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The evolution of bridge engineering in the United States and globally has been defined by a transition from 

empirical methods to sophisticated, reliability-based frameworks. At the heart of this transition is the AASHTO 

LRFD Bridge Design Specifications. Developed by the American Association of State Highway and 

Transportation Officials (AASHTO), these specifications serve as the definitive standard for the design, evaluation, 

and rehabilitation of highway bridges. The move from Allowable Stress Design (ASD) and Load Factor Design 

(LFD) to Load and Resistance Factor Design (LRFD)represents a paradigm shift toward a more consistent level

of safety through the application of statistical methods.

The Fundamental Philosophy of LRFD

The primary objective of the LRFD methodology is to ensure that the probability of a structural failure—or the

exceedance of a limit state—remains within acceptable limits. Unlike older methods that relied on a single factor of

safety, LRFD utilizes separate factors for loads (demands) and resistances (capacities). This allows engineers to

account for the inherent uncertainties in different types of loads and materials independently.

The Basic LRFD Equation

At its core, every design calculation in the AASHTO LRFD manual is governed by a fundamental inequality:

&Sigma; &eta;i &gamma;i Qi &le; &phi; Rn = Rr

Where:

•  &eta;i (Load Modifier): A factor relating to ductility, redundancy, and operational importance.

•  &gamma;i (Load Factor): A statistically based multiplier applied to force effects to account for uncertainty in 

load magnitude.

•  Qi (Force Effect): The calculated stress or deformation resulting from applied loads.

•  &phi; (Resistance Factor): A statistically based multiplier applied to nominal resistance to account for 

variability in material properties and construction quality.

•  Rn (Nominal Resistance): The calculated capacity of a component based on theoretical models.

•  Rr (Factored Resistance): The usable capacity after applying the resistance factor.

Detailed Breakdown of the 5th Edition Framework

The 5th Edition of the AASHTO LRFD Bridge Design Specificationsmarked a significant point in the

refinement of bridge standards, integrating years of interim revisions into a cohesive technical document. It is

structured into 14 distinct sections, each addressing specific aspects of the bridge lifecycle.

Section 1: Introduction and Scope

This section defines the applicability of the specifications. It covers both fixed and movable bridges and establishes 

the general requirement that bridges must be designed for Strength, Service, Extreme Event, and Fatigue/



Fracture limit states. The design life target for most structures under these specifications is 75 years.

Section 2: General Design and Location Features

Bridge engineering begins with the site. This section outlines requirements for hydrology, hydraulics, clearances

(both horizontal and vertical), and the geometric layout of the structure. It emphasizes the importance of vessel

collision protection and the integration of the bridge into the surrounding landscape and roadway system.

Section 3: Loads and Load Factors

Arguably the most critical chapter for structural analysis, Section 3 defines the types of loads a bridge must

withstand. These are categorized into permanent loads and transient loads.

•  Permanent Loads (DC, DW, EV): These include the weight of the structural components, non-structural 

attachments, wearing surfaces, and earth pressure.

•  Transient Loads (LL, IM, CE, BR, PL, LS): These include vehicular live loads, dynamic load allowance, 

centrifugal force, braking force, pedestrian loads, and live load surcharge.

Table 1: Comparison of Common Load Factors (Strength I Limit State)

The following table illustrates how different loads are factored to account for their statistical variability:



Load Type Code Typical Load Factor 
(&gamma;)

Uncertainty Level

Dead Load: Components DC 1.25 Low to Moderate

Dead Load: Wearing 
Surface

DW 1.50 High (variable thickness)

Vehicular Live Load LL 1.75 Moderate to High

Earth Pressure (Vertical) EV 1.35 Moderate

Water Load and Stream 
Pressure

WA 1.00 Low

Technical Analysis of Vehicular Live Loads

The AASHTO LRFD specifications utilize the HL-93 Design Truckas the standard for live load modeling. This is

not a physical vehicle but a mathematical model consisting of three components:

1.  Design Truck: A 3-axle vehicle with weights of 8 kip (front), 32 kip (middle), and 32 kip (rear), with variable 

rear axle spacing (14 to 30 feet).

