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Course Overview 

Bridges rarely fail on paper—they fail in the field. Across the United States, thousands of 
bridges are reaching or exceeding their original design life, demanding a new level of technical 
judgment from practicing engineers. Routine analysis is no longer enough; effective bridge 
management now requires professionals who can interpret field data, quantify deterioration, 
and apply modern design codes with precision. 

This course is designed specifically for civil and structural engineers practicing in the U.S. 
who are responsible for evaluating, rating, and rehabilitating existing bridges. It bridges the gap 
between theory and field performance by integrating AASHTO LRFD principles, load rating 
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methodology, and practical rehabilitation strategies into one coherent and actionable 
learning experience. 

Through step-by-step worked examples and real inspection case studies, participants learn 
how to translate field observations into sound engineering actions—covering corrosion, section 
loss, posting, strengthening, and retrofit methods using advanced materials such as CFRP and 
steel plating. 

What makes this course distinct is its field-oriented focus: every module connects analytical 
procedures with real-world bridge behavior, ensuring that engineers not only understand the 
specifications but can also apply them effectively in practice. 

Professional Insight: Competent bridge evaluation is not about memorizing equations—it’s 
about engineering judgment informed by data, codes, and experience. This course builds that 
link. 

By the end of this program, you will be able to evaluate, rate, and rehabilitate bridges using the 
same tools and methodologies applied by state DOTs and consulting firms nationwide—
gaining both professional confidence and practical expertise to make defensible, code-
compliant engineering decisions. 

Why Take This Course? 

Every day, engineers across the United States face the reality of an aging bridge network—
more than 40 percent of existing structures are now over fifty years old. Bridge owners and 
DOTs must make critical, data-driven decisions on whether to repair, strengthen, post, or 
replace aging assets while maintaining safety, serviceability, and fiscal responsibility. 

This course prepares you to meet that challenge with confidence. You’ll learn how to apply the 
latest AASHTO LRFD and MBE provisions directly to real bridge assessments, interpret 
field inspection data, and understand how professional software tools such as AASHTOWare 
BrR, CSiBridge, and Midas Civil are used in the evaluation and rating process. 

Rather than teaching software operation, this course focuses on engineering interpretation—
showing how inspection findings, deterioration data, and analytical results come together to 
form sound, defensible load ratings and rehabilitation decisions. 

Through detailed, step-by-step examples, you’ll examine realistic cases that mirror the 
challenges DOT engineers face in practice—section loss, corrosion, deck delamination, frozen 
bearings, and the complex judgment calls that follow each finding. 
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Whether you’re a practicing civil or structural engineer, a consultant supporting DOT 
programs, or a professional seeking to strengthen your bridge engineering judgment, this course 
delivers immediately applicable insights for evaluating, rehabilitating, and extending the 
service life of America’s bridge infrastructure. 

Learning Objectives  

 Upon successful completion of this course, participants will be able to: 

1. Demonstrate a solid understanding of bridge load-rating concepts and their role in 
infrastructure safety, asset management, and DOT regulatory compliance. 

2. Apply AASHTO LRFD and Manual for Bridge Evaluation (MBE) methodology to 
practical bridge assessments, including evaluation of load paths, resistance factors, and 
rating load combinations for HL-93, HS-20, and permit vehicles. 

3. Inspect and evaluate bridge elements through case studies—identifying and quantifying 
deterioration such as section loss, cracking, corrosion, deck delamination, and frozen or 
seized bearings—and convert these observations into model inputs. 

4. Analyze and interpret field and NDT data (e.g., GPR, half-cell potential, ultrasonic 
thickness) to quantify deficiencies and determine their effect on element and system 
capacity. 

5. Interpret and critically evaluate outputs from common bridge analysis and rating 
software (AASHTOWare BrR, CSiBridge, Midas Civil), using those outputs to 
compare “original / deteriorated / post-rehab” rating outcomes and to support 
engineering decisions. (Note: this course focuses on interpretation and workflow — not 
on software user-interface training.) 

6. Interpret rating outcomes within realistic contexts (e.g., RF shifting from >1.2 to <1.0) 
and determine, step-by-step, whether posting, repair, strengthening, or replacement is 
the appropriate action. 

7. Develop technically sound rehabilitation strategies (steel flange plating, CFRP 
strengthening, bearing replacement, deck overlays, column jacketing, etc.) and assess 
their quantified impact on rating factors and service life. 

8. Integrate inspection findings, analytical results, and rehabilitation strategies into 
defensible decision-making processes that balance safety, constructability, cost, and 
long-term performance. 

9. Plan and propose continuous monitoring and life-cycle management approaches, 
including post-rehab inspection regimes and sensor-based monitoring, to support long-
term bridge performance. 

10. Prepare and present professional evaluation reports, rating tables, and concise decision 
summaries suitable for DOT review and agency record-keeping. 

11. Exercise engineering judgment through case-based scenarios—prioritizing 
interventions, documenting assumptions, and justifying recommendations in accordance 
with AASHTO/FHWA guidance. 
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12. Solve detailed numerical examples—performing manual checks and following software 
workflows conceptually—to gain practical confidence in applying rating and 
rehabilitation methods in DOT projects. 

Intended Audience 

This course is intended for: 

• Civil and structural engineers involved in the inspection, evaluation, load rating, 
rehabilitation, and strengthening of existing bridges.  

• Professional Engineers responsible for bridge-safety evaluations, posting 
recommendations, permit-load reviews, and rehabilitation decisions.  

• Bridge engineers and consultants supporting state DOT and transportation-agency 
programs.  

• Engineers who interpret field-inspection findings, deterioration measurements, material-
test results, and non-destructive testing data.  

• Engineers using or reviewing results from AASHTOWare Bridge Rating, CSiBridge, 
Midas Civil, Bentley LEAP Bridge, and similar bridge-analysis software.  

• Engineers responsible for evaluating steel, reinforced concrete, prestressed concrete, 
and composite bridge systems.  

• Bridge-inspection and asset-management professionals coordinating maintenance, 
monitoring, repair, strengthening, and replacement priorities.  

• Engineers preparing bridge-evaluation reports, rating tables, rehabilitation 
recommendations, and technical submissions for agency review.  

• Transportation officials, technical reviewers, and project managers involved in bridge 
preservation and life-cycle management.  

• Engineers seeking a practical understanding of how inspection findings, analytical 
modeling, load ratings, and rehabilitation alternatives are integrated into defensible 
engineering decisions.  

Code and Reference Basis 

This course is primarily based on the bridge evaluation, load-rating, and rehabilitation 
principles contained in the AASHTO LRFD Bridge Design Specifications and the AASHTO 
Manual for Bridge Evaluation (MBE). These references provide the principal framework for 
evaluating structural capacity, applying load and resistance factors, interpreting rating results, 
assessing legal and permit vehicles, and determining when posting, repair, strengthening, or 
replacement should be considered. 

Supporting references include applicable guidance from the Federal Highway Administration 
(FHWA) and the National Cooperative Highway Research Program (NCHRP) addressing 
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bridge inspection, load-rating practices, load testing, structural evaluation, and transportation 
asset management. 

The course also references applicable standards and guidance for field investigation and 
material-condition assessment, including non-destructive testing, corrosion evaluation, section-
loss measurement, concrete deterioration, deck delamination, bearing performance, and 
monitoring of rehabilitated structures. 

Software applications discussed in the course include AASHTOWare Bridge Rating (BrR), 
CSiBridge, Midas Civil, and Bentley LEAP Bridge. The course emphasizes engineering 
workflow, model calibration, interpretation of analytical results, and comparison of original, 
deteriorated, and post-rehabilitation conditions rather than software-interface training.  

Additional supporting references identified in the course include FHWA bridge-inspection and 
load-testing guidance, NCHRP publications on load-rating practices, applicable ASTM 
material-testing standards, and relevant ACI and ASCE documents where concrete assessment, 
repair, deterioration, or structural rehabilitation principles are discussed.  

Because bridge load-rating procedures, legal-load requirements, permit-vehicle policies, 
posting criteria, inspection practices, and rehabilitation requirements may vary among 
transportation agencies, participants should verify the currently adopted AASHTO provisions, 
applicable interim revisions, FHWA requirements, state DOT manuals, project-specific criteria, 
and software versions before applying the course procedures to an actual bridge. 
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Chapter 1 - Introduction to Bridge Assessment 
 
 

 
 
 
1.1 Importance of Bridge Assessment 

Bridge assessment constitutes a fundamental responsibility of civil and structural engineers: 
ensuring the safety of the traveling public while preserving the longevity and functionality of 
the nation’s infrastructure. Every bridge, regardless of original design quality or construction 
methods, experiences aging, material deterioration, and load conditions that may exceed initial 
design assumptions. 

Systematic assessments allow engineers to answer critical questions: 

• What is the current structural condition of the bridge? 
• Can it safely carry present and anticipated traffic loads? 
• What intervention strategy is appropriate—maintenance, strengthening, or replacement? 

The importance of bridge assessments extends beyond structural integrity. Failures have 
significant human, economic, and operational consequences, making regular inspections 
and evaluations essential for public safety and infrastructure management. 
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1.2 Historical Background in the U.S. 

Prior to the late 1960s, bridge inspection practices in the United States were inconsistent and 
largely informal. The catastrophic collapse of the Silver Bridge in Point Pleasant, West 
Virginia (1967), which claimed 46 lives, demonstrated the consequences of inadequate 
oversight and highlighted the need for standardized evaluation procedures. 

In response, the National Bridge Inspection Standards (NBIS) were established, mandating 
periodic inspections for all public highway bridges. Over the subsequent decades, inspection 
and assessment methodologies have evolved significantly, incorporating: 

• AASHTO LRFD Bridge Design Specifications (10th Edition, 2020) 
• AASHTO Manual for Bridge Evaluation (3rd Edition, 2018) 
• Advanced inspection technologies, including UAVs, laser scanning, and non-

destructive testing techniques. 

These developments transformed bridge evaluation from primarily visual observation to a 
comprehensive, analytical, and data-driven discipline. 

