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Knowledge comes from the analysis of successes and un-successes. Case Studies collection
represents an important step toward the construction of knowledge.

PIARC Case Studies Catalogue contains the description of a set of interventions designed,
implemented and operated worldwide to improve road safety in three specific fields: Vulnerable
Road Users (VRUs), Human Factors (HF) and interventions in Low- and Middle-Income Countries
(LMICs) . Some of them are examples that already proved to be effective in increasing road safety,
others are interventions implemented to solve a specific safety problem that in the future years will
prove their effectiveness, other are projects designed to face an identified problem, others are
conceptual solutions.

The PIARC Case Studies Catalogue is realized to be enriched in the future with new case studies,
showing other applications, different solutions to solve the same problems and better representing
the safety interventions applied or applicable in LMICs. It should be also implemented with the
addition of future proves concerning the safety impact of the case studies included in the first
edition.

A Case Studies Catalogue form a sort of data base available for future post-processing and analysis
aimed at identifying best practices once the effectiveness of the described solutions will become
clear in future, enriching the existing safety engineering culture.

In the meanwhile, the PIARC Catalogue of Case Studies represents an added value for practitioners
and engineers involved in managing and maintaining the existing road network. Looking at how one
safety problem has been solved elsewhere, their capacity to identify the most suitable solution to
be tailored to their specific traffic and environmental conditions could increases, growing the
awareness of road safety.

The report contains a first part where the procedure followed by the WG for the collection of the
case studies is presented. Furthermore, some statistics are given about the case studies, followed
by three specific paragraphs, one for each topic (VRU, HF, LMIC), where general discussions are
presented about the possible countermeasures and a key of lecture is given in order to better going
through the reading of the presented case studies.

The report can be used by road engineers and National Road Authorities (NRAs) to assist in
designing cost-effective countermeasures where problems exist on the road network.
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In the period 2016-2019, PIARC TC C.2 decided to work on the theme of road safety improvements
relevant to “Vulnerable Road Users” (VRU), “Human Factors” (HF) and “Safety problems and
potential countermeasures for Low- and Middle-Income Countries” (LMIC). This included the
preparation of a “Catalogue of Case Studies” that would be useful to road designers, engineers,

technicians or administrators who are involved in the improvement of road safety.

This report deals with the presentation of 68 case studies provided by 21 countries and describes
situations in which a safety problem was caused by an incorrect interpretation of the road
environment, a misunderstanding by the driver or an unexpected feature of the road and traffic
conditions. In many situations, the road environment has confused the driver and prevented the
intended reaction from taking place. Consequently, the operational error has resulted in a possible
driving mistake and led to a collision occurring. This catalogue of case studies describes how these
problematic situations were solved by means of targeted countermeasures, aimed at eliminating
or reducing the misleading environment created by the road.

Describing and discussing case studies is a valuable way to demonstrate the relevance of various
road safety countermeasures and to provide a solid database for subsequent investigations. This
report, by the others, could provide an added value to the on-line Road Safety Manual [1]. Sharing
case studies helps road safety auditors and inspectors to tackle with a great variety of problems [2]
(3] [4].

The topics considered in this Report include:

Vulnerable Road Users (VRU); which is still an unsolved or ongoing road safety problem. Despite
the many efforts that have been made in the last decade, including the generally positive results
from driver safety, data shows that vulnerable road users are benefiting less from road safety
treatments (for detailed information see also PIARC document [1]);

e Human Factors (HR); a topic that has been increasingly considered within design,
road safety intervention and analysis. This subject is necessary when defining
road safety improvements based on a pro-active approach, whose objective is to
prevent the occurrence of driving mistakes rather than reacting to the accident
consequences (for detailed information see also PIARC document [2]);.

e Solutions and possible interventions applicable in Low- and Middle-Income
Countries (LMIC); building on the experience of High Income Countries. The
background information concerning these countermeasures is included in the
PIARC document Catalogue of design safety problems and potential
countermeasures [1], to which reference should be made for more detailed
information. It is recognized, however, that in many LMICs road user behaviour
and a poor level of enforcement remain the biggest challenges in improving road
safety.

All case studies collected have been grouped into these three topics according to their main
interest, even if they had transversal relevance (relevant to more than one topic). This Catalogue is
organized into three parts, each part devoted to one of the selected topics.

Itis intended that this document will be added to in the future, with updated information regarding
the treatment evaluation and with the description of new case studies, to provide an extensive
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catalogue of relevant case studies to illustrate the application of Safe System approach described
in the PIARC Road Safety Manual.
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In 2017, an international survey was launched by the PIARC General Secretary, requesting case
studies relevant to the following road safety topics; Vulnerable Road Users, Human Factors, Setting
Credible Speed Limits and Safety Countermeasures for LMIC.

To collect the case studies, a 5-steps procedure was applied:

Stage 1 — Determining which areas were most relevant to each safety issue. This included a
thorough review of the PIARC Catalogue of design problems and potential countermeasures [7], to
identify any areas in which additional case studies would be most beneficial.

Stage 2 — Collecting case study proposals. At this stage, case studies were collected with just
general information: the main features, a short description and some descriptive material (photos
or similar).

Stage 3 — Choosing the most relevant case studies. Each proposed case study was carefully
analysed and the case studies that appropriately addressed either topic were selected, and
additional information were requested in order to create a complete case study proposal.

Stage 4 — Collecting more detailed information about the choosen case studies. The additional
information required concerned the description of the safety problem, the proposed solution, the
justification used to support the treatment and any validation or safety evaluation completed on
the implemented treatment.

Stage 5 — Drafting the report.

It is noted that all case studies attached within this report reflect the ideas of their Authors and do
not necessarily reflect the views of PIARC TC C.2 WGs members. Nevertheless, all case studies were
analysed and are considered appropriate for the identified topics.

At the end of stage 4, a total of 68 case studies were selected for the catalogue.

As shown in Graph 2.1, many countries contributed their case studies. Figure 2.1 highlights the
countries in a world map, showing that case studies were received from all over the world. China,
Italy and Spain each provided eight studies. Relatively few case studies were received from South
America, Africa, Asia and Australia. This will be addressed in future upgrades of the catalogue.
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Figure 2.1 - Countries (in blue) that provided the case studies

The analysis carried out in stage 3 highlighed that many of the countermeasures reported in the
case studies can be associated to more than one safety topic. For example, improving a pedestrian
crossing by making it visible to drivers from distance, is a safety measure that improves the safety
of the VRUs by improve the Human Factors features (optical guidance) of the road.

The following table provides the entire list of case studies available in the Catalogue (sorted by
country), specifying which are the safety topics addressed.

The detailed description (stage 4) of each case study is reported in chapter 6 under the heading of
the main addressed safety topic.
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Topic Addressed

N. Name/Title Country
VRU HF LMIC
1 Additional Marking for Powered Two Wheels Austria X X
2 Infrastructure Modification, Montebello Canada X X
3 Spggd_ and acces.s management with pedestrian Canada y «
facilities, Shawville
4  Road Safety in Rural School Areas Chile X X
5 A case study of adding LED lighting facilities for China «
crosswalk
6 A case study of color wide solid center line China X
7 A case study of improving of visibility China X
8 A case study of separation of two-way traffic flow China X
9 A case study of Setting a large reduction mound on the China « «
crosswalk
10 A cas.e stydy of the optimization of the planar cross China y
canalization
11 Guizhou province anshun city X462 road China X
12 Setting of.dlmen5|on stone pavement on highways China «
through village
13 Wrong way driving on motorway E18 Halikko ramp, Finland «
Salo
14 Wrong way driving on motorway E18 Pappila ramp, Finland «
Salo
15 AudioTactilesSystems-RunOffRoad-DrivingSimulator France X
16 AudioTactilesSystems-RunOffRoad-InSitu France X
17 Experimentation of a modification of the signalisation France «
layout by Flashing directionnal arrows (FLR)
Kinematics of powered two-wheelers (PTW) at bends
18 . . France X
on intercity roads
19 Visual Information Infrastructure France X
20 Brandenburg Germany X
21 Cottbus Germany
22  Erfurt Germany X
Human Factors Countermeasures in a fatal accident
23 Germany X
curve
24 Schwetzingen Germany X
25 Stralsund Germany X
26  Wehr Germany X
. . I li-
27 Design of crosswalks for children srael X
Sweden
28 Crosswalk removal Italy X
29 Dangerous School Crosswalk because of high traffic Italy X X
30 Optical lllusion in a Collector Road Tunnel Italy X
31 Reall.zatlon of a well-respecting 20 km/h Zone, Lignano Italy « «
Sabbiadoro
32 Safety Intervention on a Junction Italy X
School Crosswalks with low visibility + Sidewalk
33 Italy X
Advancement
34 Speed Management in Motorway Work Zone Crossover Italy X
35 Speed Reduction Schemes on Urban Collector Road Italy X X
36 Installation of “Soft” Rising Bollard to eliminate through [ <

traffic from school route
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37

