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THE FOREWORD

Traditionally, for the eighth time now, the International Conference “Civil
Engineering — Science and Practice”, GNP 2022 gathers us aiming at
considering various topics and exchanging ideas of contemporary trends in
civil engineering, once again in beautiful Kolasin.

The previous conference GNP 2020 had to be finished one day earlier
than planned, due to the outbreak of COVID-19 pandemia. It has been
followed by two-year period of slow investment activities, not only in the
domain of civil engineering, and rapid ICT development. One of the aims of
GNP 2022 is to contribute to the change of the current economic situation
and, consequently, to the evolution of construction sector, through innovation,
research, discussions and exchange of views.

GNP 2022 Proceedings collects 126 papers of 290 authors. Much higher
number of conference participants, from 26 countries of Europe and beyond, give
their precious contribution to GNP 2022, not only through writing, but also
through other forms of active participation, such as paper reviewing and
presentation, personal presence or online lecturing, significant support of sponsors
and friends from Montenegro and abroad. We are grateful to all these colleagues
and companies/institutions for enabling this GNP conference to be as it is.

Special thanks for all support and assistance in GNP 2022 realisation to
the co-organiser — Engineers Chamber of Montenegro, Chamber of Civil
Engineers.

We do hope discussions and presentations from GNP 2022 will be an
additional incentive to advance the future of construction, in function of peace
and progress of humanity.

Podgorica, March 2022 GNP 2022 ORGANISING COMMITTEE
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MEASURES TO IMPROVE SAFETY ON EXISTING MAIN STREET 101

Abstract

Identifying and classifying accident black spots on urban roads is a critical element of road
safety research.

An accident blackspot treatment program is a safety improvement program that can reactively
deal with accidents. However, implementing such a program requires relevant accident data,
which are generally unavailable or limited in developing countries. Thus, this paper proposes a
supportive approach (public participation) to overcome this hindrance.

Residence can identify locations where accidents occurrences are unusually high, and their
input is potentially helpful for the identification process. In addition, besides the indirect
benefits to creating public awareness, the proposed methodology is potentially helpful for
speeding up and economizing the accident spot locations identification process. Finally, the
paper proposes various construction and traffic safety measures to improve safety.
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1.  INTRODUCTION

Frequent traffic accidents of a recurring nature occur in the case over a long period. In
addition to the accidents between the participants in the traffic on the defined move, most often
caused as an additional problem is damage to the surrounding public and private properties.

Requested by residents of this location and with the mediation of the Municipality of
Volkovo, an initiative was launched to improve the safety of traffic participants.

The solution envisaged to improve the safety of this section includes a construction and
traffic approach. The causes will be defined first, a gradation from more difficult to more
straightforward cases, and their solution will be approached.

2.  EXISTING CONDITION

The section that is being developed is located in the Municipality of VVolkovo on the main
street 101 near the railway in a length of about 500m. The scope includes three surface junctions
and ten direct connections to the main street. On the horizontal plan, the axis consists of three
directions and one "S" curve with radii of about 120 and 80m. An additional problem that impairs
traffic safety is the two bus stops, opposite each other, for which, although no niches have been
made, they are not correctly marked for traffic.

..........

Figure 1. Location of the street
The street is formed with 2-3 minimal violations in the longitudinal profile with a
longitudinal slope of about 2-3%.

The street profile consists of two traffic lanes with a width of 2.75 m (total 5.5 m) without
sidewalks or a defined pedestrian belt. In the road profile from the side, there are poles for
electricity and telephony and distribution boxes for the same at the height of about 1.3 m.

The pavement surface is damaged and does not have a suitable transverse slope
corresponding to the horizontal radii.
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Figure 2. Existing condition of the street

This section has no drainage elements (maintenance holes with grids or gutters), and all the
surface water flows into the surrounding yards.

The lighting of the section is too dim, and in some places, it is covered by the nearest trees.

3.  OBSERVED TRAFFIC ACCIDENTS

Due to the lack of data on traffic accidents from the Ministry of Interior and relevant
institutions, a survey was conducted of the population living near the location in question, and the
following accidents were identified that occurred in two years:

- Accidents from a head-on collision, around 5,

- Rear collision accidents, around 4,

- Side accident, around 7,

- Accidents with injured pedestrians, around 3,

- Accidents with flying off the road towards buildings, 5.
Fortunately, no deaths have been reported so far.

4. MEASURES TO IMPROVE SAFETY

Measures to improve safety can be classified as construction and traffic measures or a
combination of both.

41. CONSTRUCTION MEASURES

The construction measures that will be applied for all types propose a standard solution of
the road structure, according to the number of heavy load axes (and there are many of them) and
the application of road structure with coarse fractions and a load-bearing layer of eruptive origin
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that will allow greater friction and longevity of the road structure. Also, with the construction
approaches, a detailed drainage solution is proposed through the organization of the slopes and the

installation of point receivers to reduce the length of the water flow and prevent the occurrence of
aquaplaning.

4.1.1. Construction measures outside the border of the regulatory line

These measures are a general approach because they dictate a kind of reconstruction or new
planning of the axle and the geometric transverse profile of the road, according to the speed
defined for this section. According to the standards, regulations, and guidelines for this type of

road, a traffic street with two traffic lanes corresponding to a calculated speed of 40 km / h can be
applied [1].

