15. Traffic safety pillars: safe infrastructure

Introduction

This module explores how road design and management can create safer, more inclusive, and more
liveable environments. It begins by examining the Safe System approach (particularly the Dutch
Sustainable Safety principles), highlighting how they guide modern traffic safety strategies. Key
concepts such as speed credibility, self-explaining roads, and psychological aspects of driver
behaviour are connected to real-world design choices in both urban and rural settings. Finally, the
module covers the role of road asset management, urban design, and the needs of vulnerable road
users to understand how infrastructure can be shaped to prevent crashes and support healthier
communities.

Learning outcomes
After completing this module, the students should be able to:
Part I:
e cxplain the Safe System approach and the core principles of the Dutch Sustainable Safety

e discuss the relationship between road design and speed, speed credibility, and speed
accelerators and decelerators.

e define the concept of self-explaining roads and its underlying psychological processes.

e apply the learned principles and concepts in real use cases of unsafe urban and rural road
environments and propose relevant infrastructural measures (e.g. urban: speed calming
measures; rural: paved shoulders, rumble strips) to improve safety.

Part I1:

e explain the implications of road asset management (e.g. road maintenance, roadworks) on road
safety

¢ analyse the relationship between urban design and liveability (e.g. shared space)

e design safe and inclusive roads for vulnerable road users (e.g. pedestrians, children near
schools, people with disabilities, older people, etc.)

Key messages to learners

PartI:

e The fundamental principles of the Safe System include: (/) It is human to make mistakes; the
traffic system must be designed to tolerate (unintended) errors made by the road users; (2) The
traffic system must be designed so that the external forces in accidents do not exceed the human
bodies’ tolerance for biomechanical impacts; (3) The responsibility for road safety must be
shared by those who design, build, manage, and use roads and vehicles, as well as the providers
of the post-crash care and emergency response; (4) All system components must be
strengthened to multiply the protection effect; if one component fails, road users should still be
protected.
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e The Dutch Sustainable Safety was first proposed in 1992. Its core five principles (2nd edition
2005/2006) included: (/) functionality, meaning each road should have one function only; (2)
homogeneity in mass, speed and direction which focuses on separating vulnerable road users
from motorized traffic when speeds are not low; (3) predictability of traffic behaviour and the
road alignment by a recognizable road design; (4) physical forgiveness of the road environment,
and social forgiveness meaning that road users should anticipate errors by other road users; (35)
state awareness referring to that road users should be able to correctly assess their task
capability which is affected by the driving skills and the fitness to drive. The 3rd edition was
published in 2018, basically categorizing the previous core principles to functionality,
(bio)mechanics, and psychologics and introducing two new principles of shared responsibility
and learning and innovating in the traffic system.

e Safe speeds are determined by the function of the road and the road users that can be
encountered on that road. If the main function of the road is mobility of motorized traffic, i.e.
throughput, then higher speeds (e.g. 80 km/h, 100 km/h) are desirable and therefore, vulnerable
road users should not be allowed on these roads and physical separation is unavoidable in order
to comply with the principle of homogeneity. However, if the function of the road is
accessibility, then lower speeds (e.g. 15 km/h, 30 km/h) are desirable to guarantee a safe
interaction between vulnerable road users and motorized traffic. Finally, if the road is a
distributor road, in which mobility function takes place on the road section and accessibility on
the road intersections, then intermediate speeds (e.g. 50 km/h) and physical separation from
vulnerable road users are advisable.

e One factor that influences driving speed behaviour is speed limit credibility. A credible speed
limit is one that meets the expectations raised by the road characteristics and road environment,
so that drivers are more inclined to comply with them. There are several accelerators and
decelerators factors in the road environment that affect the speed credibility and driving speed
of the driver. Examples of accelerators, include open road environment, wide roads, straight
stretches, and high quality road surface, while examples of decelerators include narrow roads,
closed road environment (e.g. setback of trees or buildings beside the road), speed calming
measures, pavement type (e.g. asphalt or cobble stones), raised pedestrian crossings, and curb
extensions at intersections.

¢ On a self-explaining road environment road users know how to behave, simply on the basis of
road design. The concept of self-explaining roads is based on two principles of categorization
(i.e. functionality of roads) and expectancy (good to explain here the information processing
model of Wickens on how expectations are formed). Expectancy increases when there is
consistency in how roads of the same function are designed, and clear differences between roads
from different functions.

e To address the last learning objective of Part I it is recommended to bring situations from real
life and from the surrounding environment of the learners (or alternatively unsafe examples
from their surroundings and environment) and ask the learners to analyse them according to the
concepts and principles of safe system approach and sustainable safety and propose accordingly
measures and changes to improve the safety of these situations.

Part I1:

e Designing safe and inclusive roads for vulnerable road users is essential for creating equitable
and sustainable transportation systems. The key principles include prioritizing safety,
accessibility, and comfort for all, especially those most at risk. Some of the main aspects to
account for include: reducing speeds especially in urban areas where vulnerable road users are




frequently present, providing proper and sufficient room for vulnerable road users like
pedestrians and cyclists, assuring the needed infrastructural measures for disabled people (e.g.
wide, obstacle-free sidewalks, tactile paving, auditory pedestrian signals and extended crossing
times at signalized intersections, ramps and lifts at transit stops, level boarding platforms, etc.),
increasing drivers’ attention nearby school areas and hospitals with proper school zone signage
and markers, refuge islands at crossings and extended signal timing to account for slower
movement of children and elderly.