38
39
40

41

42

43

44

45

46

47

48

49

50
51
52
53
54
55

56
57
58

59

60
61
62
63
64

65

66

67
68

Sequence design of the internal space of the tone
suppressing speed excess

Proposals for Potential Countermeasures in LMICs
Emergency braking ramp on roads and highways
Road Safety Inspection of Highway MEX-057

Road Safety Inspection of the Free Federal Highway
Mexico-Toluca

LCEM on a dangerous trunk road: Markings and
Signings

Low Cost Engineering Measures on a dangerous trunk
road: Perceptual treatment

Arranging a pedestrian crossing on DN 28, in Valea
Lupului, lasi county

Re-arrangement of a pedestrian crossing on DN 28, in
Baltati, lasi county

Re-arrangement of a pedestrian crossing on DN 28, in
Baltati, lasi county

Arrangement of a turning point for vehicles at DN 28
km 65 + 400, in Valea Lupului locality, lasi county
Building wider and dedicated cycling paths to segregate
pedestrians and cyclists

Changing the Character of Roads within Silver Zones to
lower speed limits

Introducing Broader Alignment Lane Markings
Introducing Traffic Calming Markings (TrCM)

Bad layout parameter

Calming measure in town Podturn

Credible speed limit in Zone 30

Safer Way to School

Construction of elevated pedestrian walkways or
underpasses

Correction of alignment perspectives
Countermeasures in areas with risk of rear end
collisions

Narrowing of lanes in areas of reduced speed
(crossings, etc.)

Protected Cycling Routes

Segregated cycle paths from the main traveled way
Signing and delineation of curves

Visibility improvements at intersections

Bicycle passages and bicycle crossings

Evaluation of use of salt (NaCl) and sweep of snow on
bicycle lanes

Warm wetted sand for skid control of walkways and
bike paths

New Road Marking in the Federal Roads

Treatment of route 9 corridor

Japan

Madagascar
Mexico
Mexico

Mexico
Portugal
Portugal
Romania
Romania
Romania
Romania

Singapore

Singapore

Singapore
Singapore
Slovakia
Slovenia
Slovenia
Slovenia

Spain
Spain
Spain

Spain

Spain
Spain
Spain
Spain
Sweden

Sweden

Sweden

United Arab
Emirates
Uruguay

Table 2.1 — Presented case studies

X X X X X X
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2.1. EFFECTIVENESS OF DESCRIBED COUNTERMEASURES

Many (but not all) case studies include the description of the activities performed to evaluate the
effectiveness of the implemented safety countermeasure. Out of 68 collected case studies:

e 43 cases (63%) include the evaluation of the effectiveness by means of before-
after study;

e in 3 cases (4.5%) the effectiveness was evaluated by means of studies in virtual
reality (driving simulation studies);

e in 1 case (1.5%) an evaluation survey was launched and

e in 21 case studies (31%) no effectiveness study has been referred to.

Out of the case studies for which an effectiveness study is referred to and considering the
transversal reference:

o 47% tackles VRUs safety problems;
e  62% tackles HF and
o 13% refers to LMIC

Future upgrades of the catalogue should add the confirmation of the proven effectiveness of the
evaluations, at present missing.
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3.1. RELEVANCE OF VULNERABLE ROAD USERS IN ROAD SAFETY

Vulnerable Road Users (VRUs) include those with the greatest risk of injury because of their
insufficient physical protection and their relative speed difference with conflicting transport modes.
VRUs can be divided into four main user categories: pedestrians, cyclists, riders of powered two-
wheelers (referred to as motorcyclists) and light duty farm vehicles or animal drawn vehicles [2].

Half of all road fatalities are VRUs: motorcyclists (23%), pedestrians (22%) and cyclists (4%) [2],
therefore the share of VRUs that become victims of road traffic, is of particular concern [3].

Treating the VRU safety issue is extremely difficult and is different in each country given the context.
There is a long list of safety treatments already available in current literature. However, data shows
that VRUs are benefiting less from typical road safety improvements. In addition, road safety
policies have not been successful in improving protection for vulnerable road users. The latest
available data shows that reductions in road deaths among pedestrians, cyclists and motorcyclists
have leveled off since 2009/10 and in some cases, increases have been recorded [4].

The rate of deaths involving VRUs is very different throughout the world. The African region has the
highest proportion of pedestrian and cyclist deaths - 43% of all road traffic deaths - while these
rates are relatively low in the South-East Asia region (see Figure 3.1). This partly reflects the level
of safety measures in place to protect different road users and the predominant forms of mobility
in different regions [2].

Road traffic deaths by type of road user, by WHO reglon

World
4%
21% 2264
Europe
4 Eastern
W Cyclists R Mediterranean 31% S 23%
W Pedestrians —_— 14% e
Motorized 2-3 wheelers 26% 3%
r.a;o«upants L M. - 21%
o .4 1%
the lh B i 1% S
a7 4 South-East
A Asia
%
340 13%

The Americas
- 3% 16% S 34%  Western
: ~ Pacific
22% Africa
1% 14% LA
5% 23%
22%

 34%
-—

Figure 3.1 — death by road users’ category (PIARC, 2009)
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In fact, the highest number of all road related deaths occur in low-income countries, where the
fatality rate is more than double those in high-income countries. This creates a very
disproportionate number of deaths relative to the countries’ level of motorization.

In most countries, more than half of the VRU road deaths occurred in urban areas, where there is
often dedicated infrastructure (e.g. pedestrian crossings) or where they are permitted without any
intervention [5]. It is for this reason, that dedicated action is required to ensure safer mobility in
urban environments; a task that is being undertaken by the new ‘Safer City Streets’ network of
cities created by the International Transport Forum [3].

If we are to remedy the situation, or at least build a strategy that reduces the number of VRU
deaths, then we must change the approach of many road engineers and National Road Authority
(NRA), by encouraging the use of countermeasures that improve safety for all road users.

There is an extensive library of literature available on the issues involving VRU safety and the
relationship between VRUs and the built environment. These publications provide an overview of
the effectiveness of different safety treatments. The monitoring of safety treatments carried out to
improve safety for VRUs, represent an important source which may be used for decisions by
engineers and planners [4].

Nowadays there are a number of countries (mostly high-income) that have already changed their
approach to this problem, by implementing corrective measures that improve road safety and
accessibility. Among these, the nations of northern Europe can be aspired to as a starting point for
countries with a growing problem, or for those countries in which the VRUs accident rate must not
be neglected.

This report provides useful elements in order to identify the main issues involving VRUs.
Furthermore, this document has been created to suggest possible intervention and
countermeasures to mitigate VRU safety risks.

The corrective actions, including education, enforcement and engineering actions shown in detail
aim to reduce both the likelihood and severity of VRU crashes.

