On A Roadway With Two 12-ft Lanes, A
Horizontal Curve Is Designed For 35
Mi/h With A 4% Superelevation.

Understanding the Design of Horizontal Curves
on Two-Lane Roadways

On a roadway with two 12-ft lanes, a horizontal curve is designed for 35 mi/h
with a 4% superelevation. This statement encapsulates key principles in
roadway engineering that ensure safety and efficiency for drivers navigating
curved sections of roads. Horizontal curves are essential components of
roadway design, allowing roads to change direction smoothly while maintaining
vehicular stability and comfort. Properly designing these curves involves
understanding factors such as lane width, design speed, superelevation, and
the radius of the curve. This article explores the fundamental concepts
behind horizontal curve design, the calculation of curve parameters, and best
practices for ensuring safety and comfort on two-lane roadways.

Fundamentals of Horizontal Curve Design

What Is a Horizontal Curve?

A horizontal curve is a segment of a roadway that changes the alignment of
the road horizontally, allowing vehicles to turn safely from one straight
path to another. These curves are characterized mainly by their radius,
length, and degree of curvature. Properly designed horizontal curves prevent
vehicles from skidding or overturning while negotiating the bend.

Importance of Horizontal Curves in Roadway Design

Horizontal curves serve several vital functions:
- Facilitating roadway alignment changes in a natural and safe manner.
- Reducing sharp turns that could be hazardous.
- Improving the aesthetic appeal of the roadway.
- Ensuring smooth traffic flow and minimizing vehicle speed variations.

Key Parameters in Horizontal Curve Design



Designing a horizontal curve involves several critical parameters:

Design Speed (V)

- The maximum safe speed at which vehicles are expected to traverse the
curve.

- For the given scenario, the design speed is 35 mi/h.

- Influences the curve radius and superelevation.

Lane Width (w)

- The width of each traffic lane, typically standardized to ensure safety.
- In this case, each lane is 12 ft wide.

- Lane width affects the overall width of the roadway and the lateral
clearance for vehicles.

Superelevation (e)

- The banking of the roadway on a curve, expressed as a percentage or ratio.
- It counteracts the lateral acceleration experienced by vehicles.
- The specified superelevation here is 4% (or 0.04).

Radius of the Curve (R)

- The distance from the center of the curve to its edge.

- Critical in defining the sharpness of the turn; larger radius means gentler
curves.

- The radius is calculated based on the design speed, superelevation, and
other factors.

Design Calculations for Horizontal Curves

Determining the Radius for a Given Design Speed and
Superelevation

The fundamental equation linking these parameters is derived from the
equilibrium of forces acting on a vehicle negotiating a curve:

\ [

R = \frac{V~2}{g \times (e + f)}
\1]

Where:

- \( R\) = Radius of the curve (feet)



- \( V \) = Design speed (feet per second)

- \( g \) = Acceleration due to gravity (32.2 ft/sec?)
- \( e \) = Superelevation (ratio)

- \( f \) = Coefficient of lateral friction

Step-by-step Calculation:
1. Convert the design speed from mi/h to ft/sec:

\ [

V = 35 \text{ mi/h} \times \frac{5280 \text{ ft}}{1l \text{ mile}} \times
\frac{l \ h}{3600 \ s} \approx 51.33 \text{ ft/sec}

\1

2. Assume a typical coefficient of lateral friction \(f = 0.15\) for dry
conditions.

3. Superelevation \( e = 0.04 \).
4, Calculate the radius:

\ [
R = \frac{(51.33)72}{32.2 \times (0.04 + 0.15)} = \frac{2634.93}{32.2 \times

0.19} \approx \frac{2634.93}{6.118} \approx 431 \text{ ft}
\1]

Conclusion:
The minimum curve radius for a 35 mi/h design speed with 4% superelevation
and typical friction is approximately 431 ft.

Implications of Curve Radius and Superelevation

- Gentle curves (larger radius) are preferable for higher speeds, reducing
lateral acceleration.

- Superelevation helps vehicles negotiate curves safely at higher speeds by
banking the roadway.