2.  Design Tandem: Two 25-kip axles spaced 4 feet apart.

3.  Design Lane Load: A distributed load of 0.64 kips per linear foot (klf) applied over a 10-foot width.

Engineers must apply the Design Lane Load in conjunction with either the Design Truck  or the Design Tandem

to produce the maximum force effect. This is a significant departure from older ASD methods where the lane load

and truck load were often considered separately.

Multiple Presence Factors (m)

When multiple lanes are loaded simultaneously, the probability of all lanes carrying the maximum legal load at the

exact same location is reduced. AASHTO accounts for this using the Multiple Presence Factor:



Number of Loaded Lanes Multiple Presence Factor (m)

1 Lane 1.20

2 Lanes 1.00

3 Lanes 0.85

>3 Lanes 0.65

Note that the 1.20 factor for a single lane is used to account for the fact that the original statistical calibration of the

LRFD code was based on two lanes being the standard condition.

Dynamic Load Allowance (IM)

Vehicles in motion exert greater forces than static loads due to the interaction between the vehicle's suspension 

and the irregularities of the bridge deck. This is accounted for by the Dynamic Load Allowance (IM). In the 5th

edition, this is typically applied as a percentage increase to the static truck or tandem load.

•  Deck Joints: 75% increase (extremely high impact area).

•  All other components: 33% increase.

•  Fatigue Limit State: 15% increase.

It is important to note that IM is not applied to the distributed Design Lane Load, as the vibrations of a continuous

stream of traffic tend to cancel out.

Structural Analysis and Evaluation (Section 4)

Section 4 details the methods of analysis permitted for determining force effects. While classical methods are 

allowed, most modern designs utilize the Distribution Factor Method or Refined Analysis (Finite Element 

Method).

Live Load Distribution Factors (LLDF)

Instead of modeling the entire 3D bridge structure, engineers often use simplified 1D beam models. To account for

the 3D behavior of the deck and girders, AASHTO provides empirical equations for LLDFs based on:

•  Girder spacing (S).

•  Span length (L).

•  Deck thickness (ts).

•  Stiffness parameters (Kg).

These equations are calibrated for different bridge types, such as concrete T-beams, steel I-girders, and adjacent

box beams.

Material-Specific Design Standards

Section 5: Concrete Structures

The 5th edition provides exhaustive guidelines for reinforced and prestressed concrete. Key concepts include:

•  Limit State Design for Flexure: Using the rectangular stress block (Whitney stress block) to determine nominal 



moment capacity.

•  Shear Design: The Modified Compression Field Theory (MCFT). This method is more complex than older 'V = 

Vc + Vs' approaches, as it considers the angle of the concrete compressive struts based on the longitudinal strain 

of the section.

•  Prestressing Losses: Detailed calculations for elastic shortening, creep, shrinkage, and steel relaxation.

Section 6: Steel Structures

Steel design focuses heavily on stability and buckling. Key considerations include:

•  Compact vs. Non-Compact Sections: Determining if a flange or web will buckle before reaching its plastic 

moment capacity.

•  Lateral-Torsional Buckling (LTB): The requirement for cross-frames and diaphragms to stabilize girders during 

construction and service.

•  Fatigue Details: Classifying connections into categories (A through E') to determine their allowable stress 

range over millions of cycles.

Step-by-Step Bridge Design Procedure

Designing a bridge according to AASHTO LRFD involves a rigorous, iterative workflow:

1.  Conceptual Design: Determine the span length, bridge width, and structure type based on site constraints.

2.  Preliminary Sizing: Estimate girder depth and spacing based on L/D ratios (usually L/25 for steel, L/15 for 

concrete).