The report gives examples of unsafe problems for VRUs, suggests a range of methods to overcome
these and gives an indication of the relative costs to facilitate prioritisation of the work.
Photographs have been provided where possible to better describe the intervention.

The report can be used by road engineers and National Road Authorities (NRAs) to assist in
designing cost-effective countermeasures where problems exist on the road network.

Most of the case studies come from interventions already implemented on roads in High Income
Countries (HIC). Cost and implementation issues have also been addressed during the process.

The use of infrastructure interventions to help manage safety and reduce the likelihood of a crash
(for example road widening or raised pedestrian crossings), and interventions to mitigate the
severity of the crash can be used fruitfully by technicians and NRAs along road infrastructure.

3.2. DEFINITION

Walking and cycling are transport modes that force relatively unprotected road users to interact
with vehicular traffic of high speed and mass. This makes pedestrians and cyclists vulnerable. They
suffer the most severe consequences in collisions with other road users because they cannot
protect themselves against the speed and mass of the other party.
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While pedestrians and cyclists are typically included in the VRU defininition, other types of road
users should also be considered.

Compared to cars, powered two-wheelers (PTWs) are less stable, less visible and of course a moped
or a mototrcycle offers much less protection to the rider than other motorized vehicles. All around
the world, motorcyclists are involved in a disproportionately high percentage of fatal and serious
crashes. This makes motorcyclists vulnerable, notwithstanding the fact that they can be as much of
a threat to pedestrians and cyclists because of their speed.

Similarly, small agriculture vehicles and animal drawn vehicles often experience severe
consequences in collisions with motorized traffic, due to speed differences, inadequate visibility
(mostly at night) and because of their low level of protection.

The vulnerability of road users may also be attributed to their level of task capability (limitations in
performing one or more task aspects) or even to their resilience to accidents (capability to quickly
recover). However, even if novice drivers (limited task capability) or elderly car drivers (also low
resilience) may also be considered as vulnerable, In this report it is decided to concentrate on the
most vulnerable users first because of insufficient physical protection or because of relative high
speed difference with potential conflicting modes [2].

Similarly, and even if everybody agrees that road workers can be considered vulnerable (based on
the criteria mentioned above) this user type in its current work is excluded from the definition.
Addressing safety issues related to road workers usually needs specific measures that are already
addressed [6].

Consequently, the following definition has been used in this report and will be used in any upcoming
work with vulnerable road users:

The “vulnerable” road users are those road users who are at greatest risk because of insufficient
physical protection or because of relative high-speed difference with potential conflicting modes.

Even if various criteria, like the level of task capability or the ability to recovery, may impact the
vulnerability of vehicle occupants, Pedestrians, cyclists, riders of powered two-wheelers, as well
as light duty farm vehicles or animal drawn vehicles are more particularly vulnerable [2].

Additional factors should be considered when looking at infrastructural measures to mitigate the
risk faced by VRUs:

e In certain circumstances, vulnerable road users may themselves be a threat to
others; e.g. PTWs or even cyclists at higher speeds may be dangerous for other
VRUs;

e The fatalities amongst vulnerable road users are usually higher in low and
middle-income countries (LMICs) - due to a lack of resources to provide or
maintain adequate and safe infrastructure, land use planning problems (e.g.
linear settlements), and sometimes unsafe user behaviour;

e LMICs also have more instances of mixed traffic conditions; including slow-
moving and vulnerable non-motorized road users, as well as motorcycles, mixed
with fast-moving motorized vehicles.

The provision of VRU facilities does not guarantee effective usage and compliance by VRU and
drivers. Although this report provides valuable infrastructure safety treatment to mitigate risks,
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education and publicity programmes are needed to improve understanding and awareness while
enforcement can help motivate desirable behaviour patterns [2].

In this respect, the VRU design solutions are focused on two main categories:

e Solutions oriented towards vehicles drivers in order to limit the severity of the
traffic conflict with the VRUs;
e Solutions oriented towards the VRUs themselves.

In the first category, the solutions follow a Human Factors (HF) approach (as described in the
following chapters) by creating a logical layout of the road, an adequate time to react and enough
visibility for the drivers to a VRU road conflict hence providing a safer environment for VRUs. Other
solutions in this category are related to speed management of vehicles, such as traffic calming
measures. Refer to PIARC Road Safety Manual [1] (Part Ill, Chapter 8 Design for Road Users
Characteristics and Compliance) for more details.

In the second category, solutions often provide separation and/or safer VRUs layouts in proximity
to the main road alignment or when in conflict with vehicular traffic. These solutions range from
physical separation (dividing roads), dedicated lanes and paths for pedestrian and cyclists to the
removal of conflict points between VRUs and other vehicles (e.g. dedicated crossing areas or
above/under-ground pedestrian passages). This category also includes solutions based on speed
management (this time focused on VRUs such as bicycles) in proximity to the vehicular traffic
conflict and measures to control the physical characteristics of the dedicated VRUs paths are also
included in this category.

The following illustration gives an example where a combination of both categories is utilized to
provide a safer conflict management between the vehicles and VRUs (pedestrians and bicycles) as
follows:

e Speed Management (SM) devices for vehicles: vertical displacement of the road
alignment (humps) and road narrowing with islands;

e Speed Management device for bicycles: lateral displacement (chicane) on the
bicycle path;

e Driver HF: visibility and time to react (signing and pavement marking);

e Physical characteristics of the VRUs paths: alighnment and pavement surface with
reduces/no irregularity.
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Figure 3.2 — Example of a mix of protecting VRUs measures when crossing path with semi-urban
residential street (Montréal, Québec, Canada) (Source: Raducu Dinu)

The following chapter lists some examples of VRU case studies where some of these solutions have
been implemented.
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3.3. SOLUTIONS ORIENTED TOWARDS THE DRIVER (CATEGORY 1)
Case studies with a mix of HF related solutions and trafic calming devices/layouts such as:

e Vertical displacement (humps, speed tables and raised platforms at crosswalks);
e Road narrowing (pavement markings, islands, etc.);
e lateral displacement (roundabouts or more rarely chicanes)

Most of these case studies refer to reconstruction and redesign of the road layout in proximity of
the VRU crossings and include a combination of measures related to traffic calming and/or
increased visibility to consider HF related to driver behavior.

Case Study dealing with HF and SM to protect VRU Country Page
Agglomeration crossing, route 148 in Montebello Canada 210
Rehabilitation of Route 148 to Shawville and Clarendon Canada 214
Road Safety in Rural School Areas Chile 28
A case study of adding LED lighting facilities for crosswalk China 34
A case study of Setting a large reduction mound on the crosswalk China 37
A case study of the optimization of the planar cross canalization China 41
Nicolaiplatz in Brandenburg on the Havel, Central traffic intersection as a
city square Germany 45
Railway station in Cottbus, Inner city street with tram and bus Germany 50
Johannesstrafe in Erfurt: Main road with raised surface at a tram station;
Erfurt, Thuringia EETTER] =
Historic square with integrated driving areas (“Schlossplatz”) Germany 61
Frankendamm in Stralsund, mainroad to the historical city-center (CEIETY] 2
Hauptstrale in Wehr, traffic calmed sector in a shopping area Germany 73
Design of crosswalks for children, a synthesis of best practice Israeli-Sweden 79
Dangerous School Crosswalk because of high traffic Italy 87
Realization of a well-respecting 20 kmh Zone, Lignano Sabbiadoro Italy 246
Safety intervention for the Strada Alzaia Naviglio Pavese Junction Italy 92
Sidewalks advancement to improve pedestrian visibility 2l 102
Speed reductions scheme in a motorway work zone crossover Italy 253
Speed Reduction Schemes on Urban Collector Road Italy 180
Installation of “Soft” Rising Bollard to eliminate through traffic from school
route Japan 106
Proposals for Potential Countermeasures in LMICs Madagascar 106
Road Safety Inspection of Highway MEX-057 Queretaro-San Luis Potosi Mexico 114
I:Ec:)ad Safety Inspection of the Free Federal Highway Mexico-Toluca (MEX Mexico 120
Arranging a pedestrian crossing on DN 28, in Valea Lupului, lasi county Romania 125
Re-arrangement of a pedestrian crossing on DN 28, in Baltati, lasi county Romania 137
Safer Way to School Slovenia 326
Sweden 145

