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Executive Summary 
Durability design, as a framework for the construction of building structures to achieve an intentionally 

specified service life, is not well understood or comprehensively documented within the guides, standards 

and Codes developed by ACI.  Globally, ACI 318 is the most commonly used code for design of new 

concrete structures.  Use of ACI 318 for design of new concrete structures will result in concrete structural 

designs that can be economically constructed and have adequate strength to resist design 

loads.  However, concerns exist about the effectiveness of the durability provisions in ACI 318 to produce 

structures that will perform successfully in aggressive environments and achieve longer term design 

service lives (i.e., the period of time before major repair or rehabilitation is necessary).  These concerns 

were voiced by US practitioners that regularly use ACI 318, and people familiar with both ACI 318 and 

global design codes.  To examine how ACI documents compare to globally developed codes, standards 

and guides, a literature review was completed that examined the durability provisions contained in over 

50 documents.   

The overall impression from this literature review was, compared to global codes and standards, the 

durability provisions in ACI 318 do not approach durability in an integrated or systematic manner.  Further, 

ACI 318 does not address concepts of design service life, future repairs, and maintenance of concrete 

structures.  The ACI 318 approach to durability is limited to prescriptive requirements for concrete 

materials based upon exposure and cover requirements to provide for durability.  Other ACI documents, 

and ACI documents the authors understand to be in development, address durability and design service 

life in a more integrated and comprehensive manner.  These documents are not integrated with ACI 318, 

and therefore the information contained in the documents is unlikely to reach most US design 

professionals. 

Globally, other nations, regions and institutions have produced both consensus standards and best 

practice guides for both new and existing structures with both performance and prescriptive-based 

durability and service life requirements.  Common features contained in the global codes, standards and 

guidelines include consideration of the design service life as a part of the design process, service life 

modeling, consideration of concrete cracking (spacing and width) in design, and more comprehensive 

concrete material performance requirements for concrete exposed to aggressive environments or 

structures with an extended design service life.  Many of the global documents also integrated future 

repair and maintenance requirements into structural design codes.  ACI 562 can be considered ACI 318’s 

counterpart in this respect, however, harmonization of the two Codes is limited. 

To maintain the long-standing prominence of ACI as the global leader in the development of concrete-

based knowledge, development of consensus guides and standards for durability design is 

essential.  These documents can be developed within the framework of current ACI committees or by 

dedicated task groups.  Critical documents include development of a planning guide for durability design 

and standards for durability design and service life modeling.   

The investigators acknowledge the generous financial support of the American Concrete Institute 

Foundation (ACIF) and technical guidance received via the Advisory Panel.  
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1 Introduction 

1.1 Background 
Durability design, a systematic process for design, construction, repair and maintenance of concrete 

structures, is currently not well captured in documents developed by ACI. Numerous ACI technical 

documents include specific requirements for durability, in both new and existing construction. However, 

there is not a harmonized approach within ACI documents for design and construction methods to be 

durable for a specific service life in new or existing construction.  

Outside the US, International Codes and standards are perceived to have achieved consensus in basic 

durability design concepts for simple structures and options for more sophisticated structures. However, 

it is not clear the extent to which durability design is implemented, its ease of use by design professionals 

and Owners, or whether it is a successful effort in producing better structures. This report examines global 

practice in durability design and provides recommendations for further development of ACI Codes and 

standards. 

1.2 Investigative Program 

1.2.1 Approach 

Key documents from multiple global sources were initially identified for this project, and pertinent details 

are listed in Table 4.1. These include the most recent versions of: 

• ACI documents: 

o ACI 201 – Guide to Durable Concrete 

o ACI 222 – Protection of Metals in Concrete Against Corrosion 

o ACI 301 – Specifications for Structural Concrete 

o ACI 318 – Building Code Requirements for Structural Concrete and Commentary 

o ACI 350.4R – Design Considerations for Environmental Engineering Concrete Structures 

o ACI 350.5 – Specifications for Environmental Concrete Structures 

o ACI 350.6 – Code Requirements for Environmental Engineering Concrete Structures 

o ACI 357 – Guide for Design and Construction of Waterfront and Coastal Concrete Marine 

