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The AASHTO Roadside Design Guide (RDG), particularly the 4th Edition published in 2011, serves as the
definitive synthesis of current information and operating practices related to roadside safety. Developed by the
American Association of State Highway and Transportation Officials, this document is not merely a collection of
suggestions but a foundational resource used by highway agencies to develop their own standards and policies.
For civil engineers, transportation planners, and safety auditors, understanding the intricacies of the RDG is
essential for creating infrastructure that minimizes the frequency and severity of run-off-road (ROR) crashes.

The Evolution of Roadside Safety Engineering

Roadside safety has evolved significantly since the first edition of the Roadside Design Guide was published in
1989. Prior to this formalization, roadside design was often reactive. The 2011 edition supersedes the 2006
version, incorporating years of rigorous research and updated crash-testing criteria. One of the primary drivers for
the 4th Edition update was the need to align hardware evaluations with modern vehicle fleets, including the shift
toward larger light trucks and SUVs, which behave differently during impacts than the passenger cars of the late
20th century.

The roadsideis technically defined as the area beyond the traveled way—meaning the driving lanes—and the
shoulder. Design strategies within this zone focus on the "Forgiving Roadside" concept. This philosophy
acknowledges that driver error is inevitable; therefore, the roadway environment should be engineered to allow a
vehicle to recover safely or, if a collision occurs, to mitigate the energy of the impact to survivable levels.

Core Philosophy: The Hierarchy of Safety Treatments

The AASHTO RDG outlines a specific prioritization strategy for addressing roadside obstacles. Engineers are
encouraged to follow this hierarchy to achieve the highest level of safety efficiency:

1. Remove the Obstacle: This is the most effective strategy. If a tree, utility pole, or steep embankment can be
eliminated, the risk is zeroed out.

2. Redesign the Obstacle: If it cannot be removed, can it be made traversable? For example, converting a steep
drop-off into a gradual 1V:4H slope.

3. Relocate the Obstacle: Moving a hazard further from the traveled way to a point where it is less likely to be
struck (outside the clear zone).

4. Reduce Impact Severity: Using breakaway mechanisms for signposts or light poles so that they yield upon
impact rather than stopping the vehicle abruptly.

5. Shield the Obstacle: When the above options are not feasible, longitudinal barriers (guardrails) or crash
cushions are used to redirect the vehicle or absorb the energy.

6. Delineate the Obstacle: If no other treatment is possible, the hazard must be clearly marked to increase
driver awareness, though this does not physically reduce the impact risk.

Defining and Calculating the Clear Zone

The Clear Zoneis perhaps the most critical concept in the 2011 AASHTO RDG. It is defined as the total roadside



border area, starting at the edge of the traveled way, available for safe use by errant vehicles. This area includes
the shoulder, a recoverable slope, and/or a non-recoverable slope with a clear run-out area at its toe.

Factors Influencing Clear Zone Width

The required width of a clear zone is not a static number; it is a function of several variables:

* Design Speed: Higher speeds require wider clear zones because vehicles traveling faster deviate further from
the path before stopping or recovering.

» Design Volume (ADT): Average Daily Traffic counts influence the statistical probability of a vehicle leaving the
road.

« Roadside Slope: The steepness of the terrain adjacent to the road determines how easily a driver can steer
back onto the pavement.

* Horizontal Curvature: On the outside of curves, vehicles are more likely to depart the road due to centrifugal
forces, requiring an adjustment factor to the base clear zone width.

Table 1: Comparative Analysis of RDG 3rd vs. 4th Edition
While the core philosophy remained consistent, the 4th Edition introduced several refinements in statistics and
hardware criteria.



Feature

Hardware Criteria

Median Design

Metric/U.S. Customary

Clear Zone Factors

3rd Edition (2006)

Primarily NCHRP Report 350

Initial guidance on high-tension cable

Inconsistent across chapters

Based on older crash data

4th Edition (2011)

Integrated MASH (Manual for
Assessing Safety Hardware)

Expanded data on median crossover
prevention

Unified dual-unit presentation

Updated with modern encroachment

statistics

Roadside Topography and Slope Design

The RDG categorizes slopes into three main types based on their safety characteristics:

1. Recoverable Slopes

Slopes of 1V:4H (vertical to horizontal) or flatter are considered recoverable. On these surfaces, most motorists can
retain control of their vehicles or slow down to a stop. If the slope is recoverable, the width of the slope is included
as part of the clear zone distance.

2. Non-Recoverable Slopes

Slopes between 1V:3H and 1V:4H are generally traversable but non-recoverable. A vehicle on such a slope will
likely continue to the bottom. While these slopes do not typically cause a rollover, they cannot be counted as part of
the required clear zone width. However, a clear run-out area at the bottom of the slope is required.

3. Critical Slopes

Slopes steeper than 1V:3H are considered critical. A vehicle entering a critical slope is at a high risk of overturning.
In these instances, the slope must be shielded by a barrier if it cannot be flattened.

The Mechanics of Roadside Barriers

When an obstacle cannot be removed or the slope is critical, barriers are utilized. The AASHTO RDG 4th Edition
emphasizes that barriers are themselves hazards and should only be installed if the result of striking the barrier is
less severe than striking the shielded object.

Types of Longitudinal Barriers

« Flexible Barriers (e.g., Cable Barrier): These have the largest dynamic deflection upon impact. They are highly
effective at reducing occupant forces but require significant space behind the barrier to function properly.

