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The sustainability of modern transportation infrastructure relies heavily on the systematic application of engineering 

principles to preserve existing assets. The American Association of State Highway and Transportation Officials 

(AASHTO) provides the definitive framework for these activities through its Maintenance Manual for Roadways 

and Bridges. This guide, particularly the 4th edition (2007) and subsequent revisions, serves as the primary

technical resource for engineers, maintenance managers, and field technicians tasked with ensuring the safety,

longevity, and efficiency of the national highway system.

The AASHTO Framework for Maintenance Management

At the core of effective infrastructure preservation is a robust Maintenance Management System (MMS). As 

outlined in the AASHTO Maintenance Manual, maintenance is categorized into distinct operational levels to 

facilitate better resource allocation and technical focus. The manual, authored by Kenneth A. Brewer under the 

National Cooperative Highway Research Program (NCHRP) Project SP20-07, emphasizes a tripartite structure of 

management: General Maintenance Management, Roadway Maintenance and Management, and Bridge 

Maintenance and Management.

The 2007 revision was specifically designed to bridge the gap for professionals early in their careers, providing a

granular look at the various processes, methods, and materials used in the field. It represents a synthesis of recent

highway transportation literature and extensive field interviews, ensuring that theoretical standards meet practical

field realities.

The Objectives of Technical Maintenance

Maintenance is not merely a reactive process but a proactive engineering discipline with four primary objectives:

•  Safety: Identifying and mitigating hazards that could lead to vehicular accidents or structural failures.

•  Durability: Protecting structural components from environmental degradation, such as corrosion and fatigue.

•  Economy: Optimizing the life-cycle cost of assets by performing timely, cost-effective interventions rather than 

waiting for catastrophic failure.

•  Serviceability: Ensuring the roadway provides a smooth, reliable experience for the traveling public.

Core Mechanics of Roadway Maintenance and Management

Roadway maintenance encompasses the traveled way, shoulders, and the immediate roadside environment. The 

AASHTO Roadside Design Guideand the Maintenance Manual provide the technical specifications for these

components.

Pavement Maintenance and Preservation

Pavement degradation is a multi-factorial process influenced by traffic loading, environmental conditions, and 

material properties. AASHTO standards emphasize the importance of Pavement Preservation, which focuses on

extending the life of the pavement before structural failure occurs. Key activities include:

•  Crack Sealing and Filling: Utilizing specialized bituminous materials to prevent water infiltration into the base 



and sub-base layers.

•  Surface Treatments: The application of chip seals, slurry seals, or microsurfacing to restore skid resistance 

and seal the surface from oxidation.

•  Patching: Correcting localized distresses like potholes or spalling using cold or hot-mix asphalt, following strict 

compaction and temperature guidelines.

Drainage Systems and Hydraulics

Water is the single greatest enemy of roadway longevity. AASHTO technical workflows prioritize the maintenance of

hydraulic structures. This includes the cleaning of culverts, the reshaping of ditches to maintain designed flow

gradients, and the inspection of subsurface drainage pipes. Inadequate drainage leads to sub-base saturation,

which drastically reduces the load-bearing capacity of the pavement, leading to rapid fatigue cracking (alligator

cracking).

Roadside Safety and Hardware

The Roadside Design Guide integrates with maintenance standards to ensure that safety hardware remains 

crashworthy. This involves the application of the Manual for Assessing Safety Hardware (MASH)standards.

Maintenance teams must ensure that guardrails, bridge rails, and impact attenuators are installed at the correct

height and that all structural bolts and foundations are free from corrosion or impact damage.

Bridge Maintenance and Management: Structural Integrity

Bridge maintenance is significantly more complex due to the critical nature of structural failure. The Manual for 

Bridge Evaluation (MBE), first adopted in 2005 and refined through its third edition in 2017, provides the technical

basis for bridge condition assessment and maintenance scheduling.

Condition Evaluation and Load Rating

AASHTO utilizes a rigorous calibration process to adjust structural models based on field data. The Load and 

Resistance Factor Rating (LRFR)methodology is the current standard for evaluating bridge capacity. This

involves calculating the capacity of individual members (girders, piers, decks) using specific resistance factors that

account for material deterioration. Evaluation includes:

1.  Routine Inspection: Regularly scheduled visual inspections to identify obvious signs of distress.

2.  In-Depth Inspection: Detailed, close-proximity inspections often involving non-destructive testing (NDT) such 

as ultrasonic testing or ground-penetrating radar.

3.  Special Inspection: Targeted inspections following events such as floods, seismic activity, or heavy vehicle 

impacts.

Critical Bridge Maintenance Tasks

To ensure a "quality" bridge—defined as safe, durable, and economical—maintenance must focus on:

•  Deck Preservation: Washing the deck to remove chlorides (de-icing salts) and applying silane sealers to 

prevent chloride penetration into the reinforcement steel.

•  Joint Maintenance: Cleaning and repairing expansion joints to prevent water and debris from reaching the 

bearings and substructure.

•  Substructure Protection: Scour monitoring and the installation of riprap or other counter-measures to prevent 

erosion around bridge piers.

Technical Comparison: Maintenance vs. Rehabilitation



Understanding the distinction between these two categories is vital for budget planning and asset management.

The following table outlines the key differences according to AASHTO guidelines.