 
1.3 Increasing Demands on Existing Bridges 

The pressures on the U.S. bridge network have increased substantially: 

• Aging Inventory: Over half of the nation’s bridges exceed 50 years of age and are 
approaching or have surpassed their original design service life. 

• Increased Loadings: Modern trucks frequently exceed the nominal design loads 
originally specified under HS20-44 standards. 

• Environmental Exposure: Extreme weather events—floods, hurricanes, heatwaves—
accelerate material deterioration and structural fatigue. 

• Professional Accountability: Engineers bear legal and ethical responsibility for all 
inspection findings, load ratings, and maintenance decisions. 

In practical terms, these factors require engineers to apply rigorous evaluation techniques, 
balance safety with budget constraints, and implement technically sound recommendations. 
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1.4 Bridge Assessment Process 

Bridge assessment typically involves a multi-stage process: 

1. Data Collection: Engineers review original design drawings, construction documents, 
and maintenance records. Historical information provides insight into structural 
configuration and previous interventions. 

2. Field Inspection: Detailed on-site inspections follow NBIS protocols and guidance 
from AASHTO MBE Section 3. Critical observations include corrosion, cracking, 
section loss, deformation, and alignment issues. Modern tools—such as UAVs, LiDAR, 
ultrasonic testing, and ground-penetrating radar—enhance accuracy and efficiency. 

3. Structural Analysis: Structural performance is evaluated according to AASHTO 
LRFD Bridge Design Specifications, 10th Edition, 2024.. Analytical models simulate 
load distribution, compute demand-to-capacity ratios, and identify potential failure 
mechanisms. Software platforms such as CSI Bridge and Midas Civil are commonly 
used. 

4. Load Rating: Load rating assesses whether the bridge can safely carry expected traffic. 
Engineers compare the bridge’s rated capacity against inventory and operating loads, 
referencing AASHTO MBE Sections 6 and 8. Recommendations may include posting 
weight limits or implementing strengthening measures. 

5. Decision-Making: Based on the findings, the engineer determines whether 
maintenance, rehabilitation, or replacement is warranted. Decisions balance safety, cost-
effectiveness, and projected service life. 

 
1.5 Stakeholders and Institutional Roles 

Bridge evaluation involves collaboration among multiple stakeholders: 

• Federal Highway Administration (FHWA): Establishes national inspection policies 
and technical guidance. 

• State Departments of Transportation (DOTs): Implement inspections, manage 
statewide programs, and enforce compliance with NBIS. 

• Consulting Engineers: Conduct structural analyses, design rehabilitations, and verify 
safety. 

• Public Users: Rely on engineers and agencies to ensure safe passage, emphasizing the 
societal importance of accurate assessments. 

 
1.6 Practical Field Challenges 

Engineers frequently encounter operational challenges in bridge assessment: 
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¯ Incomplete Documentation: Original drawings and material records may be missing 
or outdated. 

¯ Access Limitations: Critical elements, such as elevated girders or underwater 
foundations, may be difficult to inspect. 

¯ Budgetary Constraints: Funding limitations may restrict the scope of repairs or 
upgrades. 

¯ Environmental Effects: Corrosion, scour, and thermal expansion present ongoing risks 
to structural integrity. 

Addressing these challenges requires both technical expertise and professional judgment, 
integrating field observations with analytical results. 

 
1.7 Professional Consideration 

Effective bridge assessment depends not only on advanced analysis tools but also on the 
engineer’s ability to interpret field data, understand deterioration mechanisms, and exercise 
sound professional judgment. Decisions should always align with AASHTO LRFD, AASHTO 
MBE, and FHWA guidelines to ensure safety, durability, and regulatory compliance. 
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Chapter 2 – Modern AASHTO LRFD Standards 

 

 

2.1 Rationale for LRFD 

The introduction of Load and Resistance Factor Design (LRFD) in U.S. bridge engineering 
marked a significant shift from older ASD (Allowable Stress Design) and LFD (Load Factor 
Design) approaches. LRFD provides a unified reliability framework applicable to all materials 
and load types, addressing uncertainties inherent in both construction materials and applied 
loads, including traffic, wind, and environmental effects. 
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By integrating probabilistic considerations and reliability-based factors, LRFD ensures a more 
consistent and technically justified safety margin across the entire bridge system. This approach 
establishes a standardized methodology for design, evaluation, and rehabilitation, reducing 
ambiguity in decision-making. 

 
2.2 Core Principles of LRFD 

LRFD is founded on balancing factored resistance against factored loads: 

ϕRn ≥ ∑γiQi 

Where: 

• ϕ = resistance factor (accounts for material variability and construction quality) 
• Rn = nominal resistance 
• γi = load factor for each load type 
• Qi = nominal load 

The Reliability Index (β) ensures consistent structural reliability across different members and 
limit states. Unlike previous approaches that relied on uniform safety margins, LRFD applies 
load and resistance factors tailored to specific conditions, improving both safety and 
economy. 

 
2.3 Structure of the AASHTO LRFD Bridge Design Specifications 

The following major technical areas are addressed collectively through the AASHTO LRFD 
Bridge Design Specifications and the AASHTO Manual for Bridge Evaluation: 

1. Introduction and General Requirements – Scope, definitions, and general provisions. 
2. Loads and Load Combinations – Dead, live, environmental, and extreme event loads, 

and the prescribed combinations. 
3. Structural Analysis – Modeling procedures for load effects and member forces. 
4. Substructure and Foundations – Design of piers, abutments, and foundation systems. 
5. Superstructure Materials – Requirements for concrete, steel, and timber components. 
6. Limit States – Strength, service, fatigue, and extreme event limit states. 
7. Construction and Fabrication – Requirements for quality control and construction 

procedures. 
8. Bridge Evaluation and Load Rating – Guidelines for rating existing bridges and 

planning rehabilitation. 
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This organization ensures that engineers follow a systematic approach: determine loads, 
analyze structural response, select materials, design substructures and superstructures, evaluate 
limit states, and verify compliance through construction and post-construction assessment. 

 

2.4 Key Load Types in LRFD 

AASHTO LRFD identifies multiple load types that must be considered in bridge design and 
evaluation: 

¯ Dead Loads (DC, DW): Permanent components, including the bridge deck, structural 
elements, and pavement. 

¯ Live Loads (LL): Vehicular traffic, pedestrians, and movable loads that induce variable 
effects. 

¯ Environmental Loads: Wind, thermal effects, snow, and water forces. 
¯ Extreme Event Loads: Rare occurrences such as vehicular collisions, scour from 

floods, and seismic events. 

Engineers must consider combinations of these loads to ensure that the structure maintains 
integrity under all plausible scenarios. 

 
2.5 Limit States Philosophy 

LRFD evaluates structural performance through four primary limit states: 

1. Strength Limit State (SL): Ensures members can carry maximum expected loads 
without collapse. 

2. Service Limit State (SLS): Limits deflections, vibrations, and cracking to acceptable 
service criteria. 

3. Fatigue and Fracture Limit State (FLS): Addresses cumulative damage from 
repeated load cycles and material aging. 

4. Extreme Event Limit State (ELS): Evaluates performance under rare, high-impact 
events such as earthquakes, ship collisions, or floods. 

Each limit state ensures that the bridge remains safe, serviceable, and durable over its design 
life. 
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2.6 Integration with Bridge Evaluation 

Although the LRFD methodology was originally developed for the design of new bridges, it 
has become an essential framework for load rating, evaluation, and rehabilitation activities. In 
modern practice, bridge load ratings are routinely benchmarked against LRFD provisions 
through specialized software such as AASHTOWare BrR, Midas Civil, and CSiBridge, 
ensuring that analytical results remain consistent with nationally recognized design criteria. 

Rehabilitation strategies are likewise assessed within the LRFD limit-state philosophy to verify 
that proposed interventions restore or enhance capacity without violating serviceability or 
strength requirements. This integration provides a common technical language that enables 
engineers, reviewers, and agency officials to communicate effectively across the design, 
evaluation, and rating disciplines—creating continuity between theoretical design intent and 
field performance throughout the bridge’s service life. 

Engineering Judgment: 
A unified LRFD-based approach strengthens coordination among design, rating, and 
maintenance teams, ensuring that rehabilitation decisions are both technically sound and 
traceable within a consistent national framework. 

 

2.7 Advantages of LRFD over Legacy Methods 

The LRFD methodology offers several key advantages over traditional allowable stress or 
working stress approaches. By providing a unified framework, LRFD applies consistently 
across all common construction materials, including steel, concrete, and composites, ensuring 
coherent design and evaluation practices. Its reliability-based approach introduces statistically 
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justified load and resistance factors, replacing the uniform safety margins of legacy methods 
with a more precise measure of structural reliability. 

LRFD is also inherently adaptable to emerging materials and innovative construction 
techniques, such as fiber-reinforced polymers (FRP) or ultra-high performance concrete 
(UHPC), without necessitating a complete overhaul of the methodology. This flexibility allows 
engineers to incorporate new technologies while maintaining the integrity of the design 
framework. 

Furthermore, LRFD promotes economic efficiency by optimizing material usage without 
compromising safety, allowing for cost-effective yet reliable structures that meet modern 
performance expectations. Incorporating these principles consistently into practice ensures that 
engineers make informed, defensible decisions while achieving optimal performance and 
safety. 

 

2.8 Practical Implications for Today’s Engineers 

Applying the LRFD methodology in design, evaluation, or rehabilitation provides engineers 
with a consistent framework that is widely recognized by state DOTs and the FHWA, ensuring 
compliance with federal funding requirements. Integration with modern analysis software 
allows for accurate load rating and limit-state verification, enabling engineers to base their 
decisions on precise, up-to-date structural models. 

In the context of existing bridge rehabilitation, LRFD facilitates improved decision-making by 
balancing safety considerations with economic efficiency and optimized material usage. By 
providing a standardized, reliability-based approach, LRFD has become the industry 
benchmark, forming the foundation of contemporary bridge engineering practice across the 
United States. 