2.00 3.00 3.00 2.00
/}/ / 1 /‘( T

P ts ts o)

Figure 3. Geometrical cross section of proposed street (outside of the regulatory line border)

The street axis will be minimally reduced, and the predicted future traffic dynamics will
define precise transition curves. The visibility will be checked in the horizontal plan, and all

obstacles in the visibility zone or the visibility triangle at the intersections will be moved or
removed [2].

As it is the main street with a significant number of pedestrians, a solid profile of pedestrian
paths is proposed, on both sides of the street, with additional space for placing candelabras,
dislocated poles, and other service equipment of the municipality. In addition, it is necessary to

make appropriate bus stops at post-cruise locations. The same places will be appropriately marked
and lit.

Without continuous sidewalks
]

= —e ~—18.00 (20*)—~

12.50 (2,25) >3,50 (X
*Joint bus ~~2.00-4.00
With continuous sidewalks

g —— ~—18.00 (20*)—

12.50 (2,25) 2.50 (2,25)

*Joint bus min 2.5

Figure 4. Opening niches for bus stops
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Of course, this approach to reconstruction is the most rigorous and to the most significant
detriment of the surrounding population because private plots are expropriated. However, it is the
safest solution on the planned road.

4.1.2. Construction measures within the border of the regulatory line

These measures include minimal correction of the axis and adjusting the typical cross-
section within limits as per the regulation line.

Here, a standard road profile can be envisaged with a minimum lane width and a small

sidewalk width only and a buffer curb on the other side (existing solution) due to the constraints
defined by the construction scope.

1.50 2.75 2.75 1.00
A + A f

P ts ts b

Figure 5. Geometrical cross section of proposed street (inside of the regulatory line border)

The rehabilitation that would be done on the road would follow the longitudinal and
transverse slopes to a large extent and maintain a generally fixed width of the cross-section along
the entire section [2].

These corrections propose removing or dislocating the existing municipal contents, such as
candelabra and service equipment, cables, outside the pedestrian zone, and their eventual
placement in the sidewalk zone [3].

42. TRAFFIC MEASURES

These measures include horizontal and vertical signaling of three types, namely:
- Traffic signalization of extended construction profile,

- Traffic signalization of construction profile within the limits of construction scope
(rehabilitation) and

- Traffic signalization of an existing solution (without construction works).

4.2.1. Traffic signalization of extended construction profile

This measure includes standard traffic signals with particular attention to speed limits,
pedestrians' regulated movement, and their protection and definitive formation of bus stops in
niches.

4.2.2. Traffic signalization of construction profile within the limits of construction
scope

This solution gives a more rigorous approach to protecting pedestrians and their clear
direction from the bus stops to the pedestrian paths and vice versa. In addition, the traffic visibility
of the pedestrian zones is regulated with reflective traffic signalization.
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Figure 6. Bus stop on existing carriageway

Because the bus stops are on the street and cover a large area, it is necessary to double log
them back with vertical signalization and setting ramps to reduce speed.

The entire length of this section should be marked with a solid line, which will limit the
overtaking of vehicles in both directions[4].

4.2.3. Traffic signalization of an existing solution

Although this measure is the cheapest from a construction aspect, it is the most expensive
in terms of traffic because all possible measures and traffic approaches will be applied here to
increase the visual visibility, and thus the safety of traffic participants.

The first measure that is applied is the speed limit with vertical signalization of 40 km/h.
Together with this measure, the overtaking of vehicles is limited. In both directions of movement,
at the beginning and the end of the section, it is planned to set announcement vibrating lines, and
after them at 50m in front of the bus stops to set up calming ramps intended only for cars.

SRR SLL

Figure 7. Vibro lines
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Figure 8. Calming ramps for cars

In addition, due to the reduced visibility, convex mirrors will be provided on both sides of
the curve, which will enable the perception of a possible collision of vehicles from the opposite
direction and the connection of vehicles from neighboring intersections and buildings.

- . i~

|
'
'
|
L}
3

Figure 9. Convex mirror

At the road's edges, it is advisable to place high reflective poles on both sides to protect
pedestrians moving on the buffer paths.
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Figure 10. High reflective poles

In the middle of the road, on the white line at a distance of 5 m to place reflective signs that
will have a dual function, visual display of the lane, and vibrating warning for a possible exit from
the traffic lane[4].

Figure 11. Reflective badges
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5. CONCLUSION

The scope section is a black spot related to the earlier traffic accidents. However, it is not
unique. Such locations on municipal roads throughout Macedonia are many and are little treated.
At least on the main roads, it is advisable to make similar analyses by defining the number of
accidents and preparing appropriate documentation to improve and overcome such problems.
When making such analyzes, the solutions should always be sublime from a construction and
traffic aspect so that a more expedient solution towards a better level of service can emerge.

The standard design of streets in rural areas usually covers these measures, but this design
may never happen. For this reason, it is necessary to take the initiative for their early detection.

It should be considered that smaller municipalities do not always have the necessary staff to
recognize these problems. In such cases, it is advisable to inspect such sections by the competent
authorities at the regional level, which specifically treat only the safety of the roads.
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