- The combination of radius and superelevation ensures vehicle stability and
comfort.

Role of Superelevation in Curve Design

Understanding Superelevation

Superelevation is the banking of the roadway around a curve, achieved by
raising the outer edge relative to the inner edge. It counters the lateral
acceleration experienced by vehicles, preventing skidding or overturning.



Why 4% Superelevation?

- A 4% superelevation (or 0.04 ratio) provides a balance between safety,
comfort, and construction feasibility.

- It is adequate for a 35 mi/h design speed on moderate curves.

- Excessive superelevation can cause discomfort and drainage issues; too
little can compromise safety.

Design Considerations for Superelevation

- The maximum permissible superelevation depends on factors like climate,
vehicle types, and road function.

- Typically, the superelevation is designed to be gradual, allowing vehicles
to adapt smoothly.

- The transition length from normal cross slope to superelevation is critical
for driver comfort and safety.

Implementation of Horizontal Curves in Roadway
Layout

Design Process for Two-Lane Roadways

1. Selection of Design Speed: Based on expected traffic and road function.
2. Determination of Curve Radius: Using the above calculations and safety
standards.

3. Design of Superelevation Transition: Gradually increasing from normal to
% over a specified transition length.

4. Determination of Curve Length: Ensuring the curve length accommodates
vehicle path and driver comfort.

5. Alignment and Geometric Layout: Using surveying methods to lay out the
curve accurately.

Standards and Guidelines

- AASHTO Green Book provides comprehensive standards for horizontal curve
design.

- Local standards may vary but generally adhere to similar principles.

- Safety margins are incorporated to account for varying conditions and
driver behavior.

Safety Considerations and Best Practices



Ensuring Safe Navigation of Curves

- Adequate curve radius based on design speed.

- Proper superelevation and transition lengths.

- Clear signage indicating curve radius and recommended speed.
- Adequate sight distance around curves to prevent accidents.

Additional Safety Measures

- Proper lane markings and reflective devices.

- Adequate shoulder width for emergency stops.

- Regular maintenance to prevent pavement deterioration.

- Adequate drainage to prevent water accumulation on superelevated sections.

Conclusion: Balancing Safety, Comfort, and
Efficiency

Designing horizontal curves on two-lane roadways requires a careful balance
of multiple factors. By understanding the interplay between lane width,
design speed, superelevation, and curve radius, engineers can create safe and
comfortable roads that facilitate smooth traffic flow. The example of a 35
mi/h design speed with a 4% superelevation illustrates how these principles
come together to produce effective roadway geometries. Proper implementation
ensures that drivers can navigate curves confidently, reducing the risk of
accidents and enhancing overall roadway efficiency. As roadway engineering
continues to evolve, adherence to these fundamental design principles remains
essential for safe and sustainable transportation infrastructure.

Frequently Asked Questions

What is the purpose of superlevation in roadway
design on horizontal curves?

Superlevation is used to counteract the lateral acceleration experienced by
vehicles on curves, helping to improve stability and safety by tilting the
roadway to assist vehicles in maintaining their lane at higher speeds.

How is the appropriate amount of superlevation
determined for a curve designed for 35 Mi/h?

The superlevation is calculated based on the design speed, curve radius, and
lateral acceleration limits, often expressed as a percentage of the road
width; in this case, a 4% superlevation is chosen to safely accommodate
vehicles traveling at 35 Mi/h.



What are the key considerations when designing a
horizontal curve with a 4% superlevation on a two-
lane roadway?

Key considerations include ensuring the curve radius provides comfortable
turning for 35 Mi/h, balancing superlevation to prevent vehicle overturning
or skidding, and providing adequate sight distance and transition lengths for
safety.

What are the typical effects of increasing
superlevation beyond 4% on a roadway curve?

Increasing superlevation beyond 4% can improve vehicle stability at higher
speeds but may lead to discomfort for drivers, increase construction costs,
and cause issues with drainage and vehicle rollover if excessively steep.