 

2.9 Practical Application for Engineers 

Engineers must exercise caution and avoid relying solely on software outputs when applying 
the LRFD methodology. Effective implementation requires a thorough understanding of the 
underlying reliability principles and limit states, combined with careful interpretation of 
inspection and testing data within the LRFD framework. Analytical results must be reconciled 
with field conditions, material variability, and construction constraints to produce decisions that 
are both technically sound and practically feasible. 
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Adherence to the AASHTO LRFD Bridge Design Specifications, AASHTO Manual for 
Bridge Evaluation, and FHWA guidelines ensures that bridge evaluation, load rating, and 
rehabilitation activities maintain structural safety and durability throughout the bridge’s service 
life. Integrating these principles into daily practice allows engineers to make well-informed, 
defensible decisions that uphold both public safety and infrastructure performance. 
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Chapter 3- Evaluation of Bridge Elements 
 

Bridge evaluation constitutes a critical phase in bridge engineering, forming the foundation for 
informed maintenance, rehabilitation, and load rating decisions. The objective of this chapter is 
to provide engineers with the skills to observe, quantify, and interpret bridge conditions, 
translating field data into actionable engineering judgments. 

 

3.1 Importance of Evaluation 

Evaluation extends beyond routine inspection. While inspections identify visible defects, 
evaluation determines their significance, structural implications, and potential consequences. 
For example, a crack in a concrete deck may be superficial, or it may indicate significant loss 
of capacity. Evaluation integrates field observations with engineering analysis, enabling 
reliable decisions on whether maintenance, strengthening, or replacement is necessary. This 
process transforms raw observations into professional judgment that informs both short-term 
and long-term management strategies. 

Professional Consideration: Accurate evaluation is critical to bridge safety and longevity. 
Engineers should document observations comprehensively and correlate them with structural 
analysis to ensure sound recommendations. 

 

3.2 Common Deterioration Patterns by Element 

Understanding typical deterioration mechanisms is essential for prioritizing inspections and 
designing mitigation strategies. Key patterns include: 

• Decks (concrete or asphalt): Cracking, spalling, delamination, and chloride-induced 
corrosion of reinforcement. Early identification allows targeted patching and overlay 
strategies. 

• Girders and beams, whether steel or concrete, are often affected by section loss, fatigue 
cracks, corrosion of connections, and local buckling, particularly in older structures. 
Engineers seeking a more in-depth understanding of corrosion effects in concrete-
reinforced steel can refer to the specialized course “Corrosion of Steel Reinforcement 
of Concrete Structures in the U.S. Coastal Environments” authored by Prof. Dr. 
Ibrahim M. Metwally, Ph.D., P.E., which provides comprehensive guidance and 
practical insights on the subject. 
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• Fracture-critical members: These elements require heightened attention, as failure can 
result in partial or total bridge collapse. 

• Bearings and expansion joints: Common issues include frozen or restrained bearings, 
blocked expansion joints, and water leakage, all of which can compromise structural 
performance. 

• Piers and abutments: Settlement, tilting, shear cracking, and scour at foundations are 
critical factors influencing stability. 

• Foundations: Soil erosion, scour, and pile exposure threaten load transfer and 
structural integrity. 

• Approaches and railings: Damage from vehicular impact, settlement, and wear can 
affect safety and serviceability. 

Recognizing patterns across elements allows engineers to predict deterioration progression 
and prioritize interventions. Deterioration seldom occurs in isolation; it often propagates 
across multiple components, which necessitates a holistic evaluation approach to ensure 
accurate assessment and effective rehabilitation planning. 

 

3.3 Field Inspection Techniques 

Field evaluation combines systematic observation with technical measurements. Engineers 
typically begin with a thorough visual assessment, recording defects and mapping their 
locations. Physical testing such as hammer sounding, chain dragging, or tactile examination 
complements visual inspections. Accessing difficult locations may require under-bridge 
inspection units, rope access, drones, or remotely operated vehicles (ROVs) in aquatic 
environments. 

Comprehensive documentation—including photographs, sketches, and geospatial tagging—is 
essential. Without detailed records, critical data may be lost, limiting the reliability of 
subsequent analysis. 

Professional Consideration: Detailed field documentation ensures traceability, supports load 
rating, and reduces liability in case of structural performance issues. 

 

3.4 Non-Destructive Testing (NDT) and Material Testing 

Non-destructive testing methods provide critical insights into hidden defects and material 
properties within bridge elements. Techniques such as Ground Penetrating Radar (GPR) 
allow engineers to locate reinforcement and map delaminations, while half-cell potential 
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measurements assess corrosion risk in reinforced concrete. Ultrasonic and impact echo tests 
detect internal voids and cracks, and rebound hammer or core testing evaluate compressive 
strength. For steel elements, ultrasonic thickness measurements determine remaining section, 
and crack detection methods, including dye-penetrant or magnetic particle testing, identify 
fatigue or fracture-critical cracks. 

The selection of appropriate testing methods depends on the element type, anticipated 
deterioration mechanisms, and project objectives. Combining multiple NDT techniques 
improves accuracy and optimizes resource allocation, providing a more complete 
understanding of structural condition. Results from NDT should always be interpreted in 
conjunction with visual inspections to ensure a comprehensive assessment of structural health. 
Engineers seeking a deeper understanding of corrosion effects in reinforced concrete structures, 
particularly in coastal environments, can refer to the specialized course “Corrosion of Steel 
Reinforcement of Concrete Structures in the U.S. Coastal Environments” authored by 
Prof. Dr. Ibrahim M. Metwally, Ph.D., P.E., which offers detailed guidance and practical 
insights. 

 

3.5 Converting Field Data into Load Rating Inputs 

Field data must be carefully translated into quantifiable inputs for structural analysis and load 
rating. This process includes measuring section loss, crack width, delamination extent, and 
other material properties, and then updating software models accordingly. For example, a steel 
girder flange exhibiting 15% section loss over a one-meter length requires adjustment of its 
cross-sectional properties in load rating programs such as CSiBridge or AASHTOWare BrR. 
Accurate conversion of field observations into analytical models is essential to ensure reliable 
load rating results and to guide effective rehabilitation strategies. 

 

3.6 Assigning Condition States and Ratings 

Bridge components are categorized using condition states based on observed and quantified 
deterioration. Condition State 1 represents excellent components with minimal or no signs of 
distress. Condition State 2 indicates minor deterioration that should be monitored during 
routine inspections. Condition State 3 reflects moderate deterioration requiring maintenance or 
repair, while Condition State 4 identifies severe deterioration that demands immediate 
intervention or replacement. Assigning condition states in this manner provides a structured 
framework for prioritizing rehabilitation activities and optimizing resource allocation, while 
ensuring transparent communication with stakeholders and supporting effective long-term asset 
management. 
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3.7 From Evaluation to Decision-Making 

Evaluation results provide the foundation for selecting appropriate interventions. Minor deck 
cracking may be addressed through sealing or localized repair, while bearings exhibiting 
restricted movement often require lubrication or replacement. Pier settlement or cracking can 
necessitate underpinning or structural reinforcement, and section loss in girders may be 
mitigated through FRP wrapping, steel plating, or partial replacement. Translating inspection 
and evaluation findings into actionable engineering decisions requires careful integration of 
field observations, analytical modeling, and risk assessment to achieve optimal safety and cost 
efficiency. 

 

3.8 Reporting and Communication 

Evaluation reports serve as formal documentation to support engineering decisions and manage 
professional liability. Reports should clearly present critical findings and recommended actions, 
beginning with a concise executive summary. Detailed tables summarizing defects, 
measurements, and assigned condition states help organize the data, while photographic 
evidence and annotated sketches or maps provide visual context. Test results should be 
communicated clearly, avoiding unnecessary technical jargon, and specific, time-bound 
recommendations for maintenance, rehabilitation, or replacement must be included. Clear and 
structured reporting ensures that stakeholders understand the assessment outcomes and 
facilitates timely approval and implementation of recommended interventions. 

 
3.9 Practical Exercises in This Chapter 
 
This section transforms the chapter from “lecture” to “practice.” The goal is that every 
participant leaves not just knowing what to look for, but having done it themselves in a 
structured way. 

Exercise 1 – Hands-On Defect Detection (Concrete Decks) 

• Setup: A 6 in. (150 mm) thick reinforced concrete slab, 12 ft × 8 ft (3.6 m × 2.4 m). 
• Observed defects: 

o Cracks: longitudinal crack, 0.35 mm wide, 2.5 m long. 
o Spall: 0.5 ft² area, exposing #5 rebar with 10% section loss. 
o Delamination (chain drag): 18% of deck area (≈ 17 ft²). 

• Task for participants: 
o Map defects to a condition sketch. 
o Assign condition rating (likely Condition State 3). 
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o Estimate whether deck is still serviceable or requires partial patching. 

Exercise 2 – NDT Tool Demonstration and Data Interpretation 

• GPR Scan: Indicates delamination at depth 2 in. below surface, covering 3 ft × 4 ft 
area. 

• Half-cell potential readings (mV vs. Cu/CuSO₄): 
o -180 mV (low probability of corrosion). 
o -310 mV (high probability of active corrosion). 
o -360 mV (confirmed corrosion risk). 

• Ultrasonic Thickness (steel girder flange): 
o Original thickness = 0.75 in. 
o Measured = 0.66 in. → 12% section loss. 

• Task: 
o Identify which readings exceed thresholds (>-350 mV). 
o Decide which areas need rehab priority. 

Exercise 3 – Case Study Bridge Evaluation (Paper/Virtual) 

• Bridge: 3-span steel I-girder bridge, span length = 90 ft each. 
• Data provided: 

o Deck: cracks ~0.4 mm wide, spalling at 10 locations totaling 5 ft². 
o Girder flange corrosion: 

§ Location: Span 2, bottom flange. 
§ Original thickness = 1.0 in. 
§ Measured thickness = 0.82 in. → 18% loss over 4 ft length. 

o Bearing: one frozen rocker bearing (no movement observed under thermal 
expansion). 

o Pier: vertical crack, 1.5 mm wide, 5 ft long. 
• Task: 

o Assign condition states: Deck = CS3, Girder = CS3, Bearing = CS4, Pier = CS2. 
o Estimate reduction in girder section modulus (≈ 15–20%). 
o Prioritize rehab actions (bearing replacement first). 