¢ Semi-Rigid Barriers (e.g., W-Beam Guardrail): The most common type. They use steel posts and rails to
redirect vehicles. Modern designs like the MGS (Midwest Guardrail System) feature a 31-inch rail height to better
accommodate larger vehicles.

 Rigid Barriers (e.g., Concrete Jersey or F-Shape): These have near-zero deflection. They are ideal for narrow
medians or locations with no room for deflection, but they transfer more energy to the vehicle occupants.

Length of Need (LON) Calculation

One of the most technical aspects of the RDG is calculating the Length of Need. This is the total length of a
longitudinal barrier required to shield a hazard from an errant vehicle. The calculation considers the "Runout



Length" ($L_R$), which is the theoretical distance a vehicle travels after leaving the road before stopping. The
formula effectively creates a triangle of protection, ensuring a vehicle leaving the road at a specific angle cannot
"get behind" the barrier and strike the hazard.

Chapter 10: Rural and Low-Volume Roads

The 4th Edition provides specific recommendations for different environments, recognizing that a "one size fits all"
approach is economically impossible for rural or low-speed roads. Chapter 10 highlights several key metrics:

e Minimum Lateral Offset: A minimum of 1.5 feet (0.5 meters) is recommended from the face of the curb or the
edge of the shoulder to provide a buffer for operational clearance.

« Intersections: At intersections, the lateral offset should be increased to at least 3.0 feet to account for turning
movements and visibility.

e Hot Spots: For areas with high crash histories, a clear zone of at least 8.0 feet may be required even in
constrained low-speed environments.

Drainage and Utility Considerations

Drainage features are often the most common roadside "hazards." The RDG provides detailed guidance on making
these features traversable:

¢ Culverts: End treatments should be used to make culvert openings flush with the slope. Safety grates are
recommended for large openings to prevent vehicle tires from dropping into the pipe.

e Curbs: While curbs are primarily for drainage and channelization, they can cause vehicles to become airborne
if struck at high speeds. The RDG suggests that curbs over 4 inches high should not be used on high-speed
facilities.

« Ultility Poles: Collaboration with utility companies is urged to place poles at the edge of the right-of-way or to
use breakaway bases where relocation is impossible.

Implementation Challenges and Technical Solutions

In the field, engineers often encounter constraints such as limited right-of-way (ROW), environmental protections,
or historical sites that prevent the implementation of the ideal clear zone. The 2011 RDG addresses these through
a risk-management approach.

Table 2: Common Failure Modes and Engineering Solutions



Failure Mode / Challenge Technical Solution / Mitigation

Inadequate Barrier Deflection Space Switch to a stiffer barrier (e.g., Thrie-beam or Concrete) or
reduce post spacing.

Vehicle Underriding Guardrail Increase mounting height to 31 inches (MGS standard) and
ensure proper end terminals.

High-Speed Crossover Crashes Install high-tension cable barriers in medians to catch
vehicles from both directions.

Steep Slopes in Limited ROW Utilize retaining walls with integrated traffic railings (TL-4 or
higher).

Practical Field Guide: Step-by-Step Design Workflow

To implement the AASHTO Roadside Design Guide effectively, designers should follow this standardized workflow
during the preliminary engineering phase:

1. Data Collection: Determine the design speed, ADT, and horizontal/vertical alignment of the roadway.

2. Hazard Identification: Identify all fixed objects, steep slopes, and water bodies within the potential clear zone.

3. Clear Zone Determination: Use the RDG charts (e.g., Table 3-1) to find the required clear zone width based
on speed and traffic volume.

4. Gap Analysis: Compare the existing conditions to the required clear zone. Identify "Candidate Hazards" that
fall within this distance.

5. Apply Treatment Hierarchy: Systematically evaluate each hazard (Remove &gt; Redesign &gt; Relocate &gt;
Shield).

6. Barrier Design: If shielding is chosen, select the appropriate barrier type based on Test Level (TL)
requirements and site-specific deflection limits.

7. Review Errata: Ensure the design accounts for the September 2011 Errata, which corrected specific
technical examples (such as Example 3-K regarding clear zones for inside radii).

The Importance of Crash Testing (MASH vs. NCHRP 350)

A significant transition noted in the 4th Edition is the move toward MASH (Manual for Assessing Safety
Hardware). While many agencies still have NCHRP Report 350 hardware in place, the RDG emphasizes that new
installations should meet MASH criteria. MASH testing uses heavier vehicles and more representative impact
conditions, ensuring that roadside hardware is capable of handling the current US vehicle fleet, which has seen a
significant increase in center-of-gravity height and overall mass over the last two decades.

Safety Analysis and Economic Considerations

Roadside safety is a balance between risk and resource allocation. The AASHTO RDG provides tools like the
Roadside Safety Analysis Program (RSAP), a cost-benefit tool that helps engineers determine if a safety
improvement is economically justified. By calculating the expected crash frequency and severity, and comparing it
to the cost of construction and maintenance, agencies can prioritize projects that offer the highest Safety Return on
Investment (SROI).

Designing roadsides is not a matter of applying a static set of rules but rather a dynamic process of risk



assessment. The 2011 AASHTO Roadside Design Guide remains a cornerstone of transportation engineering
because it provides the data-driven framework necessary to make these complex decisions. By focusing on the
clear zone, optimizing barrier placement, and adhering to the hierarchy of safety treatments, engineers can
significantly reduce the impact of off-road incidents. As autonomous and connected vehicle technologies emerge,
the physical roadside will continue to play a vital role as the final line of defense in highway safety. The 4th Edition's
dual-unit, comprehensive approach ensures it remains relevant for local, state, and international highway projects
for years to come.
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