Bicycle passages and bicycle crossingsBicycle passages and bicycle crossings

Table 3.1 - Case studies dealing with solutions to protect VRU
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3.4. SOLUTIONS ORIENTED TOWARDS THE VRU (CATEGORY 2)

This categoy includes physical separation of VRU paths, both longitudiunal and transversal (i.e.
over/under pass for pedestrian/bycicles), and Speed Management (mostly chicanes for bicycle
paths in close proximity of the main road crossing). In comparison to the previous category, there
are no vertical displacement devices for VRUs — therefore a speed table or raised platform, used to
reduce the speed of vehicles, will also be used to provide a uniform crossing passage for pedestrians
or bicycles. This treatment is included under the general approach to ensure such physical
caracteristics of VRUs paths with low risks to pedestrian walk (e.g. lowered curbs) and bicycle ride
(e.g. no curb), to reduce single accident VRUs due to surface irregurality.

Case Study dealing with VRU own behaviour and/or environment Country Page
Floor Markings Combatting Motorcycle Crashes in Rural Left-Hand Curves Austria 205
Kinematics of powered two-wheelers (PTW) at bends on intercity roads France 148
Crosswalk removal Italy 152
Road Safety Inspection of Highway MEX-057 Queretaro-San Luis Potosi Mexico 114
Road Safety Inspection of the Free Federal Highway Mexico-Toluca (MEX-15) Mexico 120
Building wider and dedicated cycling paths to segregate pedestrians and Singapore 155
cyclists

Construction of elevated pedestrian walkways or underpasses Spain 157
Protected Cycling Routes Spain 162
Segregated cycle paths from the main travelled way Spain 165
Evaluation of sweep-salting — a method for winter maintenance of bicycle Sweden 171
paths

Warm wetted sand for skid control of walkways and bike paths Sweden 174

Table 3.2 - Case studies dealing with VRU own behaviour and/or environment
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PIARC defines the term “Human Factors” (HF) as “the contribution of stable psychological and
physiological limits of the human nature to the development of a technical dysfunction or failure in
handling machines and vehicles, for all users regardless of age, culture or race” [7].

HF is a “terminus technicus” used in the jargon of industrial safety engineers since around 1930. It
includes all qualities that are generally found as characterizing the human limitations of perception,
thinking, language and memory in operating technical facilities. Only general human qualities that
are typical and stable in all people, regardless of race, culture or age etc., are included in the HF
term. It excludes temporary individual reactions and conditions, such as aggressiveness, willing to
violate rules or to mistakes caused by the consumption of medicines, drugs and alcohol [9].

The HF concept in relation to road safety refers to the direct and automatic interaction between
the characteristics of the road and the perception of the users and analyses the contributions of
the driver in the sequence of the possible driving mistakes, which can be caused by an incorrect
interaction with the characteristics of the road and its surrounding environment.

According to the HF principles, since the driver’s automatic reactions cannot be changed, attention
should be focused on improving the road characteristics according to driver’s psychological and
physiological limits. The HF concept specifically aims at reducing the probability and consequences
of human mistakes within the road system; a road design based on HF principles brings to a
user-friendly or “ergonomic” road, giving substance to the well-known concept of “self-explaining
roads”.

An “ergonomic” road design meets the three PIARC fundamental rules [7]:

e Optical guidance: the road should give users enough anticipation time at critical
decision points (junctions, sharp bends, pedestrian crossings, bus stops,
driveways etc.) to perceive and adapt their driving behaviour to the changes in
the road course (the “4-6 seconds” rule);

e Spatial perception: The structure and organization of the roadside and of the
surrounding landscape should lead drivers to choose the appropriate speed and
to stabilize lane tracking (the “field of vision” rule);

e Driver’s expectations: the road should pre-program the driver’s actions correctly
and respect their expectations formed by their recent perceptions (the “logic”
rule).

The main safety impact of a self-explaining road consists in influencing the driver’s perception of
the road and traffic situation. Indeed, approximately 90 percent of the information used by driver
is obtained visually [11] [9]. The type of road section, its longitudinal and vertical alighments, the
road width, the type and position of signs and road markings, the roadside design and the
characteristics of the surrounding environment, provide a continuous flow of information to the
driver who acts accordingly, instinctively driven by their very recent past experience on that road.

4.1. OpPTICAL GUIDANCE

The time required by an average driver to adapt from one traffic situation to the next or to adjust
to new requirements last longer than the values considered in the current guidelines.
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Road design guidelines refer to a "simple stimulus-reaction time" when dealing with the evaluation
of the Stopping Sight Distance (SSD). To safe break in front of a sudden obstacle a sigh distance
calculated considering a perception/reaction time of 1-2 seconds is usually required.

Instead, an anticipation time of 4-6 s is necessary before any critical location along the road (e.g.
junctions, curves, railway crossings, bus stops, bicycle paths, entrances of villages and towns, end
of a newly upgraded road section, change of road hierarchy, etc.), especially if these changing
driving challenges are coming up surprisingly. To safely engage these critical challenges the users’
driving program must be adjusted ("perception - decision time”, Decision Sight Distance DSD). A
user-friendly or “ergonomic” road gives drivers the necessary time to adapt to new and unexpected
situations. In more complex situations or at higher speeds the higher values of the DSD should be
considered and possibly an additional advance warning section with proper signing and instructions
should be supplied like it is recommended in Dutch guidelines.

Removal of visibility restrictions, proper design of transition zones, improving the timely perception
of junction locations or using of improved visibility signs and markings are some of the engineering
tools allowing the optical guidance of the drivers fulfilling the HF 6 seconds rule.

Case Study dealing with Optical Guidance Country Page
Road Safety in Rural School Areas Chile 28
Guizhou province anshun city X462 road China 202
A case study of Setting a large reduction mound on the crosswalk China 37
E{(perl.mentatlon of a modification of the signalisation layout by Flashing France 176
directional arrows (FLR)
Speed Reduction Schemes on Urban Collector Road Italy 180
Design of crosswalks for children, a synthesis of best practice Israeli-Sweden 79
L Cost Engi ing M d trunk d:P tual

ow Cost Engineering Measures on a dangerous trunk road: Perceptua Portugal 187
treatment

Re-arrangement of a pedestrian crossing on DN 28, in Baltati, lasi .
county & P g tat i Romania 195

Table 4.1- Case studies dealing with the Optical Guidance rule
4.2. SPATIAL PERCEPTION

Motorized driving changes the field of view with higher frequencies than any other movement.
Monotonous or high-contrast periphery (optical flow), optical misguidance or optical illusions,
deceptive or distracting impressions affect the quality of driving. The road, together with its
surrounding offers an integrated field of view. The field of view can either stabilize or destabilize
drivers; it can tire or stimulate them. It can also result in either increased or reduced speed. Speed,
lane-keeping and reliability of direction are functions of the quality of the field of view.

Driving is a very field-dependent action. Users’ behaviour is influenced by their perception of the
road environment. Designing roads including the surrounding landscape management, so as to
provide a good-quality users’ field of view, is very helpful to improve safety.

A good-quality field of view safeguards the driver and keeps him from drifting to the edge of the
lane or even leaving it. Misleading eye-catching objects in the periphery of the field of view activate
subconscious changes in direction and can lead to gross mistakes in steering. At a minimum, they
lead to disturbances in lane-keeping, though these can mostly be corrected.
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A field of view having a reduced optical density (defined as the number of objects that contrast with
the background) drives the users to subconsciously speed up, depending the operating speed on
the interaction of the human information processing with the optical density of the field of view. A
self-explaining road will give drivers a well-designed field of view with sufficient contrasts to
increase the activation of the nervous system and thereby the alertness.