Urban design plays a critical role in shaping liveability, which incorporates the quality of life,
social interaction, safety, accessibility, and environmental sustainability in urban spaces. Key
aspects to consider is balancing of space and priorities so that all users coexist safely and
comfortably, enhancing aesthetics and functionality improving the overall road user experience
and encouraging walking, cycling, and public transit, reducing reliance on cars, and promoting
healthier, more active lifestyles.

Shared spaces are one example in which the design enhances liveability by promoting
inclusivity and adaptability. A shared space context is characterised by close interactions
between different road users at safe and low speeds, relying mostly on negotiations and social
interactions rather than clearly defined rules like in traditional road traffic situations (e.g.
roundabouts, priority intersections, etc.). An important question to discuss with the learners is
under which preconditions can Shared Space be implemented? There is already design
guidelines and literature available for shared spaces in which these preconditions are discussed
and specified. For example, shared spaces are suitable only in sojourn areas without extraneous
traffic (traffic that does not have an origin or destination within the area). For a full
understanding of these preconditions the reader is referred to the provided references.

Road asset management involves planning, maintaining, and improving road infrastructure to
ensure it remains safe, reliable, and sustainable over time. This includes proper repair and
surface maintenance, skid resistance, road marking and signage visibility and clarity, safety
barriers, lighting, vegetation management, traffic flow management during road works and
proper road work closure, inspection and repairs of road tunnels and bridges. Therefore, proper
road asset management directly influences road safety by reducing risks, improving conditions,
and enhancing the experience for all road users. Neglecting maintenance can lead to hazardous
conditions, jeopardizing the safety of road users.




Learning activities

Exercise 1
Answer the following two questions considering the road situations shown in the two figures below:

e Which principles of the sustainable safety are applied in each of the road situations, and which
are not? Explain your answers.

e Which infrastructural changes and measures would you propose for each of the road
environments to adjust the design according to the sustainable safety requirements?
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https://www.google.com/maps/@5.621063,-0.2311468,3a,75y,148.88h,89.05t/data=!3m7!1e1!3m5!1sOCZ2_3BgDGTMjKVphrcvvg!2e0!6shttps:%2F%2Fstreetviewpixels-pa.googleapis.com%2Fv1%2Fthumbnail%3Fcb_client%3Dmaps_sv.tactile%26w%3D900%26h%3D600%26pitch%3D0.9549609690150618%26panoid%3DOCZ2_3BgDGTMjKVphrcvvg%26yaw%3D148.88435647592402!7i13312!8i6656?entry=ttu&g_ep=EgoyMDI1MDExNS4wIKXMDSoASAFQAw%3D%3D
https://www.google.com/maps/@5.6222582,-0.2353635,3a,75y,40.24h,66.84t/data=!3m7!1e1!3m5!1szVcqrJiZcEUjtC3AACvOgQ!2e0!6shttps:%2F%2Fstreetviewpixels-pa.googleapis.com%2Fv1%2Fthumbnail%3Fcb_client%3Dmaps_sv.tactile%26w%3D900%26h%3D600%26pitch%3D23.164054830455896%26panoid%3DzVcqrJiZcEUjtC3AACvOgQ%26yaw%3D40.24054727873725!7i13312!8i6656?entry=ttu&g_ep=EgoyMDI1MDExNS4wIKXMDSoASAFQAw%3D%3D

Exercise 2
Answer the following two questions considering the road situations shown below:

e What are the speed accelerators and speed decelerators in the road environment shown in the
figure above?

e What would be in your opinion a credible speed limit for the road above without making any
changes?

e Which infrastructural measures would you propose to make the road above self-explaining
and improve the safety of the vulnerable road users?
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Exercise 3
Inclusive design which considers the needs of all road users is in many countries mandatory by law:

e Search the urban design guidelines in your country and summarize what does it say regarding
taking the needs of people with disabilities into account when designing urban street. What is
missing and what can be improved?

Consider the road environment illustrated in the figure below:

e Indicate what changes would you propose to take into consideration the needs of elderly and
people with disabilities?
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Assessment quiz

The assessment quiz can be used as a part of the examination, or as another form of learning activities.

Question 1

State awareness is one of the five principles of the Dutch Sustainable Safety. What does this principle
entail?

State awareness means that the driver is aware of the state of the road. (incorrect)

State awareness is when the diver is aware of the state of his/her vehicle. (incorrect)

State awareness is when the driver is aware of his own state and capabilities. (correct)

State awareness is when the driver is aware of the traffic rules on the road. (incorrect)

Question 2:
What does the term ‘speed credibility’ refer to?
e The maximum legal speed limit of a road. (incorrect)

e The degree to which the road environment makes a speed limit feel natural to drivers.
(correct)

e The difference between posted speed limits and vehicle design speeds. (incorrect)

e The effectiveness of police speed enforcement. (incorrect)

Question 3:
The concept of shared spaces entails that (choose the correct answer):

e All road users can use the space only if they are physically separated to avoid conflicts.
(incorrect)
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Shared spaces are roads that pedestrians and cyclists are allowed, but not motorized traffic.
(incorrect)

Shared parking facilities to reduce the number of cars in residential neighbourhoods.
(incorrect)

Roads where traditional traffic controls are replaced by social cues and cooperation. (correct)
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Prepared by expert

In case you have specific questions, need a discussion partner, or just want feedback on your lecture
materials, you may reach out the author(s) of this module. Please, put ‘AfroSAFE curriculum’ in the

email subject.

Haneen Farah
Delft University of Technology
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