Exercise 4 – Linking Field Data to Software Input 

• Case: Girder bottom flange with section loss. 
• Original section: W36×150 (AISC steel section). 

o Bottom flange: 12.0 in. wide × 1.0 in. thick. 
o Section modulus (Sx) = 833 in³. 

• After corrosion: thickness reduced to 0.82 in. → flange area = 12 × 0.82 = 9.84 in² vs. 
original 12 in². 
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o Loss = 18%. 
o Adjusted section modulus ≈ 683 in³. 

• Software task: 
o Input modified properties in CSiBridge. 
o Run HL-93 load rating. 
o Results: 

§ Original RF = 1.25 (OK). 
§ After loss: RF = 0.95 (below 1.0 → posting required). 

• Deliverable: Participants report the change and implications (bridge may require load 
posting). 

Exercise 5 – Reporting and Presentation 

• Group task: Prepare a mini-report from the case study. 
• Required contents with sample numbers: 

1. Executive Summary: 
§ Deck: CS3 (18% delamination). 
§ Girder: CS3 (18% flange loss). 
§ Bearing: CS4 (frozen). 
§ Pier: CS2 (minor cracking). 
§ Load Rating Factor: 0.95 → requires posting. 

2. Table of Defects: 

Element Defect Measurement Condition 
State Recommendation 

Deck Crack + delamination 0.35 mm, 18% area 3 Patch + overlay 
Girder Corrosion (flange) 18% loss (0.82 in.) 3 Strengthen/plate or FRP 
Bearing Frozen rocker No movement 4 Replace immediately 
Pier Vertical crack 1.5 mm × 5 ft 2 Monitor + seal 

3. Recommendation: Replace frozen bearing within 6 months, post bridge to legal 
trucks only, schedule girder strengthening within 1–2 years. 

4. Presentation: Each team gives a 5-min summary to simulate briefing a DOT 
client. 

Professional Consideration: Structured practical exercises reinforce the connection between 
field observations, analytical modeling, and rehabilitation decisions, enhancing both 
competence and confidence in real-world bridge evaluation. 
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Chapter 4- Analysis Using Modern Software 

This chapter bridges the gap between field observations and digital modeling, transforming raw 
inspection data into actionable structural assessments. By now, you have identified 
deterioration patterns, quantified section losses, and collected concrete and steel properties. The 
objective is to create a realistic structural model that reflects the current capacity of the bridge, 
rather than relying solely on original design assumptions. 

 

4.1 Why Software is Essential in Bridge Rating 

Modern bridges, particularly those in service for several decades, are too complex to analyze 
accurately using hand calculations alone. The combination of AASHTO LRFD load cases, 
distribution factors, and resistance considerations makes manual computations impractical. 
Engineering software plays a critical role by enabling accurate modeling of complex 
geometries, multi-span bridges, and irregular load paths. It also allows engineers to account for 
deterioration effects such as section loss, corrosion, cracking, and delamination, and to perform 
rigorous LRFD analyses to compute rating factors for HL-93, legal, or permit loads. Software 
further facilitates evaluation of “what-if” rehabilitation strategies without committing to 
construction costs. 

Despite these capabilities, the engineer’s judgment remains essential. Field data must be 
interpreted carefully to determine which parameters meaningfully affect structural 
performance, ensuring that software results translate into safe and effective engineering 
decisions. 

 

4.2 Commonly Used Software Packages 

The bridge engineering industry predominantly uses the following software tools: 

• AASHTOWare Bridge Rating (BrR): Standard for load rating and posting decisions; 
widely adopted by DOTs. 

• CSiBridge: Suitable for complex bridge geometries, non-linear behavior, staged 
construction, and rehabilitation planning. 

• Midas Civil: Offers robust visualization and advanced analysis capabilities, suitable for 
rating and rehab studies. 

• Bentley LEAP Bridge Steel/Concrete: Effective for design verification and quick 
rating checks. 
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It is important to understand workflow logic rather than memorizing software interfaces, which 
change frequently. 

 

4.3 Workflow: From Field Data to Structural Model 

The typical workflow includes: 

1. Gather As-Built Drawings: Incorporate all available original design documents. 
2. Update Inspection Data: Include section losses, material strengths from core tests, and 

bearing conditions. For example, a steel flange originally 25.4 mm thick may have 
deteriorated to 20.8 mm; concrete cores may reveal compressive strength reduced from 
28 MPa to 22 MPa. Bearings may have become restrained or frozen, changing boundary 
conditions. 

3. Model Geometry and Materials: Update software with revised dimensions, supports, 
and material properties. 

4. Apply Load Cases: Include HL-93 trucks, permit vehicles, and any fatigue or special 
loads. 

5. Run Analysis and Evaluate Results: Check demand-to-capacity ratios, flexural and 
shear responses, and load rating factors. 

Professional Consideration: Prioritize modeling the parameters that influence results 
significantly; updating every minor detail can obscure critical insights and unnecessarily 
complicate the analysis. 

 
4.4 Example – Steel Girder Bridge in CSiBridge 

Bridge Description: 

• 3-span continuous steel I-girder bridge. 
• Each span = 90 ft. 
• Girder spacing = 9 ft, 5 girders total. 
• Deck = 8 in. concrete slab. 

Original Section (Flange + Web): 

• Flange thickness = 1.0 in. 
• Section modulus (Sx) = 833 in³. 
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Observed Deterioration (Inspection Report): 

• Section loss in bottom flange = 0.18 in. (pitting + corrosion). 
• Effective flange thickness = 0.82 in. 
• New section modulus (Sx) = 683 in³. 

Software Modeling Steps: 

1. Input updated section properties in CSiBridge. 
2. Assign HL-93 design truck + lane load. 
3. Run flexural analysis at midspan. 

Results (Moment at Midspan = 6,000 kip-ft): 

• Capacity (Mn): 
o Original = Fy × Sx = (50 ksi × 833 in³) = 41,650 kip-in = 3,470 kip-ft. 
o With section loss = 50 × 683 = 34,150 kip-in = 2,845 kip-ft. 

• Rating Factor (RF): 
o RF = (Capacity / Demand) × (ϕ / γ). 
o With factors → 

§ Original RF ≈ 1.25. 
§ After section loss RF ≈ 0.95. 

Decision: 

• Since RF < 1.0 → requires load posting until strengthening (e.g., flange plating). 
• Engineers can simulate plating 0.25 in. steel → restores Sx to 830 in³ → RF ≈ 1.20. 

4.5 Example – Concrete Slab Bridge in AASHTOWare BrR 

Bridge Description: 

• Single-span, 40 ft reinforced concrete slab. 
• Slab thickness = 18 in. 
• Width = 28 ft (two lanes). 

Design Properties: 

• f’c = 4 ksi, rebar = Grade 60. 
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Inspection Findings: 

• Core tests = 3.1 ksi average (22% reduction). 
• 10% area delamination in top reinforcement zone. 

Software Steps in BrR: 

1. Update material strength = 3.1 ksi. 
2. Model live load = HS-20 truck. 
3. Apply AASHTO load factors. 

Results: 

• Inventory RF = 0.82 (below 1.0 → not acceptable for normal legal loads). 
• Operating RF = 1.05 (borderline safe under controlled conditions). 

Decision: 

• Post bridge for 20-ton trucks. 
• Rehab options: add CFRP strips or bonded steel plates. 
• Re-run in BrR with CFRP = effective flexural capacity ↑ by 20% → Inventory RF = 

1.02. 

 
4.6 Advanced Analysis – Skewed Bridge in Midas Civil 

Bridge Description: 

• 2-span prestressed girder bridge, 70 ft spans. 
• Skew angle = 35°. 
• Deck = 7.5 in. concrete. 

Issue: 

• Default AASHTO distribution factors in BrR underestimate effects of skew. 

Software Steps in Midas Civil: 

1. Build 3D finite element model with skewed geometry. 
2. Apply HL-93 truck at various lateral offsets. 
3. Compare with AASHTO default DF = 0.35. 
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Results: 

• Software shows interior girder actually carries 40% of live load. 
• Demand increases by ~15% compared to AASHTO default. 
• Rating Factor drops from 1.12 → 0.96. 

Decision: 

• DOT requires posting because skew effects are significant. 
• Suggest adding diaphragms or cross-frames to redistribute. 

 
4.7 “What-If” Rehabilitation Scenarios in CSiBridge 

Case: Steel Girder, 120 ft span 

• Current RF = 0.88 (posted). 
• Three rehab options modeled: 

1. Bearing Replacement 
o Frozen rocker → fixed support. 
o Replace with sliding bearing. 
o Effect: secondary stresses ↓ by 10%. 
o RF = 0.95. 

2. Flange Plating 
o Add 0.5 in. steel plate × 18 in. wide. 
o Section modulus ↑ 25%. 
o RF = 1.20. 

3. FRP Strengthening 
o Bond CFRP laminates to bottom flange. 
o Adds ~15% flexural capacity. 
o RF = 1.05. 

DOT Decision: 

• Flange plating chosen for longevity. 
• Software clearly shows cost/benefit trade-offs. 
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4.8 Exercise – Mini Project with Software 

Bridge Data (given to participants): 

• 2-span continuous steel girder. Each span = 80 ft. 
• Original RF = 1.20. 

Inspection Updates: 

• Bottom flange corrosion = 18% section loss. 
• One rocker bearing frozen. 
• Deck delamination = reduces stiffness by 10%. 

Software Simulation Steps: 

1. Update flange section modulus. 
2. Change one bearing to fixed. 
3. Reduce deck stiffness in properties. 
4. Re-run HL-93 truck loading. 

Results: 

• RF drops to 0.92. 

Proposed Rehab: 

• Bearing replaced with elastomeric pad. 
• 3/8 in. flange plate welded. 
• Deck replaced with 8 in. HPC slab. 

Results after Rehab: 

• RF = 1.15. 

