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1- Abstract :

A reverse curve in highway design refers to a geometric configuration where
two simple curves follow each other in opposite directions. This design is
implemented to address specific challenges posed by the terrain or to
accommodate other considerations such as property boundaries or environmental

constraints.

The purpose of a reverse curve is to create a smooth transition between two curves
that bend in different directions. This helps drivers navigate changes in alignment
more comfortably, enhancing safety on the road. Engineers carefully calculate
and design reverse curves to ensure that the transition between opposing curves

Is gradual and predictable for drivers.

By incorporating reverse curves, highway designers aim to optimize the road
layout, taking into account the surrounding topography and minimizing the
impact of sharp turns on vehicle dynamics. This contributes to an overall
improvement in the safety and efficiency of the road, providing a balanced and

well-planned solution for navigating diverse landscapes.[1]
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2- Introduction :

Horizontal Curves

Highway horizontal curves are used to provide a smooth transition between
two straight sections of a road, also known as tangents. They allow vehicles to
negotiate a change in direction or alignment at a gradual rate, rather than a sharp
turn. The design of horizontal curves depends on factors such as the intended
design speed, the radius of curvature, the superelevation, and the sight
distance.[2]

There are several types of horizontal curves in highways:
1. Simple Curve.
2. Compound Curve.
3. Reverse Curve.
4. Spiral Curve.

Each type serves a specific purpose in highway design, ensuring safe and

efficient navigation for drivers. [3]

C REVERSE CURVE D SPIRAL CURVE

Figure 1 — Horizontal curves.


http://www.novapdf.com/

Reverse curve

A highway reverse curve refers to a section of road that incorporates two
simple curves in opposite directions, separated by a tangent or straight path. The
purpose of reverse curve is to use when it needs to avoid some areas. This design
Is employed to navigate changes in alignment and direction efficiently. Reverse
curves are strategically used in road design to enhance driver awareness and
safety, requiring motorists to negotiate two consecutive curves in different
directions. Proper signage and road markings are critical on reverse curves to
ensure that drivers can anticipate and navigate the changes effectively. The design
aims to balance the need for maneuverability with safety considerations in the

overall road layout.[1]

ELEMENTS OF A REVERSE CURVE (fig .2)

PC = Point of Curvature

PT = Point of Tangency

PRC = Point of Reversed Curvature

T1= length of tangent of the first curve
T2= length of tangent of the second curve
V1= vertex of the first curve

V2= vertex of the second curve

I1= central angle of the first curve

I2 = central angle of the second curve
Lcl= length of first curve

Lc2= length of second curve

L1= length of first chord Reversed Curves
L2 = length of second chord (fig .2)
T1 + T2= length of common tangent measured fromV1 to V2

PRC

Common tangent
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-From fig (3)

P=ml+m2
= (O1A-01D)+(02B-02E)
= (R1-R1CosA)+(R2-R2Cos A)

T1
= R1(1-CosA) +R2(1-CosA) A
P=R1+R2 (1-CosA)
WhenR1=R2 D

P=2R(1-CosA) N b

R1
A
d=DC+DE = RlsinA+R2sinA 01
d =R1+R2(sinA) whenR1=R2
d=2R(sinA) i
TYPES OF REVERSE CURVES

1.Reversed Curve with Nonparallel Tangents (fig 4.1) .
2.Reversed Curve with Parallel Tangents ( fig 4.2) .
3.Converging Tangents ( fig 4.3) .

4.Intermediate Tangents (fig 4.4)

fig-3
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Assessing highway safety on reverse curves involves considering various

factors:

1. Visibility: Adequate sight distance on both curves is crucial for drivers to
anticipate and navigate the changes. Obstructions or limited visibility can pose

significant safety risks.

2. Speed Limits: Appropriate speed limits for the reverse curve should be
established based on design parameters, ensuring drivers can navigate the curves

safely.

3. Superelevation: Proper banking of the road on curves counters centrifugal
force, enhancing vehicle stability. Inadequate or excessive superelevation can

affect safety.

