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Durability
• First off, I’d like to present some context before we open it 

up for discussion on the topic of Durability.

• Can anyone in this room predict how long a structure or 
elements of a structure will last?

• Do the various Code bodies and/or specifications provide 
the Industry with sufficient guidance on how to design, 
fabricate, or construct infrastructures with or without 
durability provisions?

• If not, why not

• As owners, don’t we want long-lasting structures?

• If yes, then what can be prescribed to obtain the 
longest lasting structures?

• There are numerous publications and research related to 
durability; so how do we know what to add to the cauldron?

• Do we know what we currently have in terms of durability?

• Do we have bridge records that provide number of 
years and condition states for various bridge elements

• Can we obtain additional forensic information on how 
existing bridge elements have performed over the last X 
number of years in terms of durability

Factors to consider
• Exposure conditions
• Design life
• Loads
• Type of materials

• Water
• Admixtures
• Cement
• Aggregates
• Curing 
• Temperatures

• Material proportions
• Mix-designs
• Type of and quality of construction & fabrication

• Cast-in-place
• Precast

• Cost
• Functional classifications 
• Detailing
• Allowable stresses
• Corrosion mitigation
• Industry tests for durability (ASTM, etc.) to validate 

durability performance
• Service-Life prediction models 
• Life-Cycle costs
• Bridge Preservation strategies



AASHTO LRFD Bridge Design Specs



AASHTO LRFD 8th Edition



Concrete cover & control of cracking
• Control of cracking by 

distribution of reinforcement 
(LRFD 5.7.3.4)

• AASHTO LRFD Table 5.12.3-1

• Distribution of reinforcement 
(AASHTO STD Equation 8-61)



ACI-318 

• 19.3-Concrete Durability 
Requirements

• Addresses concrete durability 
on the basis of exposure 
categories and exposure 
classes defined in Table 
19.3.1.1



ACI-318 

• 19.3.2-Requirements for concrete 
mixtures

• 19.3.2.1 Based on the 
exposure classes assigned 
from Table 19.3.1.1, concrete 
mixtures shall conform to the 
most restrictive requirements 
in Table 19.3.2.1



R19.3.2-Additional protection for Exposure Class 
C2-For nonprestressed and prestressed concrete 



ACI Publications on Durability

• ACI 350-Code Requirements for Environmental Engineering 
Concrete Structures

• ACI 224-Guide to Design Detailing to Mitigate Cracking

• ACI 201-Guide to Durable Concrete

• ACI 222-Guide to Design & Construction Practices to 
Mitigate Corrosion Reinforcing in Concrete Structures



ASTM requirements

• ASTM G109

Standard Test Methods for Determining Effects 
of Chemical Admixtures on Corrosion of 
Embedded Steel Reinforcement in Concrete 
Exposed to Chloride Environments

• ASTM C1582

Standard Specification for Admixtures to Inhibit 
Chloride-Induced Corrosion of Reinforcing Steel 
in Concrete



PCI’s Recommended 
Practice for Design, 
Manufacture and 

Installation of 
Prestressed Concrete 

Piling, July-August 
2019



Durability Aspects of Precast Prestressed 
Concrete Part 1 & 2



ASPIRE Fall 2023, Thoughts about Durability and Service-Life Design of 
Bridges by Dr. Elizabeth I. Wagner and Dr. Michael C. Brown, Wiss, 
Janney, Elstner Associates Inc.

• More and more, owners are 
requirement that bridges be designed 
with durability in mind, with 
specifications commonly calling for 
bridges to achieve service lives of 75 
or 100 years-and sometimes beyond.

• The industry has come to recognize 
that design for durability is needed, 
such that the combination of 
materials, design details, construction 
practices, and planned maintenance 
activities will enable the bridge to 
achieve its target service life.

• The durability engineer will examine 
the components and their 
environmental exposures, identify the 
relevant deterioration mechanisms, 
and develop a protective strategy to 
provide confidence that each 
component and the overall structure 
will achieve their target service lives.  
There are several approaches for 
developing a protective strategy for 
durability.



ASPIRE Fall 2023, Thoughts about Durability and Service-Life Design of 
Bridges by Dr. Elizabeth I. Wagner and Dr. Michael C. Brown, Wiss, 
Janney, Elstner Associates Inc.

Definitions

• Design life-The period of time on 
which the statistical derivation of 
transient loads is based; this period is 
75 years for the AASHTO LRFD 
specifications.

• Target service life-The assumed period 
of time the bridge is expected to 
remain in operation, without 
rehabilitation or significant repair, and 
with only routine maintenance 
(intended life).  This maintenance 
would include replacement of 
renewable elements.

Details

Using durable materials is key to 
achieving long service lives; however, 
without proper design details, a 
structure may not achieve its target 
service life.  

If the cover over reinforcement is too 
shallow, it may not provide enough 
concrete to protect the reinforcement 
from corrosion.



ASPIRE Fall 2023, FHWA’s Service Life Design Reference Guide, by Raj 
Ailaney, Office of Bridges and Structures, Federal Highway 
Administration

• Service life design principles have been 
gaining broader acceptance as a tool to 
improve the performance of existing highway 
bridges and to design new bridges for 
enhanced durability.

• The objective of service life design is to assess 
the potential deterioration mechanism 
affecting structural elements, and to design 
those elements to achieve a target service life 
duration.

• Implementing new specifications can be 
challenging.

• FHWA’s Service Life Design Reference Guide 
was published in November 2022 is a “road 
map” to service life design concepts and 
methods for bridge owners and designers.  
The guide focuses on North America design 
practices and provides references for applying 
service life design principles to concrete and 
steel highway bridges with examples 
provided.

• May 1, 2023, FHWA conducted a national 
webinar with 42 states participating.

• FHWA will conduct regional workshops 
starting in Fall/2024 and will be 1.5 days, 
specific to regional needs, and coordinated 
through the host state agency.  The 
workshops will be open to regional and state 
DOT’s, consulting design engineers, and 
construction professionals.



Durability

• Q/A References:
• David A. Tomley, P.E., “Concrete 

Repairs/Service Life of 
Bridges/Structures & Life-Cycle 
Costs”, PCI Gulf South Summer 
Convention, July 27, 2019

• David A. Tomley, P.E., “Bridge 
Preservation”, PCI Gulf South 
Transportation Committee meeting 
with MDOT, November 6, 2019, 
ALDOT, June 11, 2020, and Virtual 
meeting with LADOTD, June 19, 
2020
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