A self-explaining road design will avoid optical illusions or misleading eye-catching objects that
destabilize drivers and negatively impact their driving, especially at adverse visibility conditions.

Case Study dealing with Spatial Perception Country Page
Floor Markings Combatting Motorcycle Crashes in Rural Left-Hand Curves Austria 205
Agglomeration crossing, route 148 in Montebello Canada 210
Rehabilitation of Route 148 to Shawville and Clarendon Canada 214
A case study of color wide solid center line China 217
Guizhou province anshun city X462 road China 202
Wrong way driving on motorway E18 Halikko ramp, Salo Finland 220
Wrong way driving on motorway E18 Pappila ramp, Salo Finland 227
Evaluation of audio-tactile systems to prevent run-off-roads: in situ study France 234
:Eivr:LuI::i:)rnsto:::dio-tactile systems to prevent run-off-roads: driving France 238
Optical illusion in a tunnel Italy 242
Realization of a well-respecting 20 kmh Zone, Lignano Sabbiadoro Italy 246
Speed reductions scheme in a motorway work zone crossover Italy 253
Sequence design of the internal space of the tone suppressing speed excess Japan 259
Ir.::r/kciﬁsgt Engineering Measures on a dangerous trunk road: Road signing and Portugal 259
Changing the Character of Roads within Silver Zones to lower speed limits Singapore 270

Introducing Traffic Calming Markings (TrCM) Singapore 276

Introducing Broader Alignment Lane Markings (BALM) Singapore 278
Increasing the safety depend on bad layout parameters Slovakia 280
Calming measure in town Podturn Slovenia 285
Credible speed limit in Zone 30 Slovenia 290
Correction of alignment perspectives Spain 297
Sight improvements at intersections Spain 302
New Road Marking in the Federal Roads Ug:ﬁ;jaﬁ::b 305

Table 4.2 - Case studies dealing with the Spatial Perception rule
4.3. DRIVERS’ EXPECTATIONS

Drivers follow the road with an expectation and orientation logic formed by their experience and
recent perceptions. Unexpected abnormalities disturb a mostly automated chain of actions and
may cause drivers to "stumble". Several critical seconds pass before the disturbance can be
processed. Therefore, planners should try to keep road characteristics flowing in a logical sequence.
They should introduce inevitable changes as early and clearly as possible (see the 6 Seconds Rule)
and exclude any sudden changes that would confuse the driver.
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Users decide about the driving behaviour to adopt, judging the road category they are driving along
based on road “standard” features induced by driving experience. Any deviation from the expected
standard features should be gradually instructed.

The presence of vulnerable road users (pedestrian, cyclists) is not expected in high speed road
categories and induces a very critical safety situation.

A bend with a reduced curvature radius has not been designed at the end of a long straight or
cannot suddenly follow a curve with a too much different (higher) radius. The users do not expect
to reduce their driving speed of more than 15—20 km/h to negotiate the following curve. Therefore,
they are surprised and higher deceleration rates will be actuated due to the late recognition of the
road course. Signalizing the reduced curvature bend is an option but, in many instances, it is not
enough. If a modification of the road layout is not possible, a very effective delineation of the bend
should be considered, according to the field of view HF rule.

Case Study dealing with Driver Expectation Country Page
Road infrastructure: visual elements leading to a coherence between driver

expectancies and driver behaviours France 318
Human Factors Countermeasures in a fatal accident curve Germany 322
Safer Way to School Slovenia 326
Countermeasures in areas with risk of rear end collisions Spain 337
Narrowing of lanes in areas of reduced speed (crossings, etc.) Spain 342
Signing and delineation of curves Spain 346

Table 4.3 - Case studies dealing with the Driver Expectation rule
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5. LOW- AND MIDDLE-INCOME COUNTRIES

5.1. DETERMINATION OF KEY AREAS FOR CASE STUDIES
As already noted, the starting point for this task was twofold:

e To review the information already present in the Catalogue of design safety
problems and potential countermeasures [1]; and

e To consider those areas where additional information was needed to correctly
apply meaningful countermeasures in a LMIC environment.

The main areas within the current catalogue were discussed and those that already had good
examples for application to LMICs were acknowledged. Areas in which additional case studies
would be most beneficial included:

e Workzone arrangements

e Dealing with rural corridors

e ‘Suburban’ situations where developments are progressed in isolation and no
account of impact on surrounding network.

e Dealing with urban motorcycles

e Treating linear settlements

e Dealing with un-regulated public transport

5.2. WORK ZONE ARRANGEMENTS

The correct application and identification of work zones has been extensively covered in guidance
such as PIARC: Improvements in safe working on roads [6]. However, the application of these
measures is rarely adopted in many LMICs, despite being aware of the international requirements.

Figure 5.1 — typical examples of inadequate work zone arrangements

Due to a lack of specific data, there is ongoing debate and uncertainty surrounding the scale of the
safety problem in relation to work zone collisions (both to the workforce and general road users).
However, there is a general consensus and recognition of the higher risk exposure associated with
roadside works as opposed to other occupations. Further, there is also acceptance that death and
serious injury at or adjacent to work zones are a major social issue and effort is needed to reduce
them as much as possible. The level of risk at each work zone will depend on the type of works to
be carried out, the duration and the location — road classification and traffic volumes.
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It is important to recognize that there are crucial differences between road types (rural, urban and
motorway) that require varying approaches and safety provisions. Similarly, the type of work zones
will influence the safety measures and approach that is most suitable, i.e. whether the works are
mobile, short, medium or long term.

The type of the work zone in terms of function, area and duration can vary greatly and the
environment in which the work zone is located. In turn, these variations impact on the type of risk
present and the steps that can be taken to mitigate the risk. Different work zone types also present
different driving conditions to other road users which have implications for safety and are a critical
consideration when planning and operating the work zone. All these variations in layout
requirements need to be set against a background of less than ideal road conditions, both in terms
of construction standard and road user behavior in LMICs.

In the South African context, for example, good practice is applied at work zones on the national
routes. Nevertheless, excessive speeds and aggressive behavior of road users at work zones remain
serious risks to construction personnel. Case studies are encouraged for inclusion in future updates
of this document.

5.3. DEALING WITH RURAL CORRIDORS

Speed is a major factor in rural road crashes. A UK study [11] of rural single-carriageway roads
estimated that a 10% increase in average speed resulted in a 30% increase in fatal and serious
crashes. The most common crash types on country roads are collisions at intersections, head-on
collisions and running off the road— these are all effected by speed.

While rural roads can appear empty, they are often shared spaces used by vulnerable road users
including pedestrians, cyclists, and horse riders, as well as slow moving farm vehicles, livestock, wild
animals, and large vehicles such as buses and quarry vehicles.

Most rural roads operate at the appropriate national speed limit (either 100 or 120 km/hr).
However, due to their use by vulnerable road users and the design and condition of many of these
roads, 100km/hr (or anywhere near it) is rarely a safe speed to travel.

Many of these roads are narrow, with blind bends or summits (crests), and have no sidewalks /
pedestrian facilities nor cycle paths. They frequently have pot holes and debris such as fallen
branches and rocks, and suffer from wet and muddy conditions, meaning it takes much longer for
a vehicle to stop. These factors mean that if a driver is going too fast (even if at or below the speed
limit) they won't be able to react in time to people or hazards to prevent a crash. It also means that
if a driver loses control, they are likely to end up in the path of an oncoming vehicle or run off the
road, before they can recover.

i ok r ‘:

Figure 5.2 - Typical rural corridors
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Overtaking on single carriageway roads is one of the most dangerous maneuvers a driver can
perform — and is usually unnecessary. Overtaking is dangerous because it is extremely difficult to
accurately judge the speed and distance of approaching traffic. This lack of judgment can be fatal
when travelling at high speed on the wrong side of the road. If two vehicles are headed towards
each other at 100 km/hr, the gap between them decreases by about 60 meters every second.

