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Abstract: Traffic design plays a critical role in ensuring traffic safety. This article discusses the close
relationship between traffic design and safety, analyzes potential risk factors in traffic design, and
proposes targeted safety measures and accident prevention measures. Traffic design must follow
the basic principles of science, reasonably lay out roads, set up traffic signs and markings to ensure
safety and smoothness. Safety hazards such as unreasonable road layout, improper setting of traffic
markings, and road condition changes caused by adverse weather are key issues in traffic safety
management. To address these issues, effective solutions have been proposed, including standard-
ized lane and shoulder design, application of intelligent transportation systems (ITS), and improve-
ment of road drainage and anti-skid design. These measures can not only reduce the incidence of
traffic accidents, but also improve the safety and efficiency of the overall transportation system.

Keywords: traffic design; hidden danger; standardized lanes; intelligent transportation manage-
ment system; accident prevention

1. Introduction

In today's rapid urbanization, road safety has become particularly critical. Frequent
traffic accidents not only cause property damage, but also teach painful lessons of human
casualties. Traffic design plays a decisive role in ensuring road traffic efficiency and safety,
determining the frequency and severity of traffic accidents. Scientific and reasonable road
layout, complete transportation facilities configuration, and measures to cope with ad-
verse weather conditions are all key factors in preventing traffic accidents. In order to
effectively reduce traffic accidents and improve the safety of road use, this article will
analyze common safety hazards in traffic design, propose corresponding safety measures
and accident prevention measures, and provide practical and feasible improvement plans
for traffic design and management, thereby enhancing the safety guarantee of public
travel.

2. The Relationship between Traffic Design and Safety
2.1. Basic Principles of Traffic Design

Traffic design is the foundation of road traffic construction and management, aiming
to improve traffic flow, ensure safety, and balance the needs of environmental protection
and sustainable development.

As shown in Figure 1, each principle is closely related to road safety, smooth traffic,
and environmental sustainability. Transportation designers need to seek balance in these
aspects with the aim of improving the overall efficiency of the transportation system.
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Figure 1. Framework Diagram of Basic Principles of Transportation Design.

2.2. The Direct and Indirect Impact of Traffic Design on Safety

The impact of traffic design on safety is reflected in multiple aspects, including both
direct and indirect effects. The direct impact of traffic design is mainly reflected in the
rationality of road structure and traffic facilities. Well-designed road layout, clear line of
sight curve design, reasonable ramps and intersections, all help to reduce the possibility
of driver misoperation and prevent traffic accidents caused by obstructed vision or in-
creased operational difficulty. Standardized traffic signs and markings, such as speed
limit signs and lane dividers, can effectively guide drivers to maintain safe driving. In
addition, scientific signal control and traffic flow management, such as the coordinated
operation of traffic lights and the application of traffic monitoring systems, can signifi-
cantly reduce traffic conflicts and congestion, thereby ensuring driving safety.

The indirect impact of traffic design is mainly reflected in the driving habits of drivers
and the safety awareness of pedestrians. A scientifically planned traffic environment can
guide drivers to consciously comply with traffic regulations and reduce driving risks
caused by fatigue or recklessness. By setting up prominent road signs, clear lane guidance,
and appropriate transportation facilities, violations can be effectively reduced. In addition,
the application of intelligent transportation systems (such as dynamic flow control, real-
time traffic information push.) provides positive guidance for driver behavior and deci-
sion-making, which helps to reduce the occurrence of traffic accidents. Overall, traffic de-
sign indirectly affects the behavior and awareness of drivers by directly improving road
conditions and facilities, thereby enhancing the overall level of traffic safety [1].

