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History of Bridge Specifications in the United States

It is important to understand and teach the history of 
the AASHTO Specifications to students
• It has been an evolutionary process
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Pre-1900
Early Bridges were built by “Master Builders”
• No Specifications
• Covered Bridges
• Patented Designs

– Pratt Truss
– Howe Truss
– Etc.

3



1870s
• 1 out of 4 bridges failed
• Failure rate at 40 per year
• Public was losing confidence
• Dec. 29, 1876

– RR bridge failed with passenger train
– 80 People died
– Howe Truss Bridge designed by “seat of pants”
– Tested with 6 locomotives on top
– Essentially had a factor of safety of 1.0
– ASCE Met:  “the construction of the truss violated every cannon of our standard 

practice”
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1894
Theodore Cooper developed a loading for trains
• Concentrated axle loads for locomotives followed by a uniform 

load  representing the train.
• “Cooper loading”  

– E60 – 60 kip axles
– E80 – 80 kip axles

• Became the standard in 1903
• Still in use today
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December 12, 1914
Formation of AASHO
• American Association of State Highway Officials
• Committee on Bridges and Allied Structures
• Charged with development of specifications for highway 

bridges for 
– Design
– Materials
– Construction
– Early specifications were copied and distributed to states
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1931
AASHO published first specification
• “Standard Specifications for Highway Bridges and Incidental Structures”

– Working stress method
– Developed a truck loading (Similar to the Cooper Loading)

• Axles representing the truck
• Uniform load representing lines of vehicles

– H loading  (highway loading)
• Notional load
• Represents different loads on the road
• Could adjust the overall magnitude of the load without adjusting the axle 

spacing
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1944
AASHO Develops HS Truck: HS-20-44
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The meeting adjourned for lunch at 12:30 PM and reconvened at 2:15 PM to hear 
the progress report on the truck loading study being conducted at Texas A & M 
College. This paper disclosed the results of a tremendous amount of study which 
had been made on the stress producing effects of trucks weighed in 47 states at 
their load meter stations, and offered formulas involving span lengths, length of 
wheelbase of truck, and total weight of truck , which can be used to investigate 
these effects. Mr Kellum, Mr Wendell, and Mr Paxton led the discussions that 
followed, and it soon developed into a “free for all” over “them” good old fighting 
words “what design loading should be used”. 

After the meeting got down to normalcy again, Mr Paxon presented the balanced 
design subcommittee report which started another argument. 

As this was about all the refereeing that the chairman could endure in one 
afternoon, the meeting was adjourned at 5:00 PM 

Minutes from 
1944 AASHO 
Committee 
Meeting



1963
AASHO becomes AASHTO
• American Association of State Highway and 

Transportation Officials
• Covered transportation structures
• Did not cover RR bridges
• Continued to publish the “Standard 

Specifications….”
• Added load factor design in the 1970’s
• 17th Edition was the “Final” Edition (2002)
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What is AASHTO?

• AASHTO Bridge & Structures 
Committee
– 52 voting members 
– One from each state plus DC and PR
– 19 Technical committees

10

AASHTO is a nonprofit, nonpartisan association representing highway and transportation departments in the 
50 states, the District of Columbia, and Puerto Rico. It represents all transportation modes including: air, 
highways, public transportation, active transportation, rail, and water. Its primary goal is to foster the 
development, operation, and maintenance of an integrated national transportation system.



Committee on Bridge & Structures (COBS or CBS)
Technical Committees
T-1 Security T-2 Bearings & Exp. Devices
T-3 Seismic Design T-4 Construction
T-5 Loads & Load Distribution T-6 Fiber Reinf. Polymer Comp.
T-7 Guard Rail and Bridge Rail T-8 Movable Bridges
T-9 Bridge Preservation T-10 Concrete
T-11 Research T-12 Sign Supports and traffic structures
T-13 Culverts T-14 Structural Steel
T-15 Substructures & Ret. Walls T-16 Timber structures
T-17 Welding T-18 Bridge Mgmt, Eval. and Rehab. Insp 
T-19 Computers T-20 Tunnels
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Technical Committee Work
• Meet once a year (June or July)

– Some tech committees meet more than once 
• Concrete, Steel, Construction, etc.

• Tech committees do body of work of proposing changes 
to the code.
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Types of AASHTO Documents
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Specification:  A document written in specification language 
format that is intended to be adopted in whole 
as part of a design process.

Guide Specification: A document written in specification format that 
MAY be adopted in whole or in part as part of a 
design specification.

Guideline: A document written to provide reference 
material that can be used to develop designs.



How do the Specification Change?
• Source of changes

– Primarily Research
• TRB
• NCHRP
• University research
• Member states

– Industry
– Individual engineers?