It is therefore difficult and often dangerous to overtake on rural roads, where there will rarely be
enough straight, visible road ahead to be certain that nothing is coming in the opposite direction.
However, when faced with slow moving heavy goods vehicles, which are common on such roads,
the temptation to overtake is great — and often occurs at inappropriate locations. Identifying
appropriate overtaking locations and controlling speed to a safe level is crucial for these rural roads.

Case Study dealing with Rural Corridors Country Page
A case study of improving of visibility China 350
A case study of separation of two-way traffic flow China 355
Emergency braking ramp on roads and highwaysEmergency braking ramp on Mexico 358

roads and highways

Treatment of intersections in Route 9 Uruguay 361

Table 5.1 - Summary of case studies dealing with Rural Corridors
5.4. SUBURBAN SITUATIONS WHERE DEVELOPMENTS ARE PROGRESSED IN ISOLATION

In many LMICs there is a rapid expansion in residential, commercial and industrial development
taking place. However, this development tends to be situated in poorly defined and inappropriate
sites with little or no account of the impact on the surrounding transport network.

The consequences on traffic and pedestrian patterns, and provision for transport links, are often
overlooked until problems arise. The local authorities then have limited resources to rectify the
situation. Whilst strong planning regulations are required to rectify this in the long term, possible
measures to ameliorate the impacts on the immediate network also need to be considered.
Unfortunately, there is a lack of planning, or a lack of compliance with regulations, at both macro
and micro levels, creating serious challenges for roads authorities. This matter needs to be follow-
up in a future version of this report, as there is no case study collected to address it presently.

5.5. DEALING WITH URBAN MOTORCYCLES

Motorcyclists (riders of PTWs) are 26 times more likely to die in a crash than the drivers of a
passenger car [4].

In many LMICs, motorcycles are the main form of motorized transport. In some of these countries,
economic progress has caused sharp increases in the number of motorcycles in circulation. PTW
markets in low income countries have developed particularly rapidly. As a general rule, poorer
countries have a higher PTW fleet growth rate. With more motorcycles on the road, there will
certainly be an increased risk of accidents causing injury or death.

The crash statistics show that 50% of the world’s road deaths occur among vulnerable road users
(e.g. pedestrians, cyclists, motorcyclists) and among them, motorcyclist deaths account for 23%. In
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a number of developing countries, motorcycles are the predominant vehicle type because of their
affordability and ease of use particularly in urban environments. Consequently, the number of
motorcyclist crashes resulting in death and serious injury in these countries is significant.
Particularly in most Southeast Asian countries, motorcyclist crashes may reach about 70% of the
total road crashes.

In motorcycle dominated traffic environments, motorcyclists do not usually conform to lane
disciplines as passenger cars do and they tend to swerve or change their direction and speed
frequently. These movement characteristics are described as non-lane-based movements and were
found to be a major cause contributing to increased crash risk for motorcyclists.

To design and maintain a road network that allows for motorcyclists, practitioners need to
understand and appreciate their specific needs. Some of the key factors which influence a
motorcyclist’s behavior include:

e A motorcycle only has two relatively small points of contact with the road surface
(its tires). Changes in the road surface condition can have a big impact on grip
and stability;

e As most braking and steering control is directed through the front tire, riders try
to avoid skidding and losing control by not braking and steering at the same time;

e Anything that causes the tire to lose grip can lead to a loss of control much more
easily than with cars;

e In curves, motorcyclists generally follow a different line to that of other motor
vehicles. They use the full width of the available traffic lane in order to minimize
the amount of steering input required, maximize grip and also their view of the
road ahead. This may seem counter-intuitive to non-motorcyclists;

e Motorcycles are very maneuverable. They can filter through traffic and overtake
in places where other vehicles cannot. They may also appear in positions where
other road users do not expect them;

e Motorcycles can usually accelerate faster than other vehicles and because the
rider sits higher than a car driver, they can often see over other vehicles.

Figure 5.3 - motorcycles in a mixed urban traffic lane.
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Within urban areas dealing with large numbers of motorcycles in a confined road space is difficult.
Where measures will deter vehicles they are less effective in controlling motorcycles.

5.6. TREATING LINEAR SETTLEMENTS

A major factor in road fatalities in LMICs is vulnerable road users on roads abutting so-called linear
settlements. Here, the lack of access control and types of land use has resulted in mixed functions
with residential, business, education and health facilities along the country’s main arterial roads. A
typical example, which is widespread in southern Africa, is residential development on one side of
a rural highway, with schools on the opposite side. Overloaded heavy goods vehicles, excessive
traffic speeds and a lack of facilities for VRUs compound the road safety problems. These ‘coffin
roads’ are well-known examples of the problem with linear settlements on busy upgraded roads
that occur in many LMICs.

Vulnerable road users are not the only ones at serious risk. Poorly planned turning and lay-by
provision or inadequate physical restrictions on U-turns along these highways are a major cause of
serious injury crashes, especially among the passengers of public transport buses. These turns are
a disaster for road safety. This is a deeply embedded characteristic of the road network in LMICs
and requires action across many road authorities in achieving adequate local government
development planning to support safe road right-of-way management.

—-—

Figure 5.4 - Linear settlement with no physical ‘gateway’ or change in cross section though village

In many instances, the development of linear settlements along rural highways have resulted in
such highways effectively becoming peri-urban arterial routes. Authorities then attempt to adopted
or improve highway standards which result in a wider road environment. However, this can then
have the effect that speed control can the problematic. The separation of pedestrians and through
traffic is one solution for improving safety but this can be difficult to achieve.

Linear settlement roads often result in unsafe conditions, with pedestrians and vehicles entering
and exiting the road from abutting property frontage. Safe System principles suggest that each
property entry to a roadway should be considered as a minor intersection, with the possibility of
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right-angle crashes involving vehicles entering or leaving the carriageway colliding with vehicles
travelling along the road.

Case Study treating Linear Settlement Country Page
Setting of dimension stone pavement on highways through village China 366
Arranging a pedestrian crossing on DN 28, in Valea Lupului, lasi county Romania 125

Arrangement of a turning point for vehicles at DN 28 km 65 + 400, in Valea
Lupului locality, lasi county

Romania 371

Table 5.2 — Summary of case studies treating Linear Settlement
5.7. DEALING WITH UN-REGULATED PUBLIC TRANSPORT

In some LMICs, particularly in southern Africa, un-regulated, or poor compliance, in the public
transport sector has a significant impact on road safety. In South Africa for example, approximately
38% of all road fatalities are passengers in vehicles (which is a higher percentage than pedestrians).
This compares to around 15% in European countries.

A specific issue is the prevalence of mini-bus taxis used for the public transport. These vehicles are
used on long haul routes (between cities) as well as on daily commuter routes. The vehicles are
often overloaded, can be un-roadworthy, have no seat belts for passengers, and generally operate
with little regard for safety. Road crashes involving public transport, whether mini-buses or larger
buses, result in a high number of casualties per incident. Examples are illustrated in the photos
below.
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Incident 05 March 2017 — 5 fatalities, South Africa

Incident 12 December 2016 — 7 fatalities, South Africa

Whereas issues surrounding regulation and enforcement in the public transport sector is the
responsibility of the country concerned, such issues are serious contributors to road safety
challenges in LMICs. Therefore, it is worth highlighting in this Report. Case studies are encouraged
for inclusion in future updates of this document.
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6.1. VULNERABLE ROAD USERS CASE STUDIES

6.1.1.1. Road Safety in Rural School Areas

O COUNTRY
Chile

O IMPLEMENTATION ORGANIZATION

Public Works Ministry of Chile

O SUBJECT

Men — Road Interaction (HF) and Setting Credible Speed Limits (SCSL).