Structures 

o ACI 362.1R – Guide for the Design and Construction of Durable Concrete Parking 

Structures 

o ACI 365.1R – Report on Service-Life Prediction 

o ACI 562 – Code Requirements for Assessment, Repair, and Rehabilitation of Existing 

Concrete Structures and Commentary 

• Australian Standards (Standards Australia) + Relevant guides (Concrete Institute of Australia): 

o AS-3600 – Concrete structures 

o CIA Z7/01-2014 –Durability Planning 

o CIA Z7/04-2014—Good Practice through Design, Concrete Supply, and Construction 

o CIA Z7/06-2017 –Durability, Concrete Cracking and Crack Control 

o CIA Z7/07—2015—Performance Tests to Assess Concrete Durability 
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• Canadian standards: 

o CSA A23.1-14/A23.2-14 – Concrete materials and methods of concrete 

construction/Test methods and standard practices for concrete 

o National Building Code of Canada  

 Note:  this document does not contain materials-specific durability provisions 

for concrete and was not considered further. 

• Chinese standards 

o GB/T 50476 – Code for Durability Design of Concrete Structures 

• European standards and documents: 

o EN 206:2013+A1 -- Concrete - Specification, performance, production and conformity-

2000 

o EN 1990:2002 + A1 – Eurocode-Basis of Structural Design 

o EN 1992-1-2004 – Design of concrete structures – Part 1-1: General rules and rules for 

buildings 

• fib (International Federation for Structural Concrete) 

o fib Model Code for Concrete Structures 2010 

o fib Bulletin No. 34 – Model Code for Service Life Design 

o Available documents describing Model Code for Concrete Structures 2020 (under 

development) 

 Note:  None were encountered over the course of this investigation, and 

therefore, none were considered. 

• ISO 

o ISO 13823 – General principles on the design of structures for durability 

o ISO 15686, Parts 1 through 11– Buildings and Constructed Assets, Service Life Planning 

o ISO 16204—Durability—Service Life Design of Concrete Structures 

o ISO 16311, Parts 1 through 4 – Maintenance and repair of concrete structures 

o ISO 19338 – Performance and assessment requirements for design standards on 

structural concrete 

• Japanese standards and documents: 

o JSCE guidelines no. 15 (07) – Standard Specifications for Concrete Structures “Design” 

o JSCE guidelines no. 16 (07) – Standard Specifications for Concrete Structures “Materials 

and Construction” 

• Other documents: 

o US Bureau of Reclamation Concrete Manual (81) 

o Unified Facilities Guide Specifications 

o PIANC (The World Association for Waterborne Transport Infrastructure) guidelines 

o PIANC MarCom report 162 - Recommendations for Increased Durability and Service Life 

of New Marine Concrete Infrastructure.  

After a review of these documents, additional documents were considered valuable to the process and 

added to the research: 
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• American Association of State Highway and Transportation Officials (AASHTO) 

o AASHTO LFRD Bridge Design specifications, 8th edition (2017) 

• Canadian Standards: 

o CSA S413 Parking Structures 

o CSA S448.1 Repair of Reinforced Concrete in Buildings and Parking Structures 

o CSA A23.3 Design of Concrete Structures 

o CSA A23.4 Precast Concrete 

• Vietnamese construction standard: 

o TCVDVN 318:2004 Concrete and Reinforced Concrete Structures, Guide to Maintenance 

Our general process for every document was to review and document the following: 

o Type of structures covered; 

o Summary of the approach used; 

o Type of approach (prescriptive vs performance specifications); 

o Definition of exposure classes; 

o Definition of exposure zones; 

o Durability criteria; 

o Service-life expectations or requirements; 

Our intent is to document aspects of the reviewed documents that should be considered as a valuable 

basis for a future ACI durability Code, or Code provisions in the existing Codes.  

To supplement the review of global codes and standards, common durability and service life terminology 

from all reviewed documents was collected and summarized in Appendix A, brief summaries of the 

reviewed documents were placed in Appendix B, and interviews were conducted with both Code 

developers and end users of some of the Codes (academics, design professionals, concrete producers). 

Given the candor of some of the commentary and the limited number of respondents, anonymity was 

granted by the investigators when requested.  A summary of the feedback to date is included in Appendix 

C. 

Exclusions: This research was not intended to research and document how global entities address 

robustness or resilience, response to extreme events, or non-linear analysis/global resistance approaches 

for safety assessment.  

