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Road design requires achieving two main goals: safety and comfort, as prescribed by several
international road standards and guidelines. In fact, most of the regulatory provisions are aimed
at ensuring acceptable safety conditions and the drivers’ comfort, in the context of a “self-
explaining” road design, which implies high geometric standards. In this optic, the driver should
adapt his/her behavior to the external conditions provided by road alignment, without the need
of being instructed or forced by signals.

One possible solution to design a self-explaining road, especially for two-lane rural local roads
in difficult topographic environments, is creating a horizontal alignment with several sharp
curves and short segments. This geometric setting, while respecting the minimum standards of
the regulation, leads drivers to keep the speeds low; thus, to drive in comfortable and safe
conditions. In such cases, the presence of speed limits might be useless, because the maximum
design speed will never be reached along the road layout, and all the operating speeds will be
lower than the speed limit due to the geometrical alignment itself.

Designing roads in this way necessarily implies using short horizontal curve radius (R), short
transition curve parameters (A), and short (or null) segments (L). However, coordinating those
three conditions in some specific rural context may be incompatible with the safety provisions
imposed by standards and guidelines.

The proposed research aims at characterizing the geometric design of tortuous low-speed rural
two-lane roads, by means of baseline rules and concepts from road standards. Italian standards
are used as base reference, compared with some other international standards. The mathematical
structure representing the entire road layout are stressed, to understand if it can reliably work
for such roads with sharp and multiple curves, aimed at inducing the cautious behavior of
drivers.

The investigated parameters in this analysis are the radius of curvature R, the shape parameter
of the transition curve A, the tangent length L, according to a given maximum design speed
(Vp, max) for the considered road type, together with their alignment.

This investigation is particularly dedicated to understanding the suitability of a self-explaining
road approach for specific minor rural roads which are rarely designed from scratch and by
using modern road design criteria. In fact, very often, the road design practice is dedicated to
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the enhancement of existing roads belonging to this category (rather than designing new such
roads), by modifying their geometric design to comply with higher speeds. On the other hand,
usually, those modern road design criteria are applied to roads of greater importance in the road
network for which safety and comfort-based concepts in the optic of self-explaining roads have
been checked multiple times in several new road projects.

The outcome of this research may contribute to the modernization process of road regulations.
In recent years, the need for new and updated road standards and regulations is becoming
impellent, also in the optic of Smart Roads (SR) and Autonomous Vehicles (AVs). By the way,
verifying and, in case, updating the existing basic rules for designing self-explaining roads must
be the first step towards more suitable regulations for preparing the roads to SR and AVs. In
fact, having adequate roads with drivers compelling to the rules, may help the transition to
technological roads. The transition to a full implementation of SR and AVs will take more than
one or more decades, indeed, so it is necessary to pave the road for it, making roads safe and
intelligible for all the users (traditional and technological ones). On the other way, minor rural
roads conceivably will be the last to be affected by these changes. Under this light, it is
immediate that this type of roads too must be adequate, in this transitory phase, for both, new
vehicles and systems and traditional ones.



