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Roadway engineering is fundamentally a discipline of risk management. The AASHTO Roadside Design Guide 

(RDG), 4th Edition (2011), serves as the primary technical framework for highway agencies and designers to

minimize the frequency and severity of run-off-road (ROR) crashes. By synthesizing decades of empirical research

and operational practices, the RDG provides a comprehensive set of guidelines for creating "forgiving" roadsides.

This technical analysis explores the core mechanics, mathematical foundations, and practical implementations of

the 4th Edition, offering an in-depth resource for senior civil engineers and safety analysts.

1. The Philosophy of the Forgiving Roadside

The core philosophy underpinning the AASHTO Roadside Design Guide is the concept of the forgiving roadside.

This approach acknowledges that drivers will inevitably make errors that lead to vehicles leaving the traveled way.

The engineering objective is to provide a roadside environment that allows a driver to regain control or provides a

safe area for the vehicle to come to a stop without colliding with a fixed object or overturning.

The RDG prioritizes safety treatments through a specific hierarchy of selection:

1.  Remove the obstacle or hazard entirely.

2.  Redesign the obstacle so it can be safely traversed.

3.  Relocate the obstacle to a point where it is less likely to be struck.

4.  Reduce impact severity by using breakaway devices.

5.  Shield the obstacle with a longitudinal barrier or crash cushion.

6.  Delineate the obstacle if none of the above are feasible.

2. The Clear Zone Concept: Theoretical Framework

The Clear Zoneis 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 shoulders, bike lanes, and auxiliary lanes, as well as recoverable

slopes and non-recoverable but traversable slopes.

2.1 Mathematical Determinants of Clear Zone Width

Determining the appropriate clear zone width is not a "one-size-fits-all" calculation. It is a function of three primary

variables:

•  Design Speed: Higher speeds require wider clear zones due to the increased kinetic energy and larger 

turning radii of errant vehicles.

•  Design Traffic Volume (ADT): Average Daily Traffic influences the statistical probability of a ROR event.

•  Roadside Geometry: The steepness of the foreslope or backslope significantly affects a vehicle's ability to 

recover.

2.2 Clear Zone Adjustment for Horizontal Curvature

Vehicles are more likely to leave the road on the outside of horizontal curves. The RDG provides adjustment factors

($K_{cz}$) to increase the clear zone width in these high-risk areas. The formula for the adjusted clear zone



($L_{ca}$) is:

$L_{ca} = (L_c) \times (K_{cz})$

Where $L_c$ is the basic clear zone width from standard tables. As demonstrated in the FHWA technical data, a

curve with a 450-meter radius for a road with a 100 km/h design speed might require an adjustment factor of 1.4,

significantly expanding the safety buffer required for that specific segment.

3. Technical Analysis of Roadside Slopes

Slopes are categorized based on their effect on vehicle stability and the driver's ability to steer back toward the

roadway. The AASHTO RDG provides rigorous definitions for these categories.

3.1 Recoverable Slopes (1V:4H or Flatter)

Slopes of 1V:4H or flatter are considered recoverable. On these slopes, a motorist can generally stop the vehicle

or slow down enough to steer back to the road safely. In these instances, the clear zone width is measured

cumulatively across the slope.

3.2 Non-Recoverable but Traversable Slopes (Between 1V:3H and 1V:4H)

Slopes between 1V:3H and 1V:4H are considered non-recoverable. While a vehicle is unlikely to overturn on such

a slope, the driver will typically be unable to steer back to the roadway; the vehicle will instead continue to the

bottom of the slope. Therefore, a clear zone cannot "end" on a non-recoverable slope. A clear runout area must be

provided at the toe of the slope.

3.3 Non-Traversable Slopes (Steeper than 1V:3H)

Slopes steeper than 1V:3H are considered critical. Vehicles entering such slopes are at a high risk of overturning.

These areas usually require shielding with a roadside barrier if they fall within the calculated clear zone.

4. Roadside Barrier Systems and Hardware

When a hazard cannot be removed or relocated, a barrier system is implemented. The 4th Edition of the RDG

provides updated guidance on the selection and placement of these systems.

4.1 Comparative Analysis of Barrier Types



Barrier Category Common Types Flexibility / 
Deflection

Maintenance Needs Impact Severity

Flexible Systems Cable Barrier, High-
Tension Cable

High (up to 3.5m) High (requires re-
tensioning)

Low (most forgiving)

Semi-Rigid Systems W-Beam Guardrail, 
Box Beam

Moderate (0.6m - 
1.5m)

Moderate Moderate

Rigid Systems Concrete Jersey 
Barrier, F-Shape

Negligible (0 - 0.1m) Low High

4.2 Length of Need (LON) Calculation

The Length of Need is the total length of a longitudinal barrier required to shield a hazard effectively. Calculating 

the LON requires an understanding of the Runout Length ($L_R$) and the Lateral Distance to the Hazard 

($L_H$).

The standard formula for the LON ($X$) for a barrier parallel to the roadway is:

$X = \frac{L_H + (b/a)(L_1) - L_2}{(b/a) + (L_H/L_R)}$

Where:

•  $L_H$ = Distance from the edge of the traveled way to the back of the hazard.

•  $L_R$ = Runout length (distance from the hazard to where a vehicle leaves the road).

•  $a/b$ = Flare rate of the barrier (if applicable).

•  $L_1$ = Tangent length of the barrier.

•  $L_2$ = Lateral distance from the edge of the traveled way to the barrier.

5. Case Study: Clear Zone Determination for a Rural Collector

To illustrate the practical application of the RDG 4th Edition, consider a real-world design scenario based on the

parameters provided in the FHWA technical memorandum.