1.2.2 Project Goal 

As ACI moves forward with the creation of the next-generation of design Codes, a review of international 

design Codes and standards that address durability design is warranted to help ACI develop the best 

possible documents. The review of international Codes was intended to develop an understanding of how 

durability design is approached internationally and, based upon discussions with the developers and users 

of international Codes, develop an understanding of the ways these Codes have changed practice. The 

review will allow for recommendations to enhance ACI Codes to be developed from successful 

international practice. 
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1.2.3 Project Team  

This investigative team includes experienced and qualified experts in concrete durability, service life 

prediction, building Codes, structural engineering, professional standards of care, design, and 

international standardization. All team members are experts in ACI Codes development and the Code 

adoption process for buildings.  

1.2.4 Attribution, Copyright, and Disclaimer Statements 

The investigators are grateful for the financial support of the American Concrete Institute Foundation 

(ACIF) and technical guidance via the Advisory Panel. CVM and PIVOT retain all rights to the completed 

report. This report and publications discussed are intended solely for information purposes and are not 

to be construed, under any circumstances, by implication or otherwise, as an endorsement or criticism of 

a given Code, standard, report, guide, or other document discussed herein.  

2 General Concepts for Codes, Standards, Reports, and 

Guidelines 

2.1 General 
A building Code is a set of rules that specify the minimum requirements for construction and operation of 

buildings and nonbuilding structures. Codes are designed to provide minimum requirements for 

structures to ensure public safety, health, and general welfare, and are usually drafted with the 

expectation of being adopted by a regulatory agency. Code language is mandatory, and represents 

industry standard practice and standard of care, and, if adopted and enforced by an appropriate 

government or private authority, becomes law. Codes are drafted primarily for use by design 

professionals, contractors, and regulators (Code officials). 

In the United States, the most widely adopted general building Codes are the International Code Council 

(ICC) Codes. Distinct general building Codes are developed for different areas of practice, for example 

International Building Code (IBC), International Existing Building Code (IEBC), International Fire Code (IFC), 

and International Mechanical Code (IMC), addressing various aspects associated with distinct areas of 

practice and whether the structure is new or existing. However, these Codes typically summarize generic 

requirements, and for structural construction materials like steel or concrete, these Codes rely upon allied 

technical standards institutes to provide detailed material-specific design requirements. For example, the 

American Institute of Steel Construction (AISC) provides steel requirements, while the American Concrete 

Institute (ACI) provides concrete requirements. 

Specific to concrete, a model building Code is developed and maintained by a standards organization 

independent of the jurisdiction responsible for enacting the building Code. A general building Code or 

enforcing agency can choose to adopt a model building Code as their own. By adopting a model Code, it 

becomes an operational Code and enforcement agencies can enforce a technically sound Code without 

the associated expense and expertise required to develop their own Code. Examples of model Codes for 

concrete include ACI 318, ACI 562, EUROCODE 2, and the 2010 Code developed by the International 

Federation for Structural Concrete (fib), however, fib’s Code remains as model Code, while the former 

have been adopted in multiple jurisdictions. 
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A technical standard is an established norm or requirement for technical systems, usually written by a 

standards body using a consensus process. It is a formal document that establishes uniform engineering 

or technical criteria, methods, processes, and practices and is directed toward a technical reader. 

Technical standards are drafted to limit the scope of interpretation, often written in mandatory language 

with references only to mandatory-language documents.  

The standardization process can result in several different types of standards, for example, standard 

specifications, test methods or operating procedures. The standardization process may be by edict or may 

involve the formal consensus of technical experts and is usually approved by a standards institute. 

Standards institutes develop the consensus process by which standards are developed. In the United 

States, many technical standards are developed in accordance with the requirements of the American 

National Standards Institute (ANSI). Other countries have their own similar standards bodies governing 

their standardization process, but not necessarily producing standards for their internal use. Instead, they 

adopt or modify other national standards for use in their country. 

A technical guide summarizes and provides recommendations for varied aspects of a project, such as 

analysis, design, evaluation, or testing. Technical guides often present pertinent examples or case studies 

and are commonly drafted in nonmandatory language. A technical report provides targeted, technical 

information on a specific area of practice. Reports can include research results or a review of best-practice 

methods to represent the current knowledge on a particular topic. Reports are drafted in nonmandatory 

language and may include recommended action but are not typically enforceable. 