3. Safety Hazards in Traffic Design
3.1. Unreasonable Road Layout

Unreasonable road layout is a common safety hazard in traffic design, usually man-
ifested as insufficient consideration of factors such as traffic flow, driving speed, sight
distance, terrain, etc. in road design, resulting in higher accident risks for road users dur-
ing driving. Unreasonable road design may include the following issues: the radius of
road bends is too small and the slope is too steep. This is particularly significant in moun-
tainous or irregular terrain, making it difficult for drivers to control the vehicle, especially
at high speeds where significant lateral forces are generated, increasing the risk of loss of
control [2]. To improve this situation, it is possible to optimize the geometric design of the
road, increase the radius of bends, and design slopes reasonably to ensure that vehicles
do not slip at normal driving speeds. The relationship between curve radius and risk of
loss of control:

v2

R= g'tan(0) (1)

Among them, R is the radius of the bend, v is the vehicle speed, g is the gravita-
tional acceleration, and tan(®) is the inclination angle of the bend. A curve radius that is
too small can increase the risk of vehicle loss of control. Unreasonable intersection design
may include issues such as insufficient visibility and mismatched number of lanes. If there
are deficiencies in intersection design, it can easily lead to traffic accidents, especially at

Vol. 2 No. 2 (2025)

38 https://doi.org/10.71222/hyk8js12


https://doi.org/10.71222/hyk8js12

International Journal of Engineering Advances https://www.gbspress.com/index.php/IJEA

busy intersections. The safety level of intersections is closely related to the design quality,
and it is necessary to ensure sufficient line of sight and reasonable signal control duration
during design. The relationship between intersection flow and accident probability:

A=k3 )

Among them, A represents the probability of accidents, k is the empirical coeffi-
cient, Q is the traffic flow at the intersection, and S is the safety index of the intersection.
If the safety design of intersections with high traffic is poor, the accident rate will signifi-
cantly increase. Unreasonable road planning not only affects the smoothness of traffic, but
also increases the likelihood of accidents. Therefore, when optimizing road design, it is
necessary to comprehensively consider the actual functional requirements, traffic flow,
vehicle speed, terrain and other factors of each section, and reduce accident hazards
through reasonable geometric design [3].

3.2. Unscientific Setting of Traffic Signs and Markings

Traffic signs and markings are essential elements in road traffic management, play-
ing an irreplaceable role in guiding drivers and pedestrians towards safety. Unscientific
signs and markings may cause chaos in traffic order and increase the risk of accidents.
Common safety hazards include improper placement of signs and markings, non-stand-
ard design, and unclear information transmission. Signs should be placed in a location
that is easily noticeable to drivers. If the location is chosen incorrectly, such as the sign
being too far from the intersection or obstructed by obstacles, it can cause drivers to not
receive relevant information in a timely manner, thereby increasing the risk of traffic ac-
cidents. For example, if speed limit signs are not set properly, drivers often only notice the
speed limit at a distance from the speed limit section, resulting in speeding. The relation-
ship between signs and reaction time:

t=2 ©)

Among them, t is the reaction time, d is the distance from the marker to the driver,
and v is the driving speed. If the sign is set too far away, the driver's reaction time will
increase, resulting in the inability to respond in a timely manner, thereby increasing the
risk of accidents. The lane markings, separation lines, parking lines, and other markings
on the road must be kept clear and conspicuous, and must comply with corresponding
standards. Fuzzy or missing markings can make it difficult for drivers to accurately de-
termine lane boundaries and increase the risk of collisions. Especially in complex areas
such as intersections and ramps, the design of markings should be particularly clear. The
relationship between lane width and traffic accidents:

N

c=2 (4)

Among them, C represents the frequency of accidents in the lane, N represents the
number of traffic accidents in the lane, and W represents the width of the lane. The nar-
row lane width often makes it difficult for drivers to maintain lane stability, increasing
the probability of accidents. Therefore, to ensure smooth and safe traffic, it is necessary to
pay attention to the reasonable planning of traffic signs and markings, and design should
focus on clear, standardized, and appropriate placement [4].

3.3. Adverse Weather Conditions Affecting Road Conditions

When encountering extreme weather conditions such as rain, snow, haze, and road
icing, the road driving environment often deteriorates, leading to an increase in the inci-
dence of traffic accidents. Rain or snow can make the road surface slippery, reducing the
friction between the tires and the pavement. A decrease in friction coefficient can lead to
an extension of braking distance, making it easier for the vehicle to lose control. Friction
can be expressed by the following formula:

Fr=u-N (5)

Vol. 2 No. 2 (2025)

39 https://doi.org/10.71222/hyk8js12


https://doi.org/10.71222/hyk8js12

International Journal of Engineering Advances https://www.gbspress.com/index.php/IJEA

