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Introduction
Goal of Service Life Design is more durable, long lasting bridges

Industry initiatives promoting implementation of Service Life Design
◦ FHWA Highways for Life – Emphasis on 100 year life
◦ SHRP2 R19A – Service Life Design of Bridges
◦ NCHRP 12-108 – Guide Specification for Service Life Design of Highway Bridges

Growing tendency for large Design/Build and PPP projects to have Service 
Life requirements included in RFP
◦ Gerald Desmond, 2 Ohio River Bridges in Louisville, Tappan Zee, Goethals, 

Kosciuskzo (all Cable Stayed)

Variation & inconsistencies in specification requirements for RFPs



Service Life Design Refresher
Design approach to resist Deterioration caused by 
Environmental Actions
◦ Also called Durability Design & often Design for 100-year Service Life

◦ Uses Scientific or Quantitative Mathematical Procedures

◦ Documented in fib Bulletin 34

Similar to design against Structural Failure caused by 
External Loads
◦ What we know as Strength Design



Deterioration Exposure

Reinforcing Steel Corrosion

Cracks, Spalls, Delamination

Material Strength Loss
◦ Alkali-Silica Reaction (ASR)

◦ Sulfate Attack

Chloride/Carbonation Ingress

Chemically Reactive 
Aggregate

Sulfates in soil / groundwater



Deterioration Exposure

Cracks from Delayed 
Ettringite Formation (DEF)

Scaling

Abrasion

Elevated Curing 
Temperatures

Freeze-Thaw Cycles/Chlorides

Ice Action on Piers/Studded 
Tires or Chains on Decks



Service Life Design Strategies
Avoidance of deterioration – Strategy A

◦ Eliminate exposure to contaminants (e.g., non-reactive aggregates)
◦ Provide materials well beyond required (e.g., stainless steel)

Design Based on Deterioration from the Environment –
Strategy B

◦ Deemed to satisfy provisions – Prescriptive rules of thumb
◦ Full probabilistic design – Reliability based mathematical models
◦ Semi-probabilistic or deterministic design – Not calibrated sufficiently for use



Service Life Design Strategies
A single bridge may have multiple deterioration mechanisms
…
Resulting in use of several service life design strategies, e.g., 

◦ Full Probabilistic – Components subjected to Chlorides
◦ Avoidance – Use of non-reactive materials to mitigate ASR
◦ Deemed to Satisfy – Air entrainment to mitigate Freeze-Thaw

Full Probabilistic strategy requires a definition for limit state and 
accepted level of reliability, e.g.,
◦ 10% chance of corrosion initiation in 100 years (or β = 1.3)



Mathematical Deterioration Models
Models to assess Durability behavior versus Time

Models exist for Concrete Structures:
◦ Chloride Ingress to Initiate Reinforcing Corrosion
◦ Carbonation Ingress to Initiate Reinforcing Corrosion

Universally accepted models do not exist for:
◦ Propagation Damage of Corrosion from Chlorides & 

Carbonation
◦ ASR, DEF, Freeze-Thaw Scaling, Sulfate Attack, Abrasion, etc.



Deterioration Model / Limit States



Deterioration Model for Chloride Ingress 
– Fick’s 2nd Law of Diffusion

Red – Environmental Loading
◦ Co & Cs are the Chloride Background and Surface Concentrations
◦ Treal is the Annual Mean Temperature at the project site

Green – Material Resistance
◦ DRCM,0 is the Chloride Migration Coefficient, α is the Aging Exponent, both are 

functions of the concrete mix (W/C ratio, SCMs)
◦ a is the Concrete Cover

Ccrit ≥ C x = a, t = 𝐂𝐨+ (𝐂𝐬,𝚫𝐱− 𝐂𝐨) ∙ 1 − erf
𝐚 − Δx

2 Dapp, C
∙ t

Dapp,C = ke ∙ 𝐃𝐑𝐂𝐌,𝟎 ∙ kt ∙ A(t)

A t =
to
t

𝛂



Chloride Migration
Coefficient Test



Service Life Designed Structures 
Confederation Bridge, Canada – 1997 (100 years)

Great Belt Bridge, Denmark – 1998 (100 years)



Service Life Designed Structures
Gateway Bridge, Brisbane – 2010 (300 years)



Service Life Designed Structures 
Ohio River Bridge, KY – 2016 (100 years)

Tappan Zee Bridge, NY – 2018 (100 years)



Goals – Service Life Design Specifications
Define the Owner’s Expectations

Provide a Common Set of Criteria to Evaluate Proposals

Prescriptive Enough
◦ Defines the Design Guides/Codes to be followed
◦ Defines the Key Environmental Loading and Durability Resistance 

Parameters to be met

Flexible Enough
◦ Allows the Contractor ability to innovate (by selecting materials & 

details)



Service Life Design Process –
Defines RFP Requirements
Select Design Guide & Strategies (Avoidance, Full Probabilistic, etc.)