Feature Preventive Maintenance Routine Maintenance Rehabilitation

Primary Goal Extend service life Address immediate defects Restore structural integrity

Timing Proactive (early life) Reactive (continuous) End of service cycle

Structural Impact Low (surface only) Moderate (local repairs) High (structural upgrade)

Typical Activity Crack sealing, Seal coats Pothole repair, Litter 
removal

Deck replacement, 
Member strengthening

Cost Profile Low cost / High ROI Variable High cost / Necessary for 
safety

The Manual for Bridge Evaluation (MBE) and Calibration

The Manual for Bridge Evaluation introduced the concept of Calibration. This is a scientific process of adjusting

the resistance and load factors used in bridge rating to reflect the actual performance of the structure in the field.

Calibration ensures that bridges are not prematurely restricted (posted for load) if they are performing better than

theoretical models suggest, while also identifying bridges that are more vulnerable than they appear.

Reliability-Based Calibration Formula

While specific formulas vary by bridge type, the fundamental principle relies on the Reliability Index (;"•. The goal is

to ensure that the probability of the load (S) exceeding the resistance (R) is kept within a statistically acceptable

margin:

P(R < S) "d Target Failure Probability

Engineers use field data from MBE-compliant inspections to update the resistance variables in this calculation,

allowing for a more accurate assessment of the bridge\'s remaining service life.

Practical Implementation: A Field Guide for Maintenance Programs

Developing a maintenance program based on AASHTO 4th Edition standards requires a phased approach. Below

is a step-by-step implementation guide for municipal and state agencies.

Step 1: Inventory and Asset Identification

Before maintenance can begin, every asset must be cataloged. This includes roadway mileage, pavement type,

bridge spans, culvert locations, and safety hardware types. This data forms the backbone of the MMS.

Step 2: Condition Assessment and Data Collection

Utilize the Manual for Condition Evaluation of Bridges (now integrated into the MBE) to assign a numerical 

rating to each asset component. For roadways, this often involves the Pavement Condition Index (PCI).

Step 3: Prioritization and Resource Allocation

Maintenance should be prioritized based on a risk-based approach. Bridges with low redundancy or high traffic

volume take precedence. Roadways with high skid-resistance requirements (curves, intersections) are prioritized

for surface treatments.



Step 4: Execution and Material Selection

Select materials that meet AASHTO M-series(Materials) specifications. For example, ensuring that concrete for

bridge deck repair has the appropriate air-entrainment and water-cement ratio to resist freeze-thaw cycles.

Step 5: Quality Assurance and Feedback

Post-maintenance inspections verify that the work meets the standards. This data is fed back into the MMS to

refine future maintenance cycles and material selections.

Case Studies and Troubleshooting in Field Maintenance

Real-world maintenance often encounters challenges not fully detailed in general theory. Analyzing these failure

modes is essential for technical mastery.

Failure Mode: Early Delamination of Bridge Deck Overlays

Cause: Inadequate surface preparation or improper moisture levels in the substrate concrete during the application 

of a latex-modified concrete (LMC) overlay.Solution:Following AASHTO specifications for hydro-demolition or

sandblasting to ensure a surface profile of CSP 5-7. Using moisture meters to ensure the substrate is at a

Saturated Surface Dry (SSD) condition before application.

Failure Mode: Rapid Pavement Stripping

Cause: Poor asphalt mix design or lack of anti-strip additives when using certain aggregate types that have a high 

affinity for water.Solution: Conducting a Tensile Strength Ratio (TSR)test (AASHTO T 283) during the mix

design phase to evaluate moisture susceptibility. Implementing lime or liquid anti-strip treatments.

Safety Hardware and Crashworthiness Evaluation

Maintenance of the roadside is governed by the AASHTO Manual for Assessing Safety Hardware (MASH). A

critical aspect of maintenance is ensuring that safety devices are updated to current standards during rehabilitation

projects.

Standardization and Performance Comparisons

By standardizing crash tests (Test Levels TL-1 through TL-6), AASHTO allows designers to compare the safety

performance of different barrier types. Maintenance crews must be trained to recognize when an existing barrier no

longer meets the required Test Level due to changes in road usage or speed limits.



Test Level (TL) Vehicle Type Speed (km/h) Primary Application

TL-2 Light Trucks/Cars 70 Local streets, low speed

TL-3 Light Trucks/Cars 100 Highways, high speed

TL-4 Single Unit Truck 90 Interstates, bridge rails

TL-5 Tractor-Van Trailer 80 High-volume truck routes

Strategic Implications for Transportation Authorities

Adhering to the AASHTO Maintenance Manual for Roadways and Bridges is not just a matter of technical 

compliance; it is a strategic imperative for the fiscal health of transportation agencies. The National Cooperative 

Highway Research Program (NCHRP)has consistently demonstrated that every dollar spent on preventive

maintenance saves between four and ten dollars in future rehabilitation and reconstruction costs.

As infrastructure ages, the transition from "maintenance" to "management" becomes critical. This requires a shift 

from simple fix-on-fail practices to a data-driven approach where the Manual for Bridge Evaluation and Roadside 

Design Guideserve as the operational bibles. By integrating these standards, agencies can ensure that their

bridge and highway systems remain effective, resilient, and, above all, safe for the public.

The future of maintenance will likely involve the integration of more sophisticated sensors and AI-driven predictive

modeling, but the foundational engineering principles established by AASHTO—focusing on quality, safety, and

durability—will remain the essential standard for years to come. Professional engineers and maintenance

specialists must stay current with the AASHTO Publications Catalog to ensure they are applying the latest refined

methods in their daily work.
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