Among them, F¢ is the frictional force, p is the coefficient of friction, and N is the
vertical load of the vehicle. In adverse weather conditions, the p value will decrease, re-
sulting in a decrease in the vehicle's traction and an increase in the risk of skidding. Haze
or rainy weather can significantly shorten the driver's line of sight, affecting their judg-
ment of road conditions. Drivers' reaction time increases in low visibility conditions, mak-
ing them more likely to be involved in accidents. The relationship between line of sight
and driver reaction time can be expressed by the following formula:

treaction = M (6)

Among them, treaciion iSTeactiontime, dyisipiity is visibility, and v is driving speed.
When visibility decreases, the driver's reaction time increases and the risk of accidents
increases. However, icing greatly reduces the friction coefficient between the tire and the
road surface, significantly reduces braking performance, and increases the probability of
traffic accidents. The braking distance can be expressed by the following formula:

2
Tns (7)

Among them, dya. isthebraking distance, v is the driving speed, p is the friction
coefficient, and g is the gravitational acceleration. On icy roads, the p value is close to
zero, and the braking distance increases significantly, which can easily lead to accidents.
In summary, the impact of adverse weather on road conditions cannot be ignored. When
designing, factors such as anti-skid, antifreeze, and drainage should be considered to im-
prove the anti-skid performance of the road, thereby reducing the negative impact of
weather changes on traffic safety.

dprake =

4. Safety Measures and Accident Prevention Measures in Traffic Design
4.1. Standardized Lane and Shoulder Design

Standardized lane and shoulder design is a crucial aspect of traffic safety manage-
ment. Through standardized design, the occurrence of traffic accidents can be signifi-
cantly reduced and the traffic capacity of roads can be enhanced. Reasonable lane width,
shoulder design, marking layout, and pavement materials can not only enhance the driv-
ing experience of drivers, but also effectively prevent traffic safety issues caused by im-
proper design.

As shown in Table 1, by scientifically designing lane width, shoulder setting, mark-
ing layout, and pavement material, the occurrence of traffic accidents can be effectively
reduced, especially in highways and urban roads. Appropriate shoulder width provides
ample space for emergency parking and accident handling, while standardized marking
design helps drivers clarify road boundaries and reduce uncertainty during the driving
process. Through these standardized designs, the efficiency of road traffic can be signifi-
cantly improved, and the driver's sense of driving safety can be enhanced [5].

Table 1. Design Standards for Lanes and Reasons for Safety Improvement.

Design ele-
esign el Design standards Reasons for increased security
ments
Appropriate width helps prevent vehicles
. Urban road lane width > 3.5 meters ~ from getting too close together and reduces
Lane-width . . .
Expressway lane width > 3.75 meters the risk of collisions
Enhance the driving stability of drivers
Clearly define lane boundaries, reduce th
Lane mark- Using highly reflective materials cary ¢ elne fane bouncares, recuce the

. . . . ossibility of drivers deviating from the

ing design Road edge marking width > 0.15 meters p y . . &
lane, and avoid collisions

Sight distance on straight road sections > Detecting obstacles, traffic signs, etc. in ad-

200 meters vance to improve drivers' reaction time and

Curve line of sight > 50 meters reduce collisions

Visual range
design
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Markings Markings should be made of highly re- Improve road recognition ability at night

and Road flective and durable materials and in adverse weather conditions, reduc-
Surface Col- Clear separation lines should be set up  ing the possibility of deviating from or
ors on highways crossing lanes

4.2. Adopting Intelligent Transportation Management System (ITS)

The Intelligent Transportation Management System (ITS) uses modern information
technology and intelligent devices to monitor, analyze, and manage traffic conditions in
real time, thereby achieving rational allocation of traffic flow, enhancing traffic safety, and
reducing the number of traffic accidents. ITS has become an indispensable part of modern
urban traffic management, which can effectively reduce the frequency of traffic accidents
and improve road traffic capacity through multiple functions.

As shown in Table 2, the intelligent transportation management system integrates
multiple functional modules to achieve real-time monitoring of traffic flow, timely warn-
ing of accidents, intelligent control of traffic lights, and real-time release of information.
This greatly improves the efficiency and safety of road traffic, reduces the incidence of
traffic accidents, and provides solid support for contemporary urban traffic management
work.