Deliverable for Participants: 

• Submit 1-page comparison: 
o “Original / After Deterioration / After Rehab.” 
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4.9 Key Takeaways (with Numerical Context) 

• A 15–20% section loss can reduce RF by ~25%. 
• Skew > 30° can shift live load distribution significantly (DF errors up to 15%). 
• Material strength reduction (4 ksi → 3.1 ksi) can turn an inventory RF from safe to 

failed. 
• Rehabilitation options modeled in software give DOTs quantifiable evidence to 

prioritize funding. 

Professional Consideration: Proper integration of field data, software modeling, and “what-if” 
scenarios enables engineers to make defensible, cost-effective decisions while ensuring bridge 
safety and serviceability. 
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Chapter 5 – Load Rating Interpretation and Decision Making 

In bridge engineering, a load rating represents far more than a numerical value in a report—it 
is the backbone of safety management, operational planning, and investment decision-making. 
The load rating tells us whether a bridge can safely carry the vehicles that depend on it daily, or 
whether restrictions, rehabilitation, or even replacement are required. This chapter explores 
how engineers interpret rating results, translate them into decisions, and communicate those 
decisions responsibly to both technical and non-technical stakeholders. 

 

5.1 Why Load Rating Interpretation Matters 

Every bridge in service experiences continuous stress—from traffic, environment, and 
occasionally human error. The load rating is not just a code requirement; it is the common 
language connecting engineers, DOT officials, and policymakers. 
Interpreting a rating correctly allows us to answer essential questions: 
Can the bridge safely accommodate all legal loads? Should weight limits be imposed? Which 
components require attention before deterioration becomes critical? 

Without accurate interpretation, even the most sophisticated analysis becomes meaningless. A 
single misunderstood rating factor can lead to decisions that either compromise safety or waste 
limited public funds. 
Ultimately, sound interpretation transforms data into judgment—and judgment is the essence of 
engineering. 

 

5.2 Fundamentals of Load Rating 

At its core, the load rating expresses the Demand-to-Capacity Ratio (DCR)—a comparison 
between the loads a bridge must carry and its actual capacity, considering deterioration or 
section loss. 
Two principal levels define this rating framework: 

¯ Inventory Rating: Represents the safe load-carrying capacity for unrestricted, routine 
traffic under normal conditions. 

¯ Operating Rating: Defines the upper limit of capacity that can be tolerated under 
specific, often temporary, operating conditions such as reduced speed or restricted truck 
loads. 
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For example, consider a steel I-girder bridge originally designed with a section modulus 
Sx=833 in3. Over time, corrosion reduces the effective section to 683 in3 . The resulting rating 
factor drops below 1.0, signaling a critical condition where continued operation under 
unrestricted traffic is no longer acceptable. In such cases, engineers must recommend weight 
posting, rehabilitation, or other control measures to restore safety margins. 

 

5.3 Reading Results in Practical Context 

Interpreting a load rating is not a matter of reading a number—it is an exercise in engineering 
judgment. A rating factor (RF) of 0.95, for example, may seem only slightly below unity, but 
when combined with observed corrosion or cracking, it demands immediate attention. 
Context dictates the response: restricting traffic, reinforcing a member, or scheduling targeted 
rehabilitation. 

When deterioration affects key elements—say, a corroded girder flange—the engineer must 
evaluate various strengthening options such as welded steel plates, fiber-reinforced polymers 
(CFRP), or section replacement. Each option carries its own cost, timeline, and risk profile. The 
true skill lies in selecting the solution that best balances safety, economy, and durability. 

 

5.4 Case-Based Learning 

Engineers learn not only from equations, but from experience—each bridge rating tells a 
unique story of demand, deterioration, and decision-making. The following cases illustrate how 
interpretation turns numbers into meaningful action. 

 
Example 1: Steel Girder Bridge with Section Loss 

Findings: 
Inspection identifies approximately 15% section loss in the bottom flange of one girder. Rating 
analysis yields an Operating RF of 0.92. 

Interpretation: 
At the Inventory level, the RF is 1.05—acceptable for routine loads. However, an Operating RF 
below 1.0 signals vulnerability under heavier, nonstandard traffic. 
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Decision: 
Implement weight restrictions for heavy permit trucks while scheduling targeted repair for the 
affected girder. 

Lesson: 
A sub-1.0 rating does not automatically mean closure. Engineers must distinguish between 
levels of safety and serviceability—understanding the nuance behind each rating is crucial. 

 
Example 2: Short Rural Timber Bridge 

Findings: 
Both Inventory and Operating Ratings yield RF = 0.75, well below the acceptable limit. 

Interpretation: 
The bridge clearly cannot sustain legal load demands. 

Decision: 
Posting the bridge for a 10-ton weight limit is feasible, as local traffic consists mainly of light 
agricultural vehicles. Full strengthening may not be economically justified; instead, plan for a 
long-term replacement. 

Lesson: 
Context governs the decision. A low-volume rural road can safely accommodate posting, 
whereas a similar structure on a major route would demand immediate replacement. 

 
Example 3: Urban Prestressed Girder Bridge with Permit Request 

Findings: 
A permit request is submitted for an exceptional superload. Under normal traffic, the bridge 
achieves RF = 1.20. However, for the proposed load, the RF drops to 0.85. 

Decision: 
Deny the permit or reroute the vehicle. Though the bridge safely accommodates legal loads, the 
overload introduces unacceptable stress levels. 

Lesson: 
Load ratings are dynamic—they interact with real-world operations, freight patterns, and 
regulatory demands. Every rating must be viewed in its operational context. 
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Why Case-Based Thinking Matters 

Load rating values gain true meaning only when connected to service conditions, user needs, 
and the bridge’s overall structural health. In practice, no two situations are identical, and 
engineers must combine analytical precision with professional intuition to reach defensible, 
practical conclusions. 

 

5.5 Communicating Results 

Even the most sophisticated rating analysis loses its value if it cannot be communicated 
effectively. The professional engineer must therefore act as both a technical expert and a 
translator—bridging the gap between data and decision. 

1. Clarity for Non-Engineers: 
Replace jargon-heavy phrasing such as “RF = 0.87 for HS20 trucks at Operating Level” with 
concise, actionable language: 

“The bridge remains safe for everyday traffic, but heavier vehicles may pose a risk. Weight 
restrictions are recommended until strengthening is completed.” 

2. Visual Aids: 
Stakeholders respond far more effectively to visuals than spreadsheets. Use color-coded 
graphics (green/yellow/red) to depict RF ranges, and pair photographs of deterioration with 
calculated safety margins. 

3. Presenting Options and Trade-offs: 
Offer clear, structured choices: 

• Option A: Post the bridge—minimal cost, but potential logistical impact. 
• Option B: Strengthen critical elements—moderate cost, roughly six months’ duration. 
• Option C: Replace the bridge—high initial cost, but long-term benefit. 

This approach empowers decision-makers to act with confidence, balancing engineering 
recommendations against financial and operational realities. 

4. Documenting Assumptions: 
Every analysis must include a clear rationale. Future engineers or auditors need to understand 
why specific parameters were chosen. 
For instance: 
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“Section loss was projected to increase by approximately 2% per year, based on inspection data 
from 2016–2024.” 

Pro Tip: 
When communicating load ratings, think of yourself as a bridge between mathematics and 
policy. The objective is not to recite numbers, but to guide informed choices affecting safety, 
economy, and mobility. 

 

5.6 Decision-Making as an Ongoing Process 

A common misconception is that load rating represents a one-time judgment. In reality, it is an 
evolving process—bridges change, and so must our assessments. Materials degrade, traffic 
patterns shift, and design codes evolve. The engineer’s responsibility is to ensure that the 
bridge’s rating keeps pace with these changes. 

 How Bridges Evolve 

• Material Aging: Steel corrodes, concrete cracks, bearings seize—conditions once 
acceptable may now be marginal. 

• Traffic Growth: A previously quiet bridge may suddenly serve as a freight corridor, 
doubling its load demands. 

• Environmental Events: Floods, collisions, and earthquakes can instantly alter capacity. 
• Code Updates: Each revision to AASHTO LRFD or similar standards can redefine 

what “safe” truly means. 

When to Revisit a Load Rating 

Load rating should not be treated as a static, “file-and-forget” activity. Engineers must revisit 
ratings whenever significant changes occur. This includes situations following major 
inspections that reveal new deterioration, after an impact or accidental overload, when traffic 
demand or truck configurations change significantly, prior to granting oversize or overweight 
vehicle permits, and whenever updates to governing design specifications are issued. In 
practice, the guiding principle is straightforward: when there is any uncertainty, the load rating 
should be re-evaluated to ensure continued safety and compliance. 

From Rating to Action: The Continuous Cycle 

Bridge management follows a cyclical process rather than a linear one. Engineers continuously 
move through a loop of observation, analysis, interpretation, and action. The cycle begins with 
inspecting the structure and scoping the work, which involves gathering field data, recording 
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deterioration, and verifying geometry. Updated conditions are then analyzed to recalculate 
capacity, ensuring that numerical results reflect reality. Engineers interpret these results in 
practical terms to determine their implications for safety and usability, and act accordingly by 
implementing traffic restrictions, initiating repairs, or planning replacements as required. 
Following any intervention or the passage of time, the bridge’s condition is reassessed, and the 
cycle begins again. Maintaining this continuous loop ensures that bridge safety decisions 
remain current, evidence-based, and aligned with professional standards. 

In 2020, a bridge may achieve a rating factor (RF) of 1.20, comfortably within safety margins. 
By 2023, inspections reveal a 20% section loss in one girder, reducing the RF to 0.95 and 
prompting a weight posting. Shortly thereafter, increased traffic from nearby developments can 
render even posted limits insufficient, necessitating structural strengthening. By 2030, ongoing 
deterioration may make replacement the only sustainable solution. 