O PROJECT DESCRIPTION AND SUMMARY

The national highway conservation program to increase safety in the rural school environment is
one of the most important road safety application policy of the Road Direction of Chile (part of the
Public Works Ministry) in recent years. Since 2009, more than 600 interventions of this type have
been carried out in the country.

The main objective of this initiative is to ensure calm traffic areas for schools’ environments
considering maximum speeds compatible with the safety of students, teachers and parents who
cross the route, especially during the hours of entry and exit of students. Moreover, a special
emphasis is placed on achieving operating speeds that comply with national regulations (50 km/h
maximum speed in front of the school, and 30 km/h during student entry and exit times).

The implementation of safe pedestrian circuits in the area is also highlighted.
Among the more used engineering measures for traffic calming, we have:

e Lane narrowing: consist of painted medians or central hatching with
retroreflective studs, whose width depends on the design and the type of roads
where it is applied. The width of the circulation space should be between 2.75
and 3.20 meters when it is planned to leave space for only one vehicle.



ROAD SAFETY — CATALOGUE OF CASE STUDIES 2019R47EN

29

Figure 6.1 - Lane narrowing on horizontal curve with high friction surface, near to (left) and on
front (right) the school.

e Speed humps: Is the most coercive element to obtain a reduction in speed and
increase the safety of pedestrian circulation paths, intersections, etc.

e Speed cushion: corresponds to a pyramidal, rectangular trunk-shaped speed
hump disposed centrally in each circulation lane. Its height varies between 5.0
and 7.0 cm; the width of its base, between 1.5 and 1.7 m, and its length, between
2.0and 2.5 m. The cushions can be installed individually, individual series, in pairs
or series of pairs.
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Figure 6.2- Speed hump (5 cm height), near to (left) and on front (right) the school.

Transverse lines: They are a series of lines markings demarcated transversely -
either in the whole road or in each track of the road according to the direction
of traffic - with the purpose of generating in the driver the perception of going
at a speed greater than the real, which induces reduce it. The distribution of the
lines obeys a logarithmic spacing.

2019R47EN
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Figure 6.3 - Transverse lines on both lanes and high friction surface, near to (left) and on front
(right) the school.

O KEY RESULTS/ACCOMPLISHMENTS

Speed limits are posted within the school areas and the adopted countermeasures help to make
them credible and therefore drivers are more inclined to follow them. However, the results depend
on the engineering measure.

Considering that the main goal of these road safety projects in school zones is to enforce the current
legal speed regulation (50 km/h maximum speed in front of the school, and 30 km/h during student
entry and exit times), only where the speed humps were installed it was possible to reduce the
speed of the motorized users less than or equal to 50 km/h in front of the school. The rest of the
cases have associated speeds of operation greater than or equal to 70 km/h, and even worse,
without large variations 200 meters before or after school.
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85t PERCENTILE SPEED (km/h)

200 m ON FRONT 200 m
ENGINEERING MEASURE

BEFORE Of SCHOOL AFTER

Asc Des Asc Des Asc Des
Lane narrowing on curves 80 80 70 80 80 80
Lane narrowing on straights 85 80 75 75 80 75
Speed hump (normal height) 90 75 45 50 70 70
Speed Cushion 80 75 70 80 80 85
Transverse lines 95 100 90 100 95 110
Speed hump (low height) 80 65 40 40 60 75
PROMEDIO 86 82 70 77 81 84

Table 6.1 - SOURCE: Jaime Campos (Public Works Ministry of Chile). Evolution of speed reducers in
Rural School Areas of Chile, V CISEV, Santiago, 2016.

Recently, a survey was carried out this year to 25 schools in central zone of Chile, and among the
most important results was that after the interventions there were only minor run overs registers
and in most of them people feel more secure to walk near the road, but it is necessary to
complement this work with greater speed enforcement.

On the other hand, lane narrowing has influenced driver behaviour on the basis of the Field of View.
The other solutions help the driver to understand that rural school areas are a road singularity, and
it’s necessary to slow down or at least be careful in driving.

O POLICIES

It has been established as an application policy for all the paving projects of the Ministry of Public
Works in rural areas.

O BARRIERS/OBSTACLES

It is estimated that the main barriers overcome were the change in driver behaviour while traveling
through these rural schools. Although the effect of these road safety measures decreases over time,
there is already a special singularity of these areas.

O LESSONS LEARNED
Insufficient enforcement capacity to control all established speed limits on public roads.

Speed humps are the most effective traffic calming device. It must be 5.0 cm height, 4.0 m wide
and the length is from shoulder to shoulder. It is estimated that in these cases two of these
elements must be used, installed at a maximum distance of 150 meters.
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Also, the results of this study establish that any speed reducer that is not speed hump type does
not have or loses its effectiveness over time, due to the fact that the habitual user understands or
possesses enough skill to travel without decelerating too much the vehicle.

Any solution adopted must have a previous road sign group that informs the user in advance of the
presence of a traffic calming device. There must be regulatory, preventive and informative signals
that can be complemented with road marking on the pavement.

The service life of the solutions will depend on the performance observed in the field. Therefore,
the maintenance or modification of these works must be carried out according to the speed of
circulation that one accept as tolerable, in a period less than 3 years (due to the maximum duration
of the thermoplastic paint).

O COSTS

US$ 50.000 - 100.000 average cost per rural school.

US 5.000.000 average budget per year for the entire country.
O CONTACT

Jaime Campos Canessa

O REFERENCES

Jaime Campos (Public Works Ministry of Chile). Evolution of speed reducers in Rural School
Areas of Chile, V CISEV, Santiago, 2016.


mailto:jaime.campos.c@mop.gov.cl
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6.1.1.2. A case study of adding LED lighting facilities for crosswalk

O COUNTRY

China

O IMPLEMENTATION ORGANIZATION

Research of Institute of Highway Ministry of Transport of China
O SUBJECT

The case study covers the topic Vulnerable Road Users.

O PROJECT DESCRIPTION AND SUMMARY

The project is located at K56+030 on the G322 line of Zhejiang Province. This section is a level-2
highway which through the village with lots of pedestrians crossing the road, as shown in Figure
6.4. There is the Wencheng Sports Center on the north side of the road and a fitness trail on the
other side of the road. The existing signs and markings are less visible at night. There is a high
probability of traffic accidents between motor vehicles and pedestrians.

Figure 6.4 - The K56+030 on the G322 line before implementation

The project started in December 2016 and completed in June, 2017. The objective is to effectively
improve the visibility of signs and markings at night, control the speed of vehicles, reduce conflict
and protect pedestrians by adding LED lighting facilities for crosswalk, active light-emitting traffic
signs and color anti-skid markings. As shown in Figure 6.5.

e Add 2 sets of LED lighting facilities for crosswalk to remind the traffic to pay
attention to pedestrians. A set of lighting facility includes LED lights and 4 active
light-emitting traffic signs that are installed on cantilevered structure. It provides
lighting for both the crosswalk and the pedestrians crossing the road.

e lay color anti-skid markings (570m2) for the warning and speed control of the
vehicle in the village.
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Figure 6.5 - Setting 2 sets of LED lighting facilities and active light-emitting traffic signs
O KEY RESULTS/ACCOMPLISHMENTS

It has a significant effect on traffic safety. The observation point is opposite the Wencheng Sports
Center. It took one hour for the observation (16:00-17:00). In the observation after the
implementation, the vehicles slow down while crossing the crosswalk. There is no significant
conflict between motor vehicles and pedestrians. There were 4 serious traffic accidents occurred
on this section before the implementation, caused by collisions between cars and pedestrians or
electric two-wheeled vehicles. No such accidents occurred within 6 months after the
implementation.