5.1 Given Parameters

•  Average Daily Traffic (ADT): 650 vpd

•  Design Speed: 100 km/h (approx. 60 mph)

•  Embankment Slope: 1V:6H (Recoverable)

•  Horizontal Curvature: 450 m radius

5.2 Step-by-Step Procedure

1.  Step 1: Determine Base Clear Zone: Consulting Table 3-1 of the RDG, for a speed of 100 km/h and ADT of 

650, the suggested clear zone range is 5.0 to 5.5 meters. To prioritize safety, the designer selects 5.5 m.

2.  Step 2: Apply Curvature Adjustment: For a 450 m radius, Table 3-2 provides a curvature adjustment factor 

($K_{cz}$) of 1.4.

3.  Step 3: Calculate Adjusted Clear Zone: $5.5 \text{ m} \times 1.4 = 7.7 \text{ m}$.

4.  Step 4: Evaluate Slope Compatibility: Since the 1V:6H slope is recoverable, the 7.7 m clear zone can be 

measured directly from the edge of the traveled way across the slope. If a fixed object (e.g., a large tree or utility 

pole) exists at 6.0 m, it must be removed or shielded, as it falls within the 7.7 m requirement.

6. Median Safety and Cable Barrier Applications



The 4th Edition of the RDG placed significant emphasis on Median Safetyto prevent cross-median crashes

(CMC). CMCs are often the most severe crash types on divided highways due to high closing speeds.

6.1 Cable Barrier Advantages

High-tension cable barriers have become the preferred solution for median shielding on existing narrow medians.

Key technical benefits include:

•  Lower Deceleration Forces: The flexibility of the cables absorbs energy more gradually than steel or concrete.

•  Visibility: Open design minimizes snow drifting and improves sight distance.

•  Cost-Effectiveness: Lower initial installation cost compared to concrete barriers.

6.2 Placement Constraints

Cable barriers must be placed carefully relative to slopes. If placed on a slope steeper than 1V:6H, the vehicle may

"underride" or "override" the cables due to the suspension compression or expansion during the off-road trajectory.

The RDG 4th Edition provides specific lateral offset requirements to ensure the vehicle strikes the cable at the

appropriate height.

7. Breakaway Hardware and Utility Pole Management

For hazards like signs and luminaires that must remain within the clear zone, breakaway supports are mandated.

These devices are designed to yield or fracture upon impact, limiting the change in vehicle velocity ($9EbB• to a

maximum of 5 meters per second, as per NCHRP Report 350 or MASH testing criteria.

7.1 Types of Breakaway Mechanisms

•  Slip Bases: Two plates bolted together that slide apart upon impact.

•  Frangible Bases: Cast aluminum bases designed to shatter.

•  Hinge Mechanisms: Used for large sign supports to allow the post to swing upward.

8. Implementation Challenges and Operational Solutions

While the RDG provides a robust theoretical framework, field implementation often encounters constraints.

Engineers must balance safety with environmental, right-of-way, and budgetary limitations.

8.1 Common Failure Modes in Roadside Design

•  Improper Guardrail Terminal Installation: Terminals (end treatments) are the most critical part of a barrier. If 

not installed with the correct offset or soil tubes, they can spear or vault the vehicle.

•  Ignoring Errata: As noted in the 2012 errata for the 4th Edition, certain formulas and tables were updated 

shortly after publication. Failure to use the most recent corrected data can lead to undersized clear zones.

•  Site-Specific Variations: Standard drawings often fail to account for unique drainage features or varying soil 

conditions, which can affect the dynamic deflection of barriers.

8.2 Troubleshooting Checklist for Designers

1.  Verify that the ADT used for the clear zone calculation reflects the 20-year projected volume, not just current 

volume.

2.  Check for "hidden" hazards within the clear zone, such as culvert headwalls or non-breakaway small sign 

supports.

3.  Ensure that the barrier "Length of Need" covers the hazard for both directions of travel on undivided roads.

4.  Confirm that the chosen barrier system has been tested to the appropriate Performance Level (TL-3, TL-4, 

etc.) for the site's speed and vehicle mix.



9. Evolution of Standards: NCHRP 350 to MASH

A critical context for the 4th Edition of the RDG is the transition from NCHRP Report 350 to the Manual for 

Assessing Safety Hardware (MASH). While the 2011 RDG references NCHRP 350, subsequent FHWA memos

have mandated MASH compliance for all new installations on the National Highway System (NHS).

MASH testing uses heavier design vehicles (such as the 2270P pickup truck) to reflect the increasing size of the

modern vehicle fleet. Engineers using the 4th Edition must ensure that the hardware selected is currently MASH-

compliant, despite the guide's historical references to older testing regimes.

Technical Summary and Future Implications

The AASHTO Roadside Design Guide, 4th Edition, remains a cornerstone of transportation engineering. By

focusing on the physics of vehicular departure and the mechanics of impact, it provides a data-driven methodology

for reducing highway fatalities. The integration of dual units (Metric and U.S. Customary) ensures its utility across

diverse jurisdictions, while its emphasis on the "Length of Need" and "Clear Zone" adjustments provides a granular

approach to site-specific safety.

As we move toward an era of autonomous vehicles and smart infrastructure, the principles of the RDG will evolve.

However, the fundamental need for a stable, traversable recovery area—the clear zone—will remain the most

effective strategy for roadside safety. Designers must continue to apply these standards with a rigorous

commitment to technical accuracy, ensuring that every kilometer of roadway is engineered for the inevitable reality

of human error.
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