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ABSTRACT: Road alignment design is essential in
urban planning and traffic engineering, significantly
impacting the efficiency, safety, and sustainability of
urban transportation. Despite substantial progress in
traditional theories and methods, they face challenges
in real-world applications, especially as urbanization
and traffic demand increase. Limitations include poor
adaptability to complex urban environments,
insufficient response to dynamic traffic changes, and
gaps in promoting green transportation.This paper
reviews the theoretical foundations and development
of traditional road alignment design, evaluates its
current performance, and identifies key challenges. It
proposes targeted improvements and innovations to
advance both research and practice, supporting the

ongoing optimization of urban transportation systems.
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l. INTRODUCTION

With the improvement of transportation
networks, traffic conditions in various regions have
been enhanced. However, with the development of
the socio-economic landscape and the annual
increase in private vehicle ownership, tremendous
pressure has been placed on transportation networks.
To address the issues arising from the growing traffic
volume, the industry has begun to explore how to
alleviate this pressure through rational road network
design. Nevertheless, in some road design processes,
there has been an excessive focus on network
planning while overlooking the critical role of road
design in traffic safety, leading to numerous traffic
accidents.

To meet the increasing traffic demand and
improve traffic efficiency, modern road alignment
design must not only consider the fundamental
functions of the road but also address aspects such as
traffic safety, environmental protection, and urban
aesthetics.  The  application  of intelligent
transportation technologies allows for more accurate
predictions of traffic flow and optimization of traffic
signals, thereby enhancing road capacity and traffic
efficiency.

Traffic simulation technology can assist
designers in simulating traffic flow under different
design scenarios to identify the optimal road
alignment design. The use of this technology makes
road design more scientific and reliable, effectively
reducing traffic congestion and the likelihood of
accidents. Additionally, with the growing awareness
of environmental protection, road alignment design
also needs to consider minimizing impacts on the
natural environment. For example, incorporating
green and eco-friendly materials in road construction,
designing green belts, and implementing rainwater
collection systems can mitigate the environmental
damage caused by roads and improve their ecological
sustainability.

In summary, modern road alignment design
must satisfy traffic demands while also considering
traffic safety and environmental protection. By
employing intelligent transportation technologies and
traffic simulation techniques, designers can better
optimize road alignment designs, enhance road
capacity and traffic efficiency, and simultaneously
protect the environment, thus creating safer and more
sustainable urban transportation systems.

I1. THEORETICAL FOUNDATIONS AND

DESIGN ELEMENTS

2.1 Multidisciplinary Theoretical Support
The traditional theoretical foundations of
road alignment design encompass knowledge from
various  disciplines, including  transportation
engineering and urban planning. Transportation
engineering studies the components and operational
principles of transportation systems, providing
assurance of traffic flow and safety in road design.
Urban planning considers the layout and function of
roads within the urban space, as well as the
relationship between roads and their surrounding
environment, offering an overarching planning and

design framework for road development.
Additionally, road alignment design must
account for environmental protection, energy
conservation, and emission reduction. Designers
need to carefully consider the impact of road
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construction on the surrounding natural environment
and implement measures to protect ecological
systems.  Furthermore, considerations regarding
energy consumption and emissions during both the
construction and operational phases of roads are
essential. Promoting energy efficiency and emission
reduction principles drives road construction towards
more environmentally friendly and sustainable
practices.

In summary, the theoretical foundations of
traditional road alignment design are multifaceted,
requiring a comprehensive approach that integrates
land use, transportation engineering, urban planning,
environmental protection, and energy conservation.
This ensures that road designs meet transportation
needs, ensure traffic safety, protect the environment,
and contribute to sustainable urban development.

2.2 Key Indicators of Traditional Road Alignment
Design

Superelevation and widening are two
critical alignment parameters in road design.
Superelevation refers to the elevation of the outer
edge of a lane or the lowering of the inner edge on
curved sections of the road to counteract lateral
displacement  during  turns. Superelevation
calculations are typically based on vehicle speed, but
the relationship is not linear with the design speed;
generally, design values range from 2% to 8%.
Widening, on the other hand, aims to increase lane
width and is determined based on the specific road
use scenario, particularly in curves with smaller radii.
These theoretical foundations form the basis of
traditional road alignment design, providing
scientific principles and methodologies for road
design.

Urban road alignment design encompasses
both horizontal and vertical alignment aspects.
Horizontal alignment design focuses on curve and
straight sections, ensuring that the horizontal
projection of the road centerline meets the
requirements for urban road construction. Vertical
alignment design must be coordinated with
horizontal alignment, considering various factors to
achieve a comprehensive and functional road design.

