 cameras available at the Toll Service for toll 
vignette control. However, legal amendments and 
certification by the Institute of Metrology are required 
in order to materialize this idea (measuring the average 
speed between two points), which will contribute to 
improved control and increased safety.

In France, in addition to these and similar 
measures, other ideas are used as well. For example, 
a roadside billboard reads: "If you drive slowly on the 
highway, you will be able to see some of our villages – 
they are very beautiful. "If you drive too fast, however, 
you will see our prison - it is very nasty."

CHINESE MOTORWAYS
For quite some time now, Chinese builders have 

amazed the world with their works in the field of 
highways. Their last accomplishment is impressive 
both as an idea and as an engineering venture.

It is a highway built on a bridge structure in Guizhou 
Province, where the largest semicircular turn (U-turn) 
is constructed, for vehicles to reverse the direction of 
travel.

The idea behind building this magnificent solution 
is to allow careless drivers to correct their mistaken 
direction of travel and give them a possibility to make 
a semicircular turn into the reverse direction in less 
than 1 km.
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