Within any Code, standard, report or guide, terminology with precise, concise definitions allows a 

technical reader to understand how to interpret requirements or guidance unambiguously. If terminology 

is harmonized and standardized across a family of documents, the resulting network of documents can be 

considered a knowledge base, and facilitates refinement of existing documents, development of new 

work, and communication amongst technical readers. 

2.2 International Codes  

2.2.1 General 

International Codes, by definition, are those that are intentionally developed and adopted in more than 

one nation or region, globally. The framework of such Codes can be complex, and for concrete structures, 

may require other technical standards to be developed in mandatory language and be referenced to 

provide more detail in regional loads and load combinations, materials, production requirements, and 

conformance.  

2.2.2 ACI 318 & ACI 562 

ACI 318 and ACI 562 were designed to function as stand-alone model Codes or be adopted into a general 

building Code. ACI 318 and ACI 562 were intended to have transparent, easily interpreted provisions for 

design professionals and building Code officials. ACI 318 and ACI 562 are legally enforceable (when 

adopted) and represent a standard of care for design or repair of concrete structures, respectively. Formal 

translations into languages other than English has extended the use of these documents globally. 

Treatment of durability within these two documents varies. ACI 318 primarily provides prescriptive means 
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by which a design professional can address the effects of defined “exposure classes”, which are defined 

by the expected degree of intensity of environmental actions. Most of the durability requirements within 

ACI 562 are considerations, rather than specific requirements, due to the myriad conditions encountered 

with existing structures. When used outside the United States, referenced standards are either 

maintained (e.g., ASTM) or other local standards are substituted.  

2.2.3 Eurocodes 

The Eurocodes represent multi-nation umbrella Code standards which are adopted as national Codes to 

stimulate trade and free markets within the European Union and to facilitate common engineering and 

design practices. Nations tailor the umbrella Codes using National annexes to the main document. The 

primary audience is the practicing engineer and this framework values ease of use. Prescriptive, “deem-

to-satisfy” approach or performance-oriented methods are permitted. Environmental actions are defined 

into classes and degrees of intensity according to anticipated deterioration mechanisms. Eurocodes 

require that durability provisions be included in structural design, and working life, or “design service life”, 

is encoded. Separate EN or ISO standards are referenced to provide additional technical detail. 

2.2.4 fib Model Code 2010 

As of fib Model Code for Concrete Structures 2010, this model Code is envisioned to provide nations with 

the existing knowledge base for designing concrete structures, but also ideas for new design requirements 

and achieving optimal behavior for both the structure and materials, representing the state-of-the-art in 

theory and practice. It is an international model Code updated every 10 years with increasing focus on the 

“significance of design criteria for durability and sustainability.” This Code is intended to provide the 

background information for operational Codes for regions and nations in the form of best practices and 

recommendations and is not presented in a manner that could be legally applied by Building Code officials 

or design professionals (i.e., not written in mandatory language).  

2.3 International Standards 

2.3.1 ASTM 

ASTM International (formerly, American Society for Testing and Materials) provides consensus technical 

standards, including standards for cementitious material testing and specifications. 

2.3.2 EN 

EN standards provide standardized guidance for material testing and specifications and are maintained 

by the European Committee for Standardization (CEN), European Committee for Electrotechnical 

Standardization (CENELEC) and European Telecommunications Standards Institute (ETSI). 

2.3.3 ISO 

International Standards Organization (ISO) provides extensive technical standards on testing and 

specifications, including standards for cementitious material testing and specifications, service life 

prediction, new concrete design, and repair and maintenance of concrete structures.  
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2.4 National or Regional Codes & Standards 

2.4.1 Australia + CIA (AS) 

Australian Standard AS 3600 provides standardized prescriptive guidance on design of plain, reinforced, 

and prestressed concrete structures along with performance criteria of the designed structures. 

Accompanying consensus standards for testing and specification are provided by Concrete Institute of 

Australia (CIA). 