This timeline illustrates the evolving nature of bridge management. Decision-making is rarely 
static; it is an adaptive process shaped by changing structural conditions, public demands, and 
professional accountability. Load rating is only the starting point in a continuous dialogue 
between data, design, and duty. While numbers quantify structural performance, the true 
measure of a bridge’s longevity lies in the engineers who monitor, evaluate, and act decisively 
over time. Successful practitioners understand that their responsibilities extend beyond 
calculations—they safeguard public trust, maintain economic continuity, and uphold the 
fundamental principles of professional civil engineering. 
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Chapter 6 – Bridge Rehabilitation and Strengthening Techniques 

Bridge rehabilitation and strengthening represent far more than routine construction tasks—
they are strategic engineering processes aimed at ensuring safety, extending service life, and 
optimizing long-term cost efficiency. This chapter explores the decision-making framework 
that guides these interventions, from identifying the need for repair, to evaluating available 
techniques, and ultimately validating their performance. The discussion integrates technical 
depth with practical field insight, reflecting how engineers approach real-world rehabilitation 
scenarios. 

 

6.1 Recognizing the Need for Intervention 

The first and most critical step in any rehabilitation project is understanding why a bridge 
requires intervention. Each bridge tells a story through its performance and deterioration 
patterns, and the engineer’s role is to interpret those signals accurately. The causes typically fall 
under several recurring categories: 

1. Material Deterioration 
Common signs include rusting steel members, spalling or delaminated concrete, and 
chemical reactions such as alkali-silica reactivity (ASR). Indicators like corroded rebar 
exposure, cracking, and loss of section thickness all point toward structural distress 
requiring immediate attention. 

2. Insufficient Load Capacity 
Many bridges constructed decades ago were not designed for today’s heavier traffic 
demands. If the latest load rating yields a Rating Factor (RF) below 1.0 for standard or 
permit loads, structural strengthening becomes essential to restore adequate safety 
margins. 

3. Environmental and Climatic Impacts 
Exposure to freeze-thaw cycles, deicing salts, flooding, and scour progressively degrade 
materials and foundations. Bridges in coastal or cold regions are particularly vulnerable 
to such environmental stressors, often accelerating deterioration beyond original 
expectations. 

4. Accidental or Extreme Events 
Vehicle collisions, earthquakes, hurricanes, or excessive overloads can cause sudden 
damage to critical elements. These incidents require immediate structural evaluation to 
determine the extent of compromise and the most efficient restoration approach. 

Ultimately, rehabilitation is not about aesthetics or superficial repair—it is about reinstating 
structural reliability, ensuring that the bridge can safely sustain its intended function without 
compromising user safety or network continuity. 



 
 

37 
 

 

6.2 The Philosophy: Repair vs. Strengthening 

Once the need for intervention is established, engineers must decide between repairing and 
strengthening—or, as often occurs, implementing a combination of both. 

1. Repair (Rehabilitation) 
Repair focuses on restoring the bridge to its original functional capacity. It involves 
correcting localized defects, replacing deteriorated materials, and addressing 
performance loss without altering the design intent. 
Examples include removing rusted steel sections and welding replacement plates, or 
patching concrete spalls with high-performance repair mortar to restore continuity and 
durability. 

2. Strengthening 
Strengthening goes beyond simple restoration—it enhances capacity beyond the 
original design to accommodate increased loading or extended service requirements. 
Typical techniques include applying carbon fiber–reinforced polymer (CFRP) laminates 
to concrete girders, adding external post-tensioning, or installing supplemental members 
to improve stiffness and ductility. 

In practice, most rehabilitation projects blend both approaches—repairing existing damage 
while upgrading critical members to meet current and future demands. This hybrid philosophy 
ensures bridges remain both safe and economically viable over the long term. 

 

6.3 Common Rehabilitation and Strengthening Techniques 

A wide range of well-established techniques are available to engineers, each suited to specific 
structural conditions and performance goals: 

1. Steel Flange or Plate Strengthening 
One of the most traditional yet effective methods, this involves welding or bolting steel 
plates to deficient girders to enhance flexural capacity. The method is relatively 
straightforward, cost-effective, and compatible with modern analysis software for 
precise capacity verification. 

2. Fiber-Reinforced Polymer (FRP) Systems 
FRP sheets or wraps, made from carbon or glass fibers embedded in resin, provide 
lightweight yet durable strengthening. These systems are ideal for increasing flexural or 
shear strength in concrete members with minimal added dead load. They are resistant to 
corrosion and can be installed with minimal traffic disruption. 
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3. External Post-Tensioning 
By installing external tendons or cables, engineers can apply additional prestress to 
increase flexural and axial strength. This technique is effective for both concrete and 
steel structures, particularly where deflection control is critical. 

4. Bearing Replacement 
When bearings deteriorate or seize, the structure’s load distribution and movement 
capability are compromised. Replacing them with modern elastomeric or pot bearings 
restores proper articulation and helps prevent unintended stress concentrations. 

5. Deck Overlay or Replacement 
Rehabilitating the deck surface through overlays or full replacement not only improves 
ride quality but also redistributes loads more efficiently to supporting members. In 
many cases, deck strengthening is combined with substructure repairs to achieve 
comprehensive improvement. 

6. Column or Pier Jacketing 
This technique involves encasing existing columns or piers with reinforced concrete or 
steel jackets to enhance their flexural, shear, and axial capacities. It is especially 
common in seismic retrofitting and in cases of severe material degradation. 

Each of these interventions requires detailed structural analysis, material compatibility 
assessment, and consideration of constructability and traffic management during execution. 

Each of these interventions requires detailed structural analysis, assessment of material 
compatibility, and careful consideration of constructability and traffic management during 
execution. Engineers seeking a step-by-step approach to applying these techniques in practical 
load rating and rehabilitation scenarios can refer to the course Bridge Load Rating Made 
Simple: AASHTO LRFD Theory & Worked Examples by Prof. Dr. Ibrahim M. Metwally, Ph.D., 
P.E., which provides detailed worked examples and guidance aligned with U.S. practice. 

 

6.4 Advanced Techniques and Innovations 

Modern rehabilitation increasingly integrates innovative materials and methods that improve 
performance, speed, and sustainability: 

• Ultra-High-Performance Concrete (UHPC): 
UHPC is a high-strength, durable material suitable for overlays, connections, and joint 
repairs. Its exceptional durability and tensile capacity make it ideal for strengthening 
applications requiring longevity and resilience against cracking. 

• Hybrid FRP Systems: 
Combining carbon and glass fibers allows engineers to achieve balanced performance, 
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optimizing both stiffness and ductility. These systems deliver a cost-effective 
enhancement to both flexural and shear behavior. 

• Accelerated Bridge Construction (ABC): 
ABC leverages prefabricated elements and modular assembly to minimize traffic 
disruption and construction time. It has become an increasingly favored approach for 
rehabilitation of critical highway infrastructure. 

• Structural Health Monitoring (SHM): 
Incorporating sensors during or after rehabilitation enables continuous tracking of 
strain, deflection, and temperature variations. This data-driven approach supports 
predictive maintenance and real-time performance evaluation. 

In practice, successful rehabilitation often results from combining traditional strengthening 
methods with these emerging technologies—achieving a balance between proven reliability and 
modern efficiency. 

 

6.5 Engineering Decision-Making in Rehabilitation 

Rehabilitation decision-making involves a structured process of diagnosis, evaluation, and 
verification. Each step directly affects the structure’s long-term safety and cost-effectiveness. 

Step 1: Problem Identification 
Thorough inspection and diagnostic testing form the foundation of decision-making. Engineers 
identify defects, assess material condition, and analyze load paths to locate structural 
weaknesses. 
Example: A steel girder bridge shows 15% flange loss, resulting in an RF of 0.88 for HS20 
trucks. Historical data indicates corrosion as the primary cause—signaling both a strength 
deficiency and a maintenance gap. 

Step 2: Define Objectives 
Typical rehabilitation goals include restoring safety, maintaining serviceability, and achieving 
cost efficiency without excessive downtime. 

Step 3: Select the Appropriate Technique 
Based on the findings, the engineer selects methods that best balance performance and 
practicality: adding steel plates, installing CFRP, replacing bearings, or resurfacing the deck. 
In the earlier example, steel flange plating combined with corrosion protection increased RF to 
1.12, while implementing temporary weight limits maintained service during construction. 

Step 4: Analytical Verification 
Proposed solutions must be validated through analytical modeling or simulation. Structural 
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software tools allow verification of the improved capacity under various loading conditions, 
ensuring the selected intervention meets design criteria. 

Step 5: Prioritization and Implementation Strategy 
Given limited budgets, prioritizing repairs by urgency and impact is critical. Engineers often 
phase rehabilitation work to maintain traffic flow while addressing the most severe issues first. 
Ultimately, engineering rehabilitation is a careful balance of technical precision, risk 
management, and practical logistics. 

Ultimately, engineering rehabilitation is a careful balance of technical precision, risk 
management, and practical logistics. Engineers seeking a structured, step-by-step approach to 
bridge load rating and rehabilitation decision-making can refer to the course Bridge Load 
Rating Made Simple: AASHTO LRFD Theory & Worked Examples by Prof. Dr. Ibrahim M. 
Metwally, Ph.D., P.E., which provides detailed worked examples, practical guidance, and 
alignment with U.S. professional practice. 

 

6.6 Integrating Rehabilitation with Load Rating and Decision-Making 

Effective rehabilitation directly correlates with load rating outcomes. Load ratings quantify the 
bridge’s performance before and after intervention, providing objective justification for the 
chosen strategies. 

Example 1 – Concrete Deck Delamination 

• Scenario: 40-year-old concrete bridge with 25% deck delamination; RF = 0.95 for legal 
loads, 0.82 for permit trucks. 

• Approach: Short-term traffic control and weight restrictions, followed by epoxy crack 
injection, patch repair, and a 2-inch bonded concrete overlay. 

• Result: Post-rehabilitation ratings improved to 1.10 (legal) and 1.00 (permit). Service 
life extended with minimal user disruption. 

Example 2 – Permit Truck Challenge 

• Scenario: Rural steel bridge with RF = 1.15 for legal loads and 0.85 for oversize trucks. 
• Solution: Strengthening critical girders using CFRP and supplemental steel plates. 
• Outcome: Improved RF to 1.10 for permit loads, allowing safe passage for heavy 

vehicles. 

 



 
 

41 
 

Key Insights: 

• Always link rehabilitation strategies to quantifiable rating improvements. 
• Maintain detailed documentation of materials, assumptions, and analytical results. 
• Use rating data to communicate outcomes clearly to DOT officials and stakeholders. 