3.  Dead Load Calculation: Determine the self-weight of the deck, girders, and barriers.

4.  Live Load Analysis: Determine the maximum moments and shears using the HL-93 load model and 

Distribution Factors.

5.  Select Limit States: Identify the critical Strength, Service, and Fatigue combinations.

6.  Check Resistance: Calculate &phi;Rn and ensure it exceeds the factored load effects.

7.  Serviceability Checks: Verify that deflections (usually L/800 for highway bridges) and crack widths are within 

limits.

8.  Detailing: Design the reinforcement layouts, bearings, and expansion joints.

Regional Implementations: The Role of State DOTs

While AASHTO provides the national standard, individual State Departments of Transportation (DOTs) often issue

supplemental manuals. For instance:

•  NJDOT (New Jersey): Includes specific stipulations in their Bridge Manual that may increase load factors or 

mandate specific material types (e.g., high-performance concrete) to combat local corrosive environments.

•  MnDOT (Minnesota): Focuses heavily on thermal movements and cold-weather durability, often refining 

AASHTO's temperature load (TU) requirements.

•  Caltrans: Provides extensive amendments regarding seismic design, which is more critical in California than 

in the national 'base' code.

Comparison of Design Methodologies

Understanding why LRFD is superior requires a look back at its predecessors.



Feature Allowable Stress Design 
(ASD)

Load Factor Design (LFD) Load and Resistance 
Factor Design (LRFD)

Basis Elastic behavior; Factor of 
Safety on material strength.

Ultimate strength; Factors 
applied only to loads.

Probability and Reliability; 
Factors on both loads and 
resistance.

Safety Level Inconsistent; varies by 
span and load ratio.

Improved over ASD but 
lacks material variability.

Uniform reliability across all 
bridge types.

Load Factors N/A (factors on resistance 
only).

Applied to groups of loads. Applied to individual load 
components based on 
uncertainty.

Modern Use Obsolete for new highway 
bridges.

Used mainly for rating 
older bridges.

Mandatory for all new 
federally funded projects.

Case Studies in Design Failure and Mitigation

Technical failures often stem not from a lack of code but from the misapplication of specific provisions. The

AASHTO LRFD manual includes extensive commentary to prevent common errors.

Example 1: Deck Overhang Failures

During the pouring of a concrete deck, the cantilevered overhang can exert significant torque on the exterior girder. 

If the engineer fails to account for Deck Overhang Loads(specified in Section 3.6.1.3.4), the exterior girder may

twist or buckle. LRFD requires a specific check for the construction limit state, using a different set of load factors

(usually 1.5 for construction loads) to ensure stability before the concrete hardens and creates a composite section.

Example 2: Fatigue Cracking in Steel Girders

In the past, many bridges suffered from fatigue cracks at the ends of cover plates or stiffeners. The LRFD Fatigue 

and Fracture Limit Staterequires a rigorous check of the 'Stress Range.' By limiting the change in stress during a

vehicle passage, engineers can ensure the bridge survives the predicted 75-year volume of truck traffic without

structural degradation.

The Future of AASHTO LRFD Specifications

The specifications continue to evolve beyond the 5th edition. Recent versions (up to the 9th edition and beyond)

have integrated more refined data on:

•  Seismic Design: Moving toward performance-based engineering.

•  Service Life Design: Explicitly modeling the ingress of chlorides and carbonation to predict maintenance 

intervals.

•  Digital Integration: Aligning the specifications with Building Information Modeling (BIM) for bridges (BrIM), 

allowing for automated compliance checking in the design phase.

For the senior technical writer and engineer, the AASHTO LRFD Bridge Design Specifications are more than a

book of rules; they are a living document representing the collective wisdom of decades of research, testing, and

field experience. Mastery of these specifications is essential for ensuring the safety and longevity of the nation's

infrastructure, providing a scientific foundation for the art of bridge building.
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