• Rare
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Development of the LRFD Specifications
1986:  AASHTO decides to initiate a study for a new specification
• Load and Resistance Factor Design (LRFD)
• Probability based code
• Written by consultants – Modjeski & Masters and others
• Completed in 1994
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Development of the LRFD Specifications
LRFD Specifications were adopted by AASHTO in 1996
• Period of transition

– Two specifications were in use
– AASHTO did not eliminate the Standard Specifications
– Most States continued to use the Standard Specifications in early 2000s

• Maintaining 2 specifications was too much effort
– Standard Specifications were archived in 2002 (no further updates)

• Now: All states are designing in LRFD
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Specification format
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• Divided up into “Sections”
– All inclusive
– Like combining IBC, ACI, AISC, and more

• Most Sections have:
– Separate Table of Contents
– Scope
– Definitions
– Notation

• Includes units for each term
• Kips and inches for virtually all terms
• Feet for certain terms

– Why not Metric?  It is a long story….



LRFD Page Format
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Specifications on left, commentary on right



LRFD Truck Loading Development
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• HS-20 had been around since 1944
• AASHTO looked to update the design vehicle for the LRFD Spec.

– Not a real truck
– “Notional” load that mimics actual traffic load

• Many states allow “Exclusion” vehicles 
– Excluded from weight laws (“Grandfathered” Trucks)
– There was concern that the HS-20 was no longer accurate



LRFD Truck Loading Development
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• Compared HS-20 to Exclusion 
Trucks
– Moment results shown to right
– Results were not favorable



LRFD Truck Loading Development
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• Compared HS-20 to Exclusion 
Trucks
– Shear Results shown to right
– Results were not favorable



LRFD Truck Loading Development
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• Next steps
– Develop a truck load that better mimics actual traffic
– Have it work for simple spans and continuous spans
– Mimic multiple trucks on continuous spans

• Initial ideas
– 15 axle “notional” truck

• Covered continuous spans well
• Most of the struck would be off the bridge for short spans

– Family of three trucks
• The AASHTO committee did not like the ideas

– Overly complicated
– Asked the researchers to try to produce something simpler
– Try to make the HS-20 or something similar work better



LRFD Truck Loading Development
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• Solution:
– Combine the HS-20 Truck Load + Lane Load
– Factored down to account for truck + lane (2.2 in SS, vs. 1.75 in LRFD)



LRFD Load Factor Development: Code Calibration 101
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b
b = 3.5 

was chosen

Probability Based Approach 
based on a 75 year “design life”

What does this 
area represent?



LRFD Design Equation
Basic Equation:

η (Σ γDLDL + Σ γLLLL) = ФRn
Where:

γDL = load factor for dead loads
γLL = load factor for live load
η  = load modifier for all loads
Ф = resistance factor
Rn = nominal strength of member
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LRFD Load Combinations

26



Load Factors 
for Permanent 

Loads
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LRFD Load Combinations
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Dead 
Loads

Live 
Loads



LRFD Load Combinations
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Dead 
Loads

Live 
Loads



LRFD Load Combinations
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Used to be 0.0, now 0.5 is suggested
Recent research indicates that they 0.0 may 
be justified for most bridges

Based on significant damage (LF=1.0), but 
survivable

Dead 
Loads

Live
Loads



LRFD Load Combinations
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Dead 
Loads

Live
Loads



Application of Live Load
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• Most common model is “Line Girder” analysis for parallel girder bridges
• Why not 3D analysis?

– It is common to have all girders the same size
– Allows for future widening 
– A 3D analysis will result in different forces in each girder, which will make result in 

different girders
• Line girder analysis

– Simple (less engineering costs)
– Consistent

• 3D Analysis
– Limited to curved bridges, heavily skewed bridges, or complex bridges



Application of Live Load
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• Line Girder Analysis
– Apply percentage of a truck to each girder 

• Live Load Distribution Factors (LLDF)
– Converts a 3D problem to a 2D problem
– Design using simple statics with moving 

loads
• Live Load Distribution Factors

– Separate Factors for moment and shear
– Approach

• Analyze for one lane
• Calculate moments and shears
• Multiply results by the appropriate LLDF



Application of Live Load
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This is just a sampling of common bridges: There are different equations for different bridge types
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range of applicability



How to read the Specifications

• Words matter
– Certain words are 

very important
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How to read the 
Specifications

• Words matter
– Most text written by 

committee; therefore, 
the text may not be 
perfect and difficult to 
understand
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0.04 𝑃𝑃𝑃𝑃 ≤ 𝑓𝑓𝑓𝑓 𝐴𝐴𝑓𝑓



How to read the Specifications

• Words matter
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How to read the Specifications

• Punctuation 
matters
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And = all 3 apply
If it was or, then only 
one need apply
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HELP!!!!



How to read the Specifications

• Words matter
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How to read the Specifications

• Common “may” provision
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Conclusions
• The AASHTO LRFD Bridge Design Specification are an all-

inclusive design “code”
• It was developed and is maintained by the AASHTO Committee 

on Bridges and Structures (COBS)
• It is a probability-based design code
• The most common form of design for beams is a simplified 

line-girder approach
• You need to exercise great care in reading provisions
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Questions?
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