Why is the design speed of 35 Mi/h significant when
analyzing the safety of a horizontal curve with 4%
superlevation?

Design speed influences the curve radius and superlevation amount; at 35
Mi/h, the curve is designed to ensure vehicles can navigate safely without
excessive lateral forces or risk of skidding, maintaining a balance between
safety and cost-effectiveness.

Additional Resources

On A Roadway With Two 12-ft Lanes, A Horizontal Curve Is Designed For 35 Mi/h
With A 4% Superelevation

In the realm of highway engineering and roadway design, ensuring driver
safety and comfort while maintaining efficient traffic flow is paramount.
Among various design elements, horizontal curves play a critical role,
especially in regions where terrain necessitates curvature for route
continuity. When designing a horizontal curve for a two-lane roadway with
each lane measuring 12 feet in width, engineers must consider multiple
factors—including the designated speed, superelevation, and geometric
parameters—to optimize safety and performance. This article provides a
comprehensive analysis of a horizontal curve designed for a speed of 35 miles
per hour (Mi/h) with a 4% superelevation, exploring the principles,
calculations, and implications involved in such a design.



Understanding Horizontal Curves in Roadway
Design

What Are Horizontal Curves?

Horizontal curves are curved sections of a roadway that change the direction
of travel. Unlike vertical curves, which deal with elevation changes,
horizontal curves modify the horizontal alignment of the road, guiding
vehicles along a curved path. They are essential for navigating terrain
features, obstructions, or urban layouts where straight roads are
impractical.

Importance of Proper Design

Designing horizontal curves involves balancing safety, driver comfort, and
cost considerations. Properly designed curves minimize sharp turns that can
cause discomfort or accidents and ensure that vehicles can navigate the bend
at the intended speed without skidding or overturning.

Design Parameters for Horizontal Curves

Several parameters influence the geometric design of horizontal curves:

- Radius (R): The radius of the curve, which directly affects the sharpness
of the turn.

- Superelevation (e): The banking of the roadway on the curve, expressed as a
percentage or ratio, to counteract centrifugal force.

- Design Speed (V): The intended speed for which the curve is designed.

- Lateral Friction (f): The frictional resistance between tires and pavement,
which aids in vehicle stability during turning.

- Lane Width: The width of individual lanes, affecting the overall width and
transition zones.

In this case, the parameters are:

- Lane width = 12 ft per lane

- Number of lanes = 2 (total width = 24 ft)
- Design speed (V) = 35 Mi/h

- Superelevation (e) = 4% (or 0.04)



Calculating the Radius of the Curve

The radius of the horizontal curve is central to the design process,
influencing the curvature's sharpness and vehicle stability at the designated
speed.

The Basic Formula

The fundamental relationship for determining the maximum safe design speed on
a horizontal curve is derived from the equilibrium of centrifugal force and
lateral friction:

\ [

V2 = R \times g \times (e + f)

\1]

Where:

- \( V \) = design speed in ft/sec

- \( R\) = radius in feet

- \( g \) = acceleration due to gravity (~32.2 ft/sec?)
- \( e \) = superelevation (expressed as a decimal)

- \( T \) = coefficient of lateral friction

This formula assumes that the combined effect of superelevation and lateral
friction provides the necessary centripetal force.

Determining Design Speed in ft/sec

Convert 35 Mi/h to ft/sec:

\ [

V = 35 \text{ Mi/h} \times \frac{5280 \text{ ft}}{1 \text{ mile}} \times
\frac{l \text{ hour}}{3600 \text{ sec}} \approx 35 \times 1.467 \approx 51.33
\text{ ft/sec}

\1

Estimating Lateral Friction Coefficient (f)

The coefficient of lateral friction varies depending on pavement conditions
and vehicle types. For design purposes, typical values are used:



- For dry pavements, \( f \) usually ranges from 0.10 to 0.15.
- For safety considerations, a conservative value of 0.15 is often adopted.