2.4.2 Canada + CSA 

The CSA A23 series by the Canadian Standards Association provides requirements for design and strength 

evaluation of plain, reinforced, and prestressed concrete elements primarily within building structures 

and special structures, including blast-resistant structures. Requirements for materials and construction 

methods (A23.1), standardized testing methods (A23.2), and design provisions (A23.3 and A23.4) are 

collectively covered within the scope of the standard A23. Parking structures are covered in CSA S413. 

Repair of buildings and parking structures is covered in CSA S448.1, and CSA S478 addresses durability of 

buildings from a structures (design) viewpoint. 

2.4.3 China 

Initiated in 2000 and completed in 2008, GB/T 50476 Code for Durability Design of Concrete Structures 

addresses specific requirements for durability design of Chinese structures and commentary regarding 

the genesis of this Code and its provisions is included in Li’s book (1). Public structures (e.g., tunnels, 

bridges, typical buildings) constructed with normalweight concrete are within its scope, while special 

structures and concretes are excluded. 

2.4.4 Japan 

A suite of standard specifications developed by the Japan Society of Civil Engineers (English translation) 

to address the material and construction (JSCE 16), design (JSCE 15) and maintenance (JSCE 17) aspects of 

civil concrete structures. Design with plain concrete is not considered in these standards. 

2.5 National or Regional Guidelines, Reports, and Specifications 

2.5.1 General ACI, AS, CIA, ISO, etc. companion documents 

Additional, more detailed guidance documents are prepared to inform the design engineer, producer, or 

user in a range of topics, including specification of concrete. These can be stand-alone or directly related 

to a given Code or standard.  

2.5.2 PIANC 

The Recommendations for Increased Durability and Service Life of New Marine Concrete Infrastructure 

by a Maritime Navigation Commission working group provides recommendations on good practices aimed 

at owners and design professionals of marine concrete infrastructure. Guidance on condition assessment, 

preventive maintenance and repairs of marine concrete structures is included within the scope of this 

document. 
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2.5.3 United Facilities Guide 

UFGS-03 31 29 prepared by the United States Navy’s Naval Facilities Engineering Command (NAVFAC) 

provides requirements for reinforced concrete structures exposed to marine, chloride environments with 

a defined service life. 

2.5.4 US Bureau of Reclamation 

US Bureau of Reclamation has a manual compiling concrete basics and advancements in concrete 

technology and construction to facilitate construction administration and successful concrete work. 

 

3 General Concepts & Terminology for Durability Design 

and Service Life 

3.1 General 
Concrete is the most used construction material, worldwide. Well-made concrete has been the subject of 

innumerable technical documents, and provides long-lasting, useful and aesthetically pleasing structures, 

for good economic value. Figure 3.1 illustrates some of the conventional thinking regarding “good, 

uniform” concrete. How durable structures are achieved depends upon design, construction, and 

operational management.  
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Figure 3.1 Overview of "principal properties of good concrete" from US Dept of Interior, Bureau of 

Reclamation, Concrete Manual, Figure 1. 
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3.2 Defining Long-Term Performance 
Most structures are not built to be temporary and are expected to provide decades of service for their 

Owners. Individual definitions of “long-term” can vary, but usually indicates decades of service, in the 40-

60 years range for buildings, and a minimum of 75 years for infrastructure. Design loads for building 

structures, in US practice, are commonly based upon a return period of 50 years for gravity and wind 

loads, while current US bridge design practice is based upon a 75-year return period for vehicular loads. 

However, loading is just one action that must be resisted by a structure; a structure’s ability to resist loads 

does not constitute long-term performance. Long-term performance begins in the design and 

construction phase of the project, and implicit in defining the expected service life of a structure is that 

some level of maintenance and repair will be required. Figure 3.2 illustrates the key characteristics that 

are understood to lead to long-term performance: strength (3.2.1), serviceability (3.2.2), and durability 

(3.2.3). While the primary focus of this document is durability, a durable structure should also meet 

strength and serviceability requirements. 

 

Figure 3.2 Successful harmonization of strength, durability and serviceability permits long-term 

performance.  

3.2.1 Strength 

Structures must be designed and constructed to support themselves and any imposed loads. Without 

sufficient strength, a structure will never see service, much less long-term performance. Strength is the 

primary consideration in most structural designs, and most of the content of Codes such as ACI 318 and 

ACI 562 is devoted to strength. However, strength alone cannot achieve long-term performance. Strength, 

serviceability and durability are interrelated. A structure designed to have adequate strength might not 

have sufficient durability or serviceability to achieve its design service life. 