 

6.7 Monitoring, Follow-Up, and Life-Cycle Thinking 

Rehabilitation marks not the end of the process, but the beginning of a new performance phase. 
Continuous monitoring ensures that improvements remain effective and helps anticipate future 
interventions. 

Example 1 – CFRP-Strengthened Bridge 
Post-rehabilitation monitoring revealed minor deflections under heavy truck loading. Installing 
strain gauges confirmed stresses within allowable limits, enabling safe extension of inspection 
intervals and confident long-term operation. 

Example 2 – Life-Cycle Planning for Steel-Concrete Bridge 
A bridge rehabilitated a decade earlier showed early signs of corrosion recurrence. Updated 
inspections revealed marginal RF reduction (1.05 legal, 0.95 permit). Engineers implemented 
localized repairs, applied protective coatings, and added monitoring sensors—extending service 
life by 5–7 years while deferring major replacement costs. 

Engineer’s Perspective: 
Bridges should be managed as dynamic systems rather than static structures. A life-cycle 
approach—combining inspection, rating, repair, and monitoring—enables sustainable asset 
management. Smart rehabilitation integrates data-driven decision-making, ensuring long-term 
safety, service continuity, and fiscal responsibility. 

 

 Summary 

This chapter emphasized that bridge rehabilitation and strengthening are not isolated 
interventions but integral components of a continuous engineering cycle—inspection, analysis, 
intervention, verification, and monitoring. Through a mix of conventional techniques and 
innovative solutions, engineers can extend the lifespan of aging infrastructure while upholding 
the core principles of safety, functionality, and economy. 
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Chapter 7 – Innovations and Future Trends in Bridge Engineering 

Bridge engineering in the United States is undergoing a significant transformation driven by 
aging infrastructure, higher service demands, and rapid technological development. The 
discipline is no longer limited to conventional materials and static design philosophies; instead, 
it now embraces adaptive systems, data-driven decision-making, and sustainability-focused 
design. The following discussion outlines key areas where innovation is reshaping the way 
engineers design, construct, and maintain bridges across the country. 

 

7.1 Smart Materials and Advanced Composites 

The evolution of materials has been one of the most profound developments in bridge 
engineering. Among the most impactful are fiber-reinforced polymers (FRP), ultra-high-
performance concrete (UHPC), and hybrid composite systems that combine the best attributes 
of steel, concrete, and advanced polymers. FRP materials, long valued in aerospace and marine 
industries, have proven exceptionally effective in bridge applications requiring high tensile 
capacity with minimal corrosion risk. Their lightweight nature reduces dead load while offering 
durability in marine and coastal environments, as reflected in guidance from AASHTO LRFD 
Bridge Design Specifications and ACI 440.1R-15. 

Similarly, UHPC has set new performance benchmarks. With compressive strengths frequently 
exceeding 150 MPa, it delivers superior durability, crack resistance, and bond performance. 
FHWA-led pilot programs have demonstrated its reliability in field-cast joints, deck overlays, 
and prefabricated bridge element connections, where traditional concrete often deteriorates 
under cyclic loading and harsh exposure conditions. 

The convergence of these materials in hybrid systems marks another shift. Combining steel’s 
ductility with UHPC’s compressive toughness or integrating FRP reinforcement into concrete 
decks allows engineers to optimize both strength and service life. Such integration supports 
design goals centered on longevity and minimal maintenance intervention. 

Field Observation: 
When introducing advanced materials, engineers must account for constructability, material 
compatibility, and inspection procedures. Field performance verification remains as critical as 
laboratory validation. 
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7.2 Accelerated Bridge Construction (ABC) 

In an era when minimizing disruption is as vital as structural safety, accelerated bridge 
construction has emerged as a transformative approach. The concept revolves around shifting 
time-consuming tasks away from the project site. Prefabricated bridge elements and systems 
(PBES) are manufactured under controlled conditions, transported to the site, and assembled 
within days or even hours. This not only improves quality assurance but also drastically 
reduces traffic closures—a goal central to the FHWA Every Day Counts (EDC) initiative. 

Field-cast UHPC joints now enable seamless connections between precast components, 
producing monolithic behavior without extensive curing delays. Modern equipment such as 
self-propelled modular transporters (SPMTs) allows entire spans to be lifted and placed 
overnight, as demonstrated in urban replacement projects from Utah to New York. Beyond 
speed, ABC reduces construction-related emissions and safety risks by minimizing onsite 
exposure. 

Professional Consideration: 
Successful implementation of ABC depends on early integration of design, fabrication, and 
erection planning. Tolerance management and connection detailing must be treated as design-
level parameters, not field adjustments. 

 

7.3 Structural Health Monitoring and Smart Sensors 

The modern bridge is increasingly a living system, capable of reporting its own condition 
through continuous monitoring. Structural Health Monitoring (SHM) integrates networks of 
sensors that record strain, displacement, temperature, vibration, and corrosion activity in real 
time. These data streams, analyzed through specialized software, allow engineers to detect 
deterioration trends long before they become visible in the field. 

Fiber optic sensors embedded in critical sections measure microstrains under live loads, while 
wireless accelerometers track vibration signatures that can reveal stiffness loss or connection 
loosening. Corrosion sensors embedded within decks or girders provide early warnings of 
chloride ingress, complementing periodic inspections. 

A notable example is the I-35W St. Anthony Falls Bridge in Minnesota, which incorporates 
over five hundred sensors monitoring load distribution and thermal gradients. The system has 
not only enhanced safety oversight but also provided valuable calibration data for load rating 
and modeling. 
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Lesson from Practice: 
Automated monitoring should always be supplemented by engineering interpretation. Data 
without context can mislead; periodic manual verification ensures reliability and accuracy of 
digital diagnostics. 

 

7.4 Data-Driven Design and Artificial Intelligence 

The application of data analytics and artificial intelligence has begun to redefine bridge 
evaluation and asset management. Traditional inspection records, sensor outputs, and 
maintenance logs are now being consolidated into centralized databases where machine 
learning algorithms can identify patterns of deterioration or performance anomalies. By 
analyzing correlations between load histories, material types, and environmental conditions, 
these systems can forecast when and where maintenance is most effective. 

Predictive modeling also enhances rehabilitation decision-making. AI tools simulate multiple 
retrofit or strengthening scenarios, ranking them by cost-effectiveness and projected service 
extension. In parallel, digital twins—virtual models linked to live sensor data—are being 
developed to test response under simulated loading events, supporting proactive planning and 
emergency readiness. 

Design Office Note: 
AI applications must remain subordinate to professional judgment. Predictive outputs require 
validation through engineering reasoning, established design codes, and verified field data. 

 

7.5 Sustainability and Green Practices 

Sustainability has transitioned from an optional design consideration to a professional 
obligation. Bridge engineers are now expected to integrate environmental responsibility 
throughout the project lifecycle—from material selection to demolition planning. The reuse of 
structural steel members and concrete aggregates during rehabilitation projects reduces waste, 
while the adoption of low-carbon concretes incorporating fly ash, slag, or silica fume helps 
lower embodied emissions. 

Energy-efficient fabrication and transport logistics are becoming standard practice, especially 
under ABC frameworks that limit heavy equipment operation time. The FHWA Sustainable 
Highways Tool (INVEST) provides measurable criteria for assessing sustainability performance, 
ensuring that environmental benefits are balanced with safety and durability requirements. 
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Designing for extended service life remains the most impactful sustainability measure. 
Structures intended to last a century or more inherently reduce material consumption and 
maintenance-related emissions over time. 

Practical Takeaway: 
Life-cycle assessment should guide both material and construction decisions. A design 
optimized for durability often delivers the lowest long-term environmental footprint. 

 

7.6 Future Trends and Vision 

Looking ahead, bridge systems will continue to evolve toward greater automation, adaptability, 
and resilience. The integration of AI-driven monitoring platforms will allow structures to self-
diagnose and even recommend maintenance actions. Adaptive systems using shape-memory 
alloys or variable damping devices may soon allow bridges to modify their stiffness in response 
to loading or seismic activity. 

As transportation networks shift toward smart-city connectivity, bridges will serve as active 
nodes in intelligent infrastructure systems, communicating with traffic controls and emergency 
response platforms. At the same time, design philosophy is gradually moving from “fail-safe” 
to “fail-operational,” emphasizing rapid recovery and continuity of service after extreme 
events. 

Consultant’s Reflection: 
Technological progress will redefine bridge design, but the engineer’s responsibility remains 
constant: to ensure safety, reliability, and resilience through sound judgment and adherence to 
proven principles. 

 

Chapter Summary 

Bridge engineering stands at the intersection of innovation and responsibility. Emerging 
materials such as FRP and UHPC, combined with modular construction and intelligent 
monitoring, are enabling bridges that are stronger, longer-lasting, and easier to maintain. 
Artificial intelligence and data-driven methods enhance analytical precision, while 
sustainability initiatives redefine success beyond structural performance alone. The 
profession’s path forward lies in merging advanced technology with enduring engineering 
judgment, ensuring that the bridges of tomorrow remain both visionary and dependable. 
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Chapter 8 – Practical Projects and Course Conclusion 

The culmination of this course brings together every concept introduced in the earlier 
modules—bridge inspection, load rating, rehabilitation, and innovation—and translates them 
into practical, project-based applications. This final chapter serves as the bridge between 
theoretical understanding and field execution. Engineers are invited to engage in realistic 
problem-solving scenarios that reflect the challenges faced daily by practicing bridge 
professionals across the United States. 

Here, learning evolves into practice. Participants move beyond isolated concepts to complete, 
integrated analyses where inspection data, structural evaluation, modeling, and decision-
making converge. The goal is not simply to repeat procedures, but to think critically and apply 
engineering judgment under realistic constraints—safety, cost, constructability, and public 
impact. 

 

8.1 Project-Based Learning: Bridging Theory and Practice 

In this stage, participants work through comprehensive bridge case studies representing a 
variety of structure types—steel girder, prestressed concrete, and composite systems—each 
with its own service history, environmental exposure, and performance record. Each simulated 
project includes authentic inspection data obtained from field observations or non-destructive 
testing (NDT), supplemented by deterioration indicators such as section loss, cracking, deck 
delamination, or bearing seizure. 