O LESSONS LEARNED

The LED active light-emitting road traffic signs are able to satisfy the long distance visibility under
the unfavourable conditions such as the night, rain fog and so on by adopting a series of reflective
material and technologies. The colour anti-skid marking also play a good role in warning and speed
control. It can reduce the possibility of collisions between motor vehicle and pedestrian, so as to
improve the safety of pedestrian crossing the road. During the implementation, we find it is an
effective measure to protect pedestrian by setting up proper pedestrian barriers, as shown in Fig 3.
It can effectively prevent motor vehicle from occupying sidewalk, reduce collision with pedestrians
if vehicle out of control, it also helps regulate pedestrian crossing behaviour and protect pedestrian
safety.
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Figure 6.6 - Setting up the pedestrian barrier

O COSTS

The price of the colour anti-skid marking is RMB220 yuan per square meter. It costs RMB125400
for markings (570 square meters). The price of a set of LED lighting facility is RMB40480 (the LED
lights for RMB5000 and 4 active light-emitting traffic signs for RMB35480). It cost RMB80960 for 2
sets of LED lighting facilities. The total cost of the project is about RMB206360.

O CONTACT
Dr. Chengcheng TANG E-mail : 973939419@qqg.com
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6.1.1.3. A case study of Setting a large reduction mound on the crosswalk

O COUNTRY
China
O IMPLEMENTATION ORGANIZATION

Research Institute of Highway Ministry of Transport of China

O SUBJECT

The case study covers the topic Man-Road Interaction(HF)

O PROJECT DESCRIPTION AND SUMMARY

It is a two-lane road with a speed limit 50km/h, located at the rear of a long straight slope to the
village of Yongan. Vehicles enter the village with a high speed which is very dangerous to
pedestrians crossing the street, as shown in Figure 6.7. There were two accidents between vehicles
and pedestrians crossing the street during 2015 to 2016. In those accidents, the vehicles didn’t
avoid pedestrians because there were no traffic signs; while, the pedestrians didn’t use crosswalks
or other facilities when they crossed the street.

Figure 6.7 - The view of the road before the implementation

The project starts in December 2016 and completed in June 2017. The objectives of the project is
to reduce the average speed of vehicles and improve the safety of pedestrians when they crossing
street. The interventions include to set up a large reduction mound on the crosswalk and traffic
sings and markings.

e lay the discontinuous colored antiskid pavement (in red) along the longitudinal
center line of the road and deceleration vibration markings (in yellow) along
cross section of the road, as show in Figure 6.8.
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Figure 6.8 - Lay the coloured antiskid pavement and deceleration vibration markings

e Most of the residents are resettled persons who migrated from the mountainous
areas into the villages and towns, and most of them are the elderly people.
Therefore, a pedestrian refuge island is set up on this road section to provide a
safe waiting area for passing pedestrians, as shown in Figure 6.9.

] I il

Figure 6.9 - Set up a pedestrian refuge island
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e Combine the sidewalk markings with the colour pavement antiskid paint to
increase pedestrian safety when crossing the street, as shown in Figure 6.10.
Some of the signs are interrupted by trees, as shown in Figure 6.11. Trim the
trees to facilitate drivers to recognize the content of the sings.

Figure 6.11 - The hidden sign

O KEY RESULTS/ACCOMPLISHMENT

The above measures have a significant effect on speed control and traffic safety issues. In the
observation after the implementation, the average speed of each type of vehicles is less than
47km/h, lower than the speed limit. After the project completed, there is no collision of pedestrian
crossing the street within one year. 1) It is an effective speed control measure by laying coloured
antiskid pavement and the deceleration vibration markings on a long straight slope. 2) The
pedestrian refuge island can improve the safety of pedestrian crossing the street. It provides a safe
waiting area for passing pedestrians. The probability of collision between the vehicle and
pedestrians is reduced. 3) It becomes an eye-catching area when the sidewalk markings are
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combined with the colour pavement antiskid paint. The drivers will focus on the pedestrian
crosswalk and reduce their speed in time, which can give drivers more seconds to take a safer
driving strategy.

O LESSONS LEARNED

It is an effective speed control measure by laying colour antiskid pavement and the deceleration
vibration markings on a long straight slope. In order to improve the safety of the pedestrian crossing
the street, in this case, we should take good care of the old people.lt is also necessary to regulate
pedestrian crossing behaviour while focus on the control of the vehicle speed. The proper traffic
signs and markings are essential. It is also a good example to set up a pedestrian refuge island and
combine the sidewalk markings with the color pavement antiskid paint.

O COSTS

It spent about RMB21000 yuan for markings (375m2) and RMB60000 yuan for color pavement
(400m2). The price of the single column sign is RMB1133 yuan per set. It cost about RMB4600 yuan
for signs (4 sets). The Total cost of the project is about RMB 85600 yuan.

O CONTACT
Dr. Chengcheng TANG E-mail : 973939419@qq.com
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6.1.1.4. A case study of the optimization of the planar cross canalization

O COUNTRY
China

O IMPLEMENTATION ORGANIZATION

Research of Institute of Highway Ministry of Transport of China

O SUBJECT

The case study covers the topic Vulnerable Road Users.

O PROJECT DESCRIPTION AND SUMMARY

The implementation section is located at the intersection of $210 and S103 Hangjin lines in Zhejiang
Province. Two four-lane roads cross in a small angle of 14 degree, and the range of this intersection
is too wild, meanwhile, the distance of the stop line is too long. The total pavement width of the
original pedestrian crossing is 37m. The elderly and children cannot cross the intersection within
the green time and there is no pedestrian waiting zone for them. There is a conflict between
crosswalk and lane markings for turning vehicles. Both roads have large traffic, according to traffic
statistics in 2015, the average daily traffic volume of the main road is 19,295, the equivalent number
is 22,605. The average daily traffic volume of the crossed road is 21,686, the equivalent number is
25,406. The degree of urbanization in the surrounding areas is high, non-motorized vehicles are
densely crowded, and there are many branch roads in the two provincial roads, and the roadside
interference is relatively large. Lane organization and signal setting are not reasonable. As shown
in Figure 6.12.

Figure 6.12 - The intersection of 210 and S103 Hangjin line before implementation

The project started in December, 2016 and completed in June, 2017. The objective is to effectively
improve the traffic efficiency of vehicles and protect the vulnerable road users by reducing the
range of intersection, optimizing the location of crosswalk and setting a pedestrian waiting area.
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e Reduce the range of intersection and shorten the distance of the stop line from
200m to 88m, as shown in Figure 6.13.

Figure 6.13 - Shorten the distance of the stop line

e Optimize the location of the crosswalk, balance the needs of pedestrian and
tuning vehicles and add a pedestrian waiting area, as shown in Figure 6.14.

SENAENARZERY
e e

Figure 6.14 - Add a pedestrian waiting area

e Set up a physical transportation channelization island with a size of 541, set up
traffic lights of door structure, add sidewalk lights, adjust the traffic light phase,
and optimize the electronic police system settings, as shown in Figure 6.15.
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Figure 6.15 - Perfect the traffic lights

e Reorganize lanes according to traffic flow and signal settings, update markings
and signs and add safety facilities such as lane separation sings and pedestrian
direction signs, as shown in Figure 6.16.

Figure 6.16 - Setting lane separation signs

O KEY RESULTS/ACCOMPLISHMENTS

It has a significant effect on improving the traffic efficiency of intersections. In the observations
conducted after the implementation (the observation time is close to the evening rush hour), the
traffic volume in each direction basically matches the green light timing. There is no traffic jam at
the intersection. Both non-motor vehicles and pedestrians are safer.

O BARRIERS/OBSTACLES

The range of this intersection is too wild. The traffic lights were unreasonable. The crosswalk was
too long for the elderly and children to cross the intersection within the green time. There is a
conflict between crosswalk and lane markings for turning vehicles. There was a safety hazard in
setting the crosswalk at the left turn lane of S210 and the right turn lane of S103. It is necessary to
satisfy the safety of pedestrians and improve the traffic efficiency.
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O LESSONS LEARNED

The purpose of setting up the traffic island is to regulate the trajec