2.3 Main Methods of Urban Road Alignment Design

In traditional road alignment design,
commonly used methods include vertical alignment
design, cross-sectional design, curve design, and
intersection design. Vertical alignment design
primarily considers factors such as road gradient and
embankment elevation. Cross-sectional  design
focuses on elements such as transverse gradient and
pavement width. Curve design involves the planning
of horizontal and vertical curves. Intersection design

includes various types of intersections and their
layouts. These methods play a crucial role in the
design process, ensuring that road alignment meets
regulatory requirements.

Road traffic engineering is a critical link in
connecting regions and serves as fundamental
infrastructure for daily travel. The rationality and
safety of its design directly impact road engineering
quality and traffic safety. Inadequate road design can
lead to significant loss of life and property. On long
straight roads, especially on high-speed segments
with clear visibility, drivers may develop a sense of
overconfidence and reduced vigilance, leading to
overtaking and speeding behaviors. As vehicle speed
increases, drivers’ ability to respond -effectively
diminishes, potentially triggering a chain of safety
incidents.

Road alignment design is a vital component
of road engineering, directly affecting road safety,
comfort, and traffic efficiency. The design must
consider the length relationship between different
types of curves and straight segments, ensuring that
drivers can operate their vehicles under safe
conditions. The length of straight segments between
reverse curves and same-direction curves should be
planned according to design speed requirements.
Insufficient straight lengths may lead drivers to
overlook short straight segments between curves,
increasing the risk of traffic accidents. Therefore,
adherence to straight length regulations is essential to
ensure safe driving. Additionally, vertical and cross-
sectional design are integral to road alignment design.
Vertical alignment design considers road gradient and
embankment elevation, ensuring road smoothness
and drainage. Cross-sectional design addresses
transverse gradient and pavement width, ensuring
road comfort and safety. Curve design involves
horizontal and vertical curves, which directly impact
vehicle stability and safety. Horizontal curve design
must account for factors such as vehicle turning
radius and overtaking lane width, while vertical
curve design should consider gradient changes and
curve lengths to ensure smooth and safe vehicle
operation. Intersection design includes various types
of intersections and their layouts, ensuring smooth
and safe traffic flow. Effective intersection design
can significantly reduce traffic congestion and
accident rates, improving traffic efficiency and safety.

In summary, road alignment design is a
crucial aspect of road engineering that requires a
comprehensive consideration of various factors to
ensure safety, comfort, and traffic efficiency. Only
through scientifically rational design can roads meet
required standards, providing a safer and more
convenient transportation environment for users.
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I1l.  CURRENT STATUS OF ROAD
ALIGNMENT DESIGN
3.1 Key Points in Urban Road Alignment Design

Chen Yuan[l] highlighted key points in
urban road alignment design, including the design of
straight road sections, the combination of horizontal
and vertical alignments, the design of vertical and
horizontal curves, and the safety design of
intersections.  Lin  Gengchai[2] proposed an
optimization method for horizontal road design,
consisting of tangential segments and circular curves
connected by transition curves. This method
transforms horizontal alignment design into a
constrained optimization problem to find the optimal
path connecting two endpoints. Vertical alignment
design is crucial for vehicle performance and road
safety. Long and steep gradients often become
accident-prone areas, and excessive use of lower
gears or continuous downhill driving on steep slopes
may lead to vehicle issues, such as radiator failure or
brake malfunctions, increasing the risk of traffic
accidents. Zhu Yong[3] recommended placing
warning signs in vertical alignment design to alert
drivers in advance about gradient and length,
suggesting checks on brakes, control speed, and
evaluating visibility conditions and driver judgment
thresholds on steep and long gradients, as well as
determining  appropriate  shoulder width and
emergency parking areas to prevent loss of control.
Li Xiaolei[4] analyzed the impact of horizontal,
vertical, and cross-sectional alignments on traffic
safety. A scientifically rational alignment design
contributes to smooth vehicle operation, accurate
judgment of road conditions by drivers, and prompt
responses to emergencies. Shi Zhenhua[5] suggested
that, in cases where alignment defects cannot be
adjusted, improvements in traffic signs, road width,
drainage facilities, and pavement materials could
compensate for deficiencies.

Through the selection of alignment design
indicators, Tao Ran[6] analyzed multiple indicators
and studied the selection and safety evaluation of
alignment indicators in road design. Even when
compliance with standards is achieved, poorly
combined road alignments may still pose traffic
safety risks.