4. Road Surface Conditions: Well-maintained and skid-resistant road surfaces

contribute to safe navigation, especially on curves where traction is crucial.

5. Signage and Markings: Clear and visible signs indicating the upcoming reverse
curve, along with pavement markings, guide drivers through the alignment

changes.

6. Geometry: Considers the radius of each curve, the length of the tangent
between curves, and overall alignment to ensure smooth transitions that minimize

abrupt changes in direction.

7. Driver Behavior: Analyzing historical crash data on similar reverse curves
helps identify potential safety issues and informs improvements to road design or

traffic management.

8. Roadside Design: Ensuring a clear zone free of obstacles on the outside of the
curves can minimize the severity of accidents and provide recovery space for

errant vehicles.[3][4]
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3- Purpose :

A reverse curve highway safety assessment involves evaluating the safety aspects
of a road segment with alternating curves in opposite directions. This assessment
considers factors such as geometric design, visibility, signage, and overall
infrastructure to ensure the safe navigation of drivers through these reverse
curves. The goal is to identify and address potential hazards, mitigate risks, and
enhance the overall safety of the roadway. It may include analyzing accident data,
assessing the effectiveness of existing safety measures, and implementing
Improvements to optimize safety for motorists traversing reverse curves. The

following points should be considered:

1. Safety Enhancement: The primary goal is to enhance the safety of the roadway,
particularly on sections with reverse curves. By evaluating and addressing
potential safety concerns, the assignment aims to minimize the risk of accidents

and improve overall road safety.

2. User Experience: Creating a road environment that facilitates smooth and safe
navigation for drivers contributes to a positive user experience. This, in turn,

encourages compliance with traffic rules and regulations.

3. Compliance with Standards: The assignment ensures that highway design and
safety measures align with established standards and guidelines. This includes
factors such as sight distance, speed limits, and road geometry, which are critical

for compliance and consistency.

4. Risk Mitigation: Identifying and mitigating risks associated with reverse
curves, such as visibility issues, improper superelevation, or inadequate signage,

helps proactively reduce the likelihood of accidents and their potential severity.

5. Data-Driven Decision Making: By analyzing historical crash data and

conducting safety audits, the assignment supports data-driven decision-making.
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This allows for evidence-based improvements to road design, signage, or other

safety features.

6. Continuous Improvement: The assignment promotes an ongoing process of
evaluation and improvement. Regular safety assessments contribute to the
continuous enhancement of roadway infrastructure, addressing emerging

challenges and adapting to changing traffic patterns.

7. Legal and Regulatory Compliance: Ensuring that the highway design complies
with relevant legal and regulatory requirements is a key aspect. This serves to

avoid legal issues and establishes accountability in the event of accidents.

8. Public Welfare: Ultimately, the assignment serves the broader goal of public
welfare. A safer road environment contributes to the well-being of the community
by reducing the occurrence and severity of accidents, protecting lives, and

minimizing property damage.

By addressing safety concerns on reverse curves through this assignment, it
contributes to creating a road network that is not only efficient but, more

importantly, safe for all users.[3]

10
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4- Reviews :

Simulation and Modelling of Safety of Roadways in Reverse Horizontal
Curves (RHCs):

- With Focus on Lateral Friction Coefficient: This paper uses vehicle dynamic
modeling to evaluate the lateral friction of various vehicles moving on reverse

curves combined with different longitudinal slopes.

Maziyar Khanjari, Ali Abdi Kordani, and Saeed Monajjem: They used vehicle
dynamic modeling to evaluate the lateral friction coefficient of various vehicles
moving on reverse horizontal curves (RHCs) combined with a longitudinal slope.
They presented a multiple regression model based on the effective parameters,
such as design speed, direct distance, and different longitudinal slopes. They
found that speed, longitudinal slope, and vehicle type had the most impact on the

lateral friction coefficient, and direct distance had the most negligible impact.
-With Focus on Lateral Acceleration:

Maziyar Khanjari, Ali Abdi Kordani, and Mohammad Zarei: They used vehicle
dynamic modeling to evaluate the lateral acceleration of vehicles passing through
the RHCs combined with three scenarios of downgrades, upgrades, and no slope.
They presented a multiple regression model based on the effective parameters,
such as design velocity, direct distance, and different longitudinal slopes. They
found that the slide potential of vehicles crossing the RHCs combined with the

downgrade was more significant than the upgrade and the no-slope paths .