Numerous considerations in structural design and detailing impact durability and serviceability. These 

include member continuity, joint location, joint spacing, expected cracking as a function of reinforcement 

details, potential crack control as a result of prestressing, and other factors. These details can easily be 

overlooked, yet they are often the first locations in which deterioration is observed. The reviewed 

technical documents provide guidance on structural design and detailing. For example, Australian CIA 

Z7/04 provides an entire document that outlines best practices, including trickier structural details that 
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affect durability. Durability considerations also impact strength. Deterioration such as corrosion, sulfate 

attack, and ASR can affect the structural integrity of concrete structures.  

3.2.2 Serviceability 

Serviceability of a structure can be defined in many ways, using many different metrics. Serviceability can 

be loosely defined as the assessment of performance from a user point of view, affecting efficient use of 

a structure. Serviceability includes aesthetics, deflections, vibrations, and watertightness, and 

serviceability considerations can be temporary, intermittent, and lead to failure. Numerous types of 

serviceability issues, such as significant cracking (excessive deflections or lower than expected stiffness), 

can contribute to a lack of durability. In addition, similar to strength, durability considerations affect 

serviceability as well. Spalling due to corrosion or excessive cracking due to ASR can lead to a structure 

that is no longer serviceable. Issues such as improper drainage can affect both durability and serviceability. 

3.2.3 Durability 

Broadly, durability is the ability of a material or structure to survive in a service environment for a defined 

period of time. Industry definitions of durability often make some mention of both strength and 

serviceability, reflecting the aforementioned relationship between the three. Often, a deficiency in one 

can lead to a deficiency in the other two. For example, consider a parking structure with improper 

drainage. Initially, the ponding is primarily a serviceability concern. However, over time, this ponding can 

lead to corrosion, primarily a durability concern. Accelerated corrosion can lead to increased cracking, 

both a durability and a serviceability concern, as well as, ultimately, a loss in strength. There are myriad 

ways in which strength, serviceability, and durability may affect long-term performance. Without 

durability, a structure will never meet strength and serviceability requirements for the expected service 

life.  

Durability, at the foundation of durability design, can be an elusive concept, but is defined internationally 

as, “Ability of a structure and its component members to perform the functions for which they have been 

designed, over a specified period of time, when exposed to their environment” (AS 3600), which is roughly 

similar to ACI 562’s, “ability of a material or structure to resist weathering action, chemical attack, 

abrasion, and other conditions of service and maintain serviceability over a specified time or service life.” 

The definitions require a minimum performance for a period of time, and this can be assigned to the 

“design service life”, described in Section 3.2.6. 

3.2.4 Measuring and Verifying Performance & Reliability 

Measurement and verification of performance and reliability is a well-established concept for strength 

and serviceability. Compressive strength testing is the most common way in which strength of concrete 

structures is measured and verified. Similarly, various testing methods exist for measuring and verifying 

different aspects of serviceability, including deflection measurements and floor flatness testing. Reliability 

concepts are often applied to these testing methods. For example, ACI provides guidance on target 

compressive strength such that design compressive strength can reliably be met. Similarly, load factors 

and resistance factors (phi factors) are a codified manifestation of reliability in strength. 

Measurement and verification of durability performance and reliability, on the other hand, is less 

established in concrete codes and standards. While numerous methods for establishing durability 
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performance exist, including measurement of chloride and carbonation fronts and joint sealant testing, 

these methods are often not codified to the extent of strength and serviceability performance. The same 

is true of durability reliability. Many of these durability performance metrics have been in use for decades, 

and it is important to note that if deterioration can be modeled, then reliability concepts can be applied. 

Industry is beginning to do just that, with methods such as probabilistic service life modeling seeing more 

and more use. However, the application of these reliability concepts to durability is typically left to the 

discretion of the design professional. Technical reports provide guidance on application of reliability 

concepts to durability, but concrete codes and standards generally do not provide the same rigorous 

treatment of reliability to durability as they do to strength and serviceability.  