3.2 Application of Modern Technology

With the acceleration of urbanization and
advancements in technology, traditional road
alignment design is continually evolving. Modern
technologies offer new possibilities for design, such
as GIS-based road design and the application of
virtual reality in the design process. Concurrently, the
demands for traffic safety and environmental
protection are increasing, driving road design

towards more intelligent and eco-friendly solutions.
The application of BIM technology has significantly
enhanced the level of engineering design. He
Qiusheng[7] explored the advantages of BIM
technology in road design and, using a city
expressway as a case study, employed Civil 3D
software to investigate terrain surfaces, horizontal
alignment, vertical alignment, and cross-sectional
design methods. Guo Xinxi[8] found that BIM
technology offers benefits such as visualization,
simulation, coordination, and output generation in
road alignment design, helping resolve design
conflicts and perform collision detection.

With the development of 5G communication
technology and the proliferation of the Internet of
Things, an increasing number of autonomous
vehicles are entering the market. The continuous
opening of autonomous driving test bases and
dedicated lanes is also preparing for the
commercialization of this technology. Zhou Wen[9]
extracted key mechanical parameters affecting
vehicle operation based on potential dangers such as
rear-end collisions, skidding, and rollovers, and
conducted safety calibration and comfort grading. A
safety evaluation index system for different road
alignments was established, defining the minimum
comfort radius and minimum turning parameters
required to ensure the comfort of autonomous
vehicles.

V. IMPROVEMENT IDEAS

Traditional design methods are often
singular, lacking diversity and flexibility, and fail to
fully meet the demands of different wurban
environments. These methods do not adequately
consider factors such as urban planning and
environmental protection, leading to design outcomes
that are disconnected from overall urban
development goals. Additionally, the absence of
intelligent technology and the underutilization of
smart transportation technologies and big data
analysis result in designs that lack scientific rigor and
forward-looking perspectives. These issues constrain
the further development of traditional road alignment
design and necessitate the exploration of improved
approaches and solutions.

In highway route design, considerations
such as environmental compensation and landscape
segment design are essential to enhance
environmental harmony. During route bends or
changes, the use of artificial sculptures, landscape
trees, and varied road scenery can guide vehicle
paths and improve driving safety. Adjusting driver
emotions and reducing the sense of oppression can be
achieved by incorporating varied heights and
densities in  green  landscapes.  Effective
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environmental compensation and landscape segment
design can enhance the ecological function of roads,
such as increasing composite vegetation communities,
restoring green facilities, and designing different
landscape belts. Traffic signs should be placed at the
tops of long, steep gradients and sharp turns to alert
drivers to focus and control their speed. Additionally,
increasing road width in accident-prone areas can
provide a safer driving environment. For areas with
low gradient transitions, such as superelevation
transitions, drainage facilities like intercepting
ditches should be installed to prevent water
accumulation and accidents. Finally, the use of
permeable asphalt concrete and other materials can
improve road conditions.

In comprehensive transportation planning,
urban planning and environmental protection must be
thoroughly considered to achieve an organic
integration of road design with overall urban
development goals. The introduction of intelligent
transportation technologies can optimize design and
improve traffic efficiency and safety, such as using
artificial intelligence for traffic flow prediction and
smart traffic signal control. Developing diversified
design standards that consider the characteristics and
needs of different urban environments can lead to
more varied and inclusive road designs.

Through the improvement strategies and
pathways outlined above, as illustrated in Figure 1,
traditional road alignment design can be advanced
towards a more comprehensive, intelligent, and
diversified approach. This evolution aims to meet the
demands of urban traffic development and to build a
safer, more convenient, and environmentally-friendly
urban transportation network.
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Figurel Road alignment design improvement ideas

refinement of its theoretical foundations and methods,
which  provides better support for urban
transportation development. In future advancements,
it is essential to maintain a focus on technological
innovation and integrated planning to enhance the
alignment of road design with urban development
and contribute to the creation of safer and more
convenient urban transportation networks.

Although traditional road alignment design
is relatively mature, it still faces challenges and
issues. By thoroughly analyzing the current state and
challenges and proposing improvement ideas and
methods, progress and development in the field of
road design can be achieved. Future road design
needs to be more comprehensive, intelligent, and
diversified to meet the demands of urban
transportation development and make greater efforts
to enhance the efficiency, safety, and sustainability of
urban transportation systems.
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