For example, one scenario involves a four-span steel girder bridge exhibiting moderate 
corrosion in the exterior girders, deck cracking, and frozen bearings at a fixed pier. The 
participant’s task is to interpret field data, model the structure in analysis software such as 
AASHTOWare Bridge Rating or CSiBridge, and calculate the corresponding load rating for 
current and projected traffic conditions. Subsequent steps involve proposing rehabilitation 
strategies—such as flange plating, CFRP reinforcement, or bearing replacement—and 
simulating their structural effects. 

By interpreting both analytical and field-based results, engineers develop a comprehensive 
repair plan that balances safety, performance, and lifecycle cost while adhering to AASHTO 
LRFR (2020) and FHWA NHI-20-089 guidance. 

Design Office Note: 
In practice, the accuracy of any analytical model depends on how well it reflects actual field 
conditions. Engineering judgment remains essential when reconciling software results with 
observed behavior. 
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8.2 Decision-Making Scenarios 

Sound engineering judgment is the foundation of bridge management. Participants are 
encouraged to make rational, defensible decisions that align with code requirements and agency 
policy. Typical exercises focus on identifying controlling structural elements, determining 
whether posting, strengthening, or full replacement is warranted, and balancing immediate 
versus long-term needs. 

A representative example involves a reinforced concrete bridge whose deck overlay raises the 
load rating from RF = 0.88 to RF = 1.05 under legal loading. While adequate for routine traffic, 
the bridge still performs marginally under overweight permit vehicles. Engineers must evaluate 
whether selective girder strengthening or temporary load restrictions offer the optimal balance 
between safety, cost, and schedule. 

Such case-based evaluations mirror real decision-making processes in Departments of 
Transportation (DOTs) across the country, where technical data intersect with budgetary and 
public considerations. 

Field Observation: 
Decisions rarely rest on a single numerical result. The most effective engineers integrate 
analytical findings with constructability, inspection history, and agency experience to arrive at 
balanced, practical solutions. 

 

8.3 Software Integration and Simulation 

Analytical modeling software plays a central role in understanding how deterioration and 
rehabilitation affect structural performance. Through guided exercises, participants model the 
same bridge in its original, deteriorated, and strengthened states, comparing stresses, 
deflections, and rating factors. 

For instance, using Midas Civil, a participant may analyze a steel girder bridge affected by 
corrosion in the bottom flange. The model allows testing of multiple rehabilitation 
alternatives—flange plating, CFRP application, or a combined approach—to quantify 
improvements in flexural strength and fatigue life. The comparative results provide insight into 
the effectiveness of each intervention and its projected extension of service life. 
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This simulation-based process builds both technical confidence and professional intuition. It 
enables engineers to interpret results critically, not as isolated outputs, but as part of a broader 
engineering narrative that connects observation, analysis, and design intent. 

Engineering Judgment: 
Software enhances accuracy but cannot replace experience. Interpretation of results must 
always consider boundary conditions, modeling assumptions, and field verification. 

 

8.4 Reporting and Communication 

Technical excellence is only meaningful when it is clearly communicated. Engineers must be 
able to present their findings in a manner suitable for review by DOT officials, consultants, and 
stakeholders. Within these project modules, participants practice preparing professional bridge 
evaluation reports that summarize inspection findings, document rating calculations, and justify 
rehabilitation recommendations. 

A well-structured report typically includes tabulated rating factors, graphical summaries of 
stress or deflection, and concise decision statements supported by cost and schedule 
considerations. The ability to convey complex technical information clearly and objectively is a 
vital professional skill, ensuring that recommendations are both credible and actionable. 

Reviewer’s Comment: 
A strong report reflects both analytical rigor and communication clarity. The best engineers 
write as carefully as they design—each conclusion must be traceable, justified, and defensible. 

 

8.5 Course Conclusion and Professional Takeaways 

As the course concludes, participants will have experienced the complete engineering cycle—
from inspection and diagnosis through analysis, intervention, and performance verification. 
This progression mirrors real-world practice, where every project evolves through observation, 
assessment, decision, and feedback. 

The intent of this program is not only to teach analytical tools but to cultivate engineering 
judgment grounded in experience and evidence. By completing realistic project simulations, 
participants gain the confidence to interpret inspection data, evaluate load capacity, design 
rehabilitation measures, and communicate findings effectively. 
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Bridge engineering, at its core, is a continuous process of learning and adaptation. The 
profession demands both technical precision and creative problem-solving, ensuring that each 
structure continues to serve safely and efficiently in a changing environment. 

Consultant’s Reflection: 
The true bridge is not only built of steel and concrete—it is the link between knowledge and 
application. Mastery lies in turning analysis into action and transforming data into durable, 
reliable structures that serve the public with safety and integrity. 

 
 
 
 



 
 

50 
 

Chapter 9 – Worked Examples 

This section presents a sequence of realistic bridge engineering scenarios, illustrating how 
inspection data, analytical evaluation, and engineering judgment are integrated within the 
AASHTO LRFD framework. Each example follows the logical steps a practicing engineer 
would take—from identifying deterioration to determining capacity, computing rating factors, 
and formulating an appropriate action plan. 

Rather than isolated calculations, these cases demonstrate a complete workflow that mirrors 
real bridge management practice. They reinforce the relationship between theoretical 
provisions, software-based analysis, and field-based decision-making under the standards 
applied by U.S. transportation agencies. 

 

Example 1 – Flexural Capacity under HL-93 Truck (from Chapter 2) 

A simply supported steel girder bridge with a span of 30 m is considered. 

• Section modulus of the girder = 8.33 × 10⁸ mm³ 
• Yield strength Fy = 345 MPa 

Step 1 – Nominal Capacity 
Mn=Fy×S=345×8.33×108=2.87×1011N⋅mm 

Step 2 – Factored Capacity 
ϕMn=0.9×2.87×1011=2.58×1011N⋅mmϕM_n = 0.9 × 2.87 × 10^{11} = 2.58 × 10^{11} N·mm 

ϕMn=0.9×2.87×1011=2.58×1011N⋅mm 

Step 3 – Applied Load Effect 
The HL-93 truck produces a midspan moment of 2.1 × 10¹¹ N·mm. 

Result 
Rating Factor RF = 2.58 / 2.1 = 1.23 > 1.0 → Bridge is safe without posting. 
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Example 2 – Section Loss and Rating Factor (from Chapter 3) 

During inspection, corrosion reduced the bottom flange thickness: 

• Original flange thickness = 25 mm 
• Measured thickness = 21 mm (16% loss) 
• Original section modulus = 900 × 10³ mm³ 
• Reduced section modulus = 756 × 10³ mm³ 

Applied moment = 1800 kN·m 

Step 1 – Nominal Capacity 
Mn=Fy×S=345×756×103=261×106N⋅mmM_n = Fy × S = 345 × 756 × 10³ = 261 × 10^6 
N·mm 

Mn=Fy×S=345×756×103=261×106N⋅mm 

Step 2 – Rating Factor 
RF = Capacity / Demand = 1.05 

Result 
Bridge remains acceptable, but very close to the posting threshold. Monitoring is 
recommended. 
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Example 3 – Updating the Model in CSiBridge (from Chapter 4) 

Field inspection shows girder bottom flange reduced from 25 mm to 20 mm (20% loss). 

Steps Taken 

1. Update the section properties in CSiBridge. 
2. Re-run HL-93 load cases. 
3. Demand = 2000 kN·m 
4. Updated capacity = 1850 kN·m 

Result 
RF = 1850 / 2000 = 0.93 → Posting is required until rehabilitation. 

 

Example 4 – Posting Decision (from Chapter 5) 

Inspection and rating analysis provide: 

• Inventory RF = 1.10 (safe for legal loads) 
• Operating RF = 0.85 (unsafe for heavy permit trucks) 

Decision 
Post bridge for a maximum of 20-ton trucks and deny permits for heavier vehicles. 

Result 
Everyday traffic remains safe, but overweight permits are restricted. 

 

Example 5 – Rehabilitation by Flange Plating (from Chapter 6) 

A steel girder bridge shows RF = 0.88 (posted). Strengthening is proposed: 

• Add a 12 mm flange plate, 400 mm wide. 
• New section modulus increases by 22%. 
• Updated capacity raises RF to 1.08. 

Result 
Posting requirement is removed, and the bridge gains extended service life. 
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Closing Discussion 

The worked examples presented in this section are structured to represent authentic engineering 
workflows rather than simplified classroom exercises. Each example demonstrates how a 
practicing bridge engineer interprets inspection data, applies the AASHTO LRFD provisions, 
and evaluates the interaction between capacity and demand under actual field conditions. 
Corrosion, section loss, and material degradation are not abstract variables—they are 
measurable indicators that directly influence the structural performance and safety margins of a 
bridge. 

Equally important is the continuous calibration of digital models. Analytical tools such as 
CSiBridge and AASHTOWare BrR must reflect the true as-inspected condition of the 
structure to produce credible rating factors. These rating factors, in turn, drive real-world 
decisions—whether a bridge remains open to traffic, requires posting, or demands immediate 
rehabilitation. Strengthening strategies such as flange plating or composite reinforcement are 
evaluated not as theoretical solutions, but as practical interventions that can restore 
serviceability and extend the structure’s life cycle when executed under sound engineering 
judgment. 

 

Professional Reflection 

Within the context of professional engineering practice, calculations alone are not the end goal. 
Each assessment, rating, and rehabilitation recommendation carries direct implications for 
public safety, asset management, and transportation continuity. The examples included in this 
course are intended to guide engineers toward a disciplined, transparent decision-making 
process—from field observations to analytical verification and final recommendations that 
withstand both peer and agency review. 

Professional Consideration: 
In bridge engineering, the most critical deliverable is not only a numerical rating factor, but a 
justified and defensible decision. Sound judgment, supported by accurate data and adherence to 
AASHTO LRFD principles, defines the hallmark of responsible bridge engineering practice. 
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