Table 2. Implementation Measures and Reasons for Safety Improvement of Intelligent Transporta-
tion Management System (ITS).

ITS function Means of realization Reasons for increased security
Collect traffic flow data using Real-time monitoring of traffic flow, detection
ground sensors, video surveil- of congestion or abnormal situations, optimi-
lance cameras, radar and other  zation of lane allocation and signal control,
devices and reduction of traffic accidents

By analyzing real-time traffic
Intelligent Traffic flow data, dynamically adjust the

Signal Control duration and change cycle of traf-

fic signal lights
Real time traffic Set up electronic display screens
information re- at roadside and important inter-

Traffic flow moni-
toring and man-
agement

By intelligently adjusting the duration of traf-
fic lights, congestion during peak hours can
be alleviated and traffic accidents reduced

Provide real-time traffic information to help
drivers avoid congested or accident prone ar-

lease and naviga- sections to release real-time traf- . .
eas, reducing the occurrence of accidents

tion fic information
Provide information on road con-
Vehicle Infor- ditions, accidents, weather, etc. to
mation System  help drivers make safer driving
decisions

Improve drivers' road condition perception
ability, timely obtain traffic change infor-
mation, and avoid traffic accidents

4.3. Improving Road Drainage and Anti-Skid Design

Road drainage and anti-skid design are key factors in traffic safety, especially in en-
vironments with heavy rain, snow, and slippery roads. Efficient road surface water dis-
charge systems and anti-skid measures can effectively reduce the likelihood of vehicle
slippage and accidents. Reasonable road surface design helps to quickly remove accumu-
lated water, reduce slipperiness, and increase the adhesion between tires and the ground,
thereby ensuring the stability of vehicles during driving.

As shown in Table 3, improving road drainage and anti-skid design can effectively
enhance road driving safety and reduce the risk of traffic accidents in wet and slippery
weather and rainy/snowy conditions. Adopting appropriate drainage schemes, high per-
meability pavement materials, special anti slip materials that increase the friction coeffi-
cient of the pavement, and regular road maintenance all contribute to maintaining a high
level of safety for the road in the long term.
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Table 3. Design Standards and Measures for Road Surface and Reasons for Safety Improvement.

Design elements  Design standards and measures Reasons for increased security
Design standards and measures Optimization of drainage system can ef-
Design of pave- The road slope should generally be 2%-  fectively reduce road surface water,
ment drainage 3% avoid water accumulation and sliding,
system Set up drainage facilities such as drain- and reduce vehicle slippage and acci-
age ditches and rainwater wells dents

A high friction coefficient road surface
can enhance grip under wet and slippery
conditions, preventing the vehicle from
sliding out of control
Keep the drainage system unobstructed
to prevent sliding accidents caused by
accumulated water during the rainy sea-

Use high friction materials such as
modified asphalt, stone chip asphalt,
etc

Anti slip pave-
ment design

Road mainte-  Regularly clean the drainage system
nance and up- and check the smoothness of drainage

keep wells and ditches
son

Wet and slippery  Set up electronic prompt boards or ~ Provide real-time warning information
weather road broadcasting systems to provide warn-  to help drivers adopt more cautious
condition re-  ings to drivers about rain, snow, water driving strategies and reduce traffic acci-

minder accumulation, or slippery slopes dents in slippery weather conditions

5. Conclusion

Improving road safety and traffic efficiency requires carefully planned traffic design.
Through reasonable lane and shoulder design, the application of intelligent traffic man-
agement systems, and improved drainage and anti-skid design, the occurrence of traffic
accidents can be significantly reduced, ensuring the safety of drivers and pedestrians. Es-
pecially in complex areas and adverse weather conditions, reasonable planning and effi-
cient management methods can greatly improve road conditions and reduce potential
safety hazards. Implementing standardized design, intelligent management, and infra-
structure optimization not only helps improve traffic flow, but also further reduces the
probability of accidents, providing a safer and more convenient travel environment for
society. Overall, safety measures and accident prevention measures in transportation de-
sign play a crucial role in reducing accident rates and ensuring road safety, and must re-
ceive continuous attention and effective implementation from all parties.
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