Mohammad Reza Ahadi, Mohammad Zarei, and Ali Abdi Kordani: They
investigated the effect of shoulder width on the safety of highways in horizontal
curves. They used the AASHTO model to calculate the minimum required
shoulder width for different design speeds and curve radii. They found that
increasing the shoulder width reduced the probability of accidents and improved
the safety level of highways.[3][5]

11
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- Federal Highway Administration (FHWA):

They provided some guidelines and resources for improving the safety of
horizontal curves. They identified some common crash types and contributing
factors, such as roadway departure, head-on, and speed. They also suggested
some countermeasures and best practices, such as curve warning signs, pavement

markings, and speed management .[5]

12
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5- Conclusion :

The assessment of highway safety on reverse curves underscores the
multidimensional nature of ensuring safe road navigation. The interplay of design
elements, technological integration, human factors, and community engagement
collectively influences the effectiveness of safety measures. ptimizing the design
of reverse curves involves a careful balance of curvature, transition segment
length, and superelevation to accommodate various vehicle types and speeds. The
incorporation of surveillance technologies provides real-time insights,
contributing to proactive safety measures and efficient response to potential

issues.

Human factors, including driver behavior, education, and awareness, emerge as
critical components. Initiatives that promote responsible driving and adherence

to recommended speeds are essential to enhancing safety on reverse curves.

Regular maintenance, informed by continuous assessments and community
feedback, ensures the sustained effectiveness of safety measures. Predictive
maintenance, supported by evolving technology, plays a role in identifying and

mitigating potential hazards before they escalate.

Engaging the community in the safety discourse fosters a more comprehensive
understanding of local concerns and contributes to tailored safety solutions. The
regulatory framework must evolve to incorporate advancements in safety

standards and address emerging challenges associated with reverse curves.

In essence, a holistic approach that considers design, technology, human
behavior, maintenance, and community involvement is essential for achieving
and sustaining highway safety on reverse curves. This multifaceted perspective
ensures that our roadways not only meet current safety standards but also adapt

to the evolving dynamics of transportation.[2][3][5].

13
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6- Recommendations :

To comprehensively assess highway safety on reverse curves, consider the

following recommendations:
1. Accident Data Analysis:

- Analyze historical accident data specific to the reverse curve, considering

types of incidents, their frequency, and severity.

- ldentify patterns and common contributing factors to guide safety

improvements.
2. Geometric Design Review:

- Conduct a thorough review of the geometric design, including curvature,

transition segment length, and superelevation.
- Ensure alignment with current safety standards and guidelines.
3. Sight Distance Assessment:

- Evaluate sight distance around the reverse curve to ensure drivers have clear

visibility of the road ahead.
- Consider both horizontal and vertical sight distances to optimize anticipation.
4. Transition Segment Length Check:

- Assess the length of the transition segment between the curves to ensure it

facilitates a smooth and gradual transition for drivers.
- Consider the design speed and vehicle characteristics in this evaluation.
5. Superelevation Inspection:

- Verify that the superelevation (banking) is adequate to counteract centrifugal

forces and enhance vehicle stability.

14
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- Consider the range of speeds and vehicle types using the road.
6. Driver Behavior Studies:

- Conduct studies on driver behavior, including speed compliance and

adherence to recommended design speeds.

- Implement targeted educational campaigns to address specific driver

challenges.
7. Maintenance Records Review:

- Regularly review maintenance records, focusing on the condition of the road

surface, signage, and clear zones.
- Prioritize proactive maintenance to address potential safety hazards promptly.

Implementing these recommendations as part of a holistic safety assessment
strategy will contribute to creating safer conditions for drivers navigating reverse

curves on highways.

15
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