In our analysis, we will assume:

\ [
f=0.15

\1

Calculating the Required Radius

Using the values:

\ [
V = 51.33 \text{ ft/sec}

e =0.04
f =0.15

g = 32.2 \text{ ft/sec}"2
\1]

Apply the formula:

\ [

R = \frac{V"2}{g \times (e + f)} = \frac{(51.33)"2}{32.2 \times (0.04 +
0.15)}

\1]

Calculate numerator:

\ [
(51.33)72 \approx 2635.4

\1]

Calculate denominator:

\ [
32.2 \times 0.19 \approx 6.118

\]

Thus:



\ [
R \approx \frac{2635.4}{6.118} \approx 431.1 \text{ ft}

\]
Conclusion:

The minimum radius of the curve designed for a 35 Mi/h speed with 4%
superelevation and a lateral friction coefficient of 0.15 is approximately
431 feet.

Implications of the Radius Choice

A radius of roughly 431 feet indicates a gentle curve, suitable for low to
moderate speeds, aligning with the design speed of 35 Mi/h. Such a radius
ensures that vehicles can navigate the curve safely without excessive lateral
acceleration, which could compromise stability or passenger comfort.

Superelevation and Cross-Slope Design

Understanding Superelevation

Superelevation involves banking the roadway to counteract the outward force
experienced by vehicles navigating a curve. A 4% superelevation means the
outer edge of the roadway is elevated by 4 inches for every 100 inches of
width, or equivalently, a 4% cross-slope.

Calculating Superelevation Rate

Expressed as a decimal:

\ [
e =0.04
\1

This banking improves vehicle stability, especially in curves with smaller
radii. It also allows for higher speeds or sharper curves without increasing
the risk of skidding.



Design Considerations

- The 4% superelevation is generally suitable for low to moderate speeds such
as 35 Mi/h.

- Excessive superelevation can cause discomfort and water pooling on the
roadway.

- The transition from tangent to curved sections should be smooth, with
proper superelevation transition lengths.

Lane Width and Overall Roadway Geometry

Two 12-ft lanes provide a standard width conducive to safe vehicle operation
at the design speed. The total roadway width on the curve is 24 feet, which
influences the design of transition zones and the placement of
superelevation.

- Wider lanes provide increased safety margins.
- The lane width affects the design of the curve's transition length,
ensuring vehicles do not experience abrupt changes in lateral forces.

Transition Curves and Safety Considerations

Transition curves (also called spiral or easement curves) are essential for
gradual changes in curvature and superelevation, providing comfort and
safety:

- Proper transition length minimizes lateral jerk.

- Transition length depends on design speed, lateral acceleration limits, and
the rate of change of curvature.

- Typical transition length is calculated to ensure gradual lateral
acceleration increase, reducing vehicle discomfort and rollover risk.

Summary of Engineering Best Practices

Designing a horizontal curve with a radius of approximately 431 feet, a 4%
superelevation, and a 35 Mi/h speed involves adhering to established safety
standards:



- Ensuring the radius is not too sharp to prevent excessive lateral
acceleration.

- Applying adequate superelevation to counteract centrifugal forces.

- Incorporating proper transition zones for comfort and safety.

- Considering pavement conditions and driver behavior for conservative safety
margins.

- Evaluating environmental factors such as water runoff to prevent
aquaplaning on superelevated sections.

Conclusion: Balancing Safety, Comfort, and Cost

The design of a horizontal curve on a two-lane roadway with 12-ft lanes for a
speed of 35 Mi/h and 4% superelevation exemplifies the intricate balance
between geometric safety standards and practical roadway engineering. The
derived radius of approximately 431 feet ensures that vehicles can navigate
the bend comfortably and safely without excessive lateral forces or risk of
skidding. Proper application of superelevation enhances stability, while
transition zones ensure a smooth driving experience.

Such detailed analysis underscores the importance of precise calculations and
adherence to safety guidelines in roadway design. As traffic volumes increase
and safety standards evolve, continuous refinement of these parameters is
crucial for maintaining efficient and secure transportation networks. The
integration of engineering principles with real-world constraints ultimately
results in roads that serve their users effectively, fostering safer journeys
for all.
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