Select a Level of Reliability (for Full Probabilistic Strategies)

Identify Environmental Exposure Parameters

Select a Deterioration Limit State by Component
◦ (Corrosion initiation, cracking, spalling, loss of section)

Select an Expected Service Life Duration
◦ Main Structural Components (Without major maintenance / rehabilitation)
◦ Replaceable Components (Joints, bearings, railings, overlays, etc.)

Specify Durability Testing Requirements during Construction



What Owner’s Should Be Aware Of
100 Year Service Life Design is a popular phrase branded by 
the bridge community (FHWA, NCHRP, SHRP2, DOTs)

100 Year Service Life is a lofty goal that is being specified 
before its process is fully defined in the industry

There is no current AASHTO standard for 100 Year Service 
Life Design

Specifying a 100 Year Service Life in a Design/Build RFP 
requires detailed definition



Common Specification Oversights
Asking the Contractor to
◦ State what Service Life Duration they are providing, or

◦ State the level of Reliability achieved

Requiring Full-Probabilistic approach with inadequate definition of 
Limit State or Level of Reliability

Requiring the use of Proprietary Software that may not be based on 
universally accepted deterioration models or methodologies



Example RFP
- Insufficient Requirements
Project special provisions contained one reference to Service Life

No specifics for:
◦ Design Guide/Strategy or Level of Reliability

◦ Environmental Exposure or Deterioration Limit

◦ Concrete Durability Tests



Example RFP - Columbia River Crossing
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Example RFP - Columbia River Crossing



Summary – Expectations of an RFP for 
Service Life in Design/Build Projects
Owner Provides a Performance Specification, including:
◦ Design Guide Specification to be used

◦ fib Bulletin 34, fib 2010 Model Code, ISO 16204

◦ Expected Structure Life Duration
◦ for Main Structural Components (75, 100, 125, or more years)
◦ for Replaceable Components (expansion joints, bearings, overlays, etc.)

◦ Deterioration Mechanisms to be addressed
◦ Chloride Ingress, Carbonation, ASR, DEF, Abrasion, etc.

◦ Design Strategies to be used for each Deterioration Mechanism
◦ Avoidance, Full Probabilistic, Deemed to Satisfy, etc.



Summary – Expectations of an RFP for 
Service Life Design
◦ For Full Probabilistic Strategies

◦ Acceptable Mathematical Deterioration Models

◦ Environmental Exposure Design Criteria (e.g., Surface Chloride Concentration)
◦ Definition of End of Service Life and Deterioration Limit State

◦ Initiation of Corrosion, cracking, spalling, etc.
◦ Level of Reliability

◦ % Probability of Achieving No Corrosion at End of Service Life
◦ 90% or Reliability Index, β = 1.3

◦ For Avoidance and Deemed to Satisfy Strategies
◦ List of Acceptable Materials and their Specifications
◦ And corresponding Concrete Cover Dimensions



“The American Segmental Bridge Institute (ASBI) has met the standards and
requirements of the Registered Continuing Education Program. Credit earned
on completion of this programwill be reported to RCEP at RCEP.net. A certificate
of completion will be issued to each participant. As such, it does not include
content thatmay be deemed or construed to be an approval or endorsement by
the RCEP.”



Purpose and Learning Objectives

Purpose

The Convention provides an educational forum to learn new techniques used
in successful projects, lessons learned from development projects, and
showcases a case study allowing for discussion of the project.

Learning Objectives

At the end of this presentation you will:

Be Knowledgeable About Planning, Design, and Segmental Construction

Learn About Post-Tensioning Durability

Hear About Inspection and Evaluation



Thank you for your time!

This concludes the educational content of this activity

Mike Bartholomew, P.E. mbarthol@ch2m.com