3.2.5 End of service life 

End of service life, in the context of the aforementioned framework for long-term performance, may be 

considered as the moment in time when some aspect of performance (e.g., structural, durability, 

aesthetics) falls below an acceptable threshold due to the deterioration at which time remedial costs or 

efforts are considered too high. Simply put, end of service life is the time at which a structure can no 

longer fulfill its desired function, and intervention measures will no longer be cost effective. While the 

considered definition seems simple on the surface, its implementation is challenging. 

In the context of defining service life for durability, the first challenge arises from the difference in the 

treatment of new and existing structures as well as the difference between conceptual design versus 

design post-assessment. A common industry practice is to adopt a conservative approach in design, 

whether new or existing, and defining service life as a time prior to the manifestation of damage. When 

performing condition assessment and determining whether to intervene, however, it is often the 

consequences of durability performance on strength and serviceability, rather than the durability 

performance itself, by which service life is defined. Determining the end of service life in those situations 

relies on user-defined limit states, rather than design limit states. 

Perhaps the best example of this first challenge in defining end of service life is treatment of corrosion 

due to chlorides. In design, the end of service life is often considered the point at which the chloride ion 

concentration surpasses the initiation threshold and corrosion initiates. However, it may take years for 

this corrosion initiation to manifest itself as physical damage. Furthermore, it may take years for the 

corrosion to propagate to the point where the structure no longer has sufficient strength or has a 

significant loss of function. Realistically, no design professional or Owner would consider a structure at 

the end of its service life when a critical level of chlorides has reached the steel interface, especially when 

repair measures are feasible, yet this is often the approach taken during initial design. 

Another set of challenges in directly addressing the end of service life arises from the subjective nature of 

the threshold acceptable performance. Returning to the example of the reinforced concrete member 

susceptible to chloride-induced corrosion, if corrosion initiation is not an appropriate end of service life, 

then multiple choices for unacceptable performance exist. Corrosion-induced cracking is one of the 

potential threshold limit states while manifestation of spalling may be an alternative limit state as spalling 

creates a potentially unsafe condition. Defining the governing limit state is challenging because of the 

innumerable choices and their associated impact on different structures. Furthermore, many designs are 
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expected to last 50 or more years with the possibility of multiple owners / users over time, adding further 

difficulty for a design professional attempting to assess the needs of users throughout the life of the 

structure. 

The impact of maintenance and repair on length of service life is also significant. Regular maintenance 

decreases the rate at which durability deterioration occurs. Repair at early stages of deterioration can be 

significantly more effective than repair at later stages, as shown in Figure 3.3. However, a design 

professional may not be aware of future plans for maintenance and repair. Furthermore, maintenance 

and repair plans at a particular time are often subject to change in the future. 

In the light of the challenges associated with a standard definition for end of service life, the importance 

of a clear expectation of the end of service life between owners and design professionals is readily 

apparent. Furthermore, a clear expectation of level of maintenance and repair has a significant impact on 

the end of service life. Without a clear expectation for all of these variables, the concept of end of service 

life has little value, and “design service life” is more readily implemented (Section 3.2.6). 

 

Figure 3.3 Schematic representation of relationship between deterioration and time for typical 

structure (2). 

3.2.6 Design (or Working) Service Life 

End of service life concepts are focused upon the time after which a structure is no longer useful or the 

time until the structure hits a critical threshold. However, these concepts can be impractical for managing 

structures in service, as well-timed maintenance and repairs can extend service life indefinitely. 

Moreover, helping Owners understand and compare strategies for managing a structure requires another 

concept of “design service life”, “target design service life”, or “working service life” and this has emerged 

as the preferred terminology in global standards (e.g., AASHTO, ISO, EN, fib, ACI 365.1, ACI 562, etc.).  

Concisely, “design service life” is “period of time specified in design of structure for which a structure or its 

members is to be used for its intended purpose without major repair being necessary” per ISO 16311-1, 
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and this is the general definition across numerous standards per Appendix A. Other definitions also 

mention that it is assumed maintenance will be performed (e.g., EN 206) as well. How this term 

interrelates with other service life concepts is shown in Figure 3.4, but in general, for any structure or 

member that is to be built or repaired, an Owner and design professional would ideally agree upon the 

time period during which no major repairs would be necessary, and only routine maintenance performed.  

Figure 3.4 illustrates the impact of two scenarios, where Repair A might be a smaller effort or lower cost 

and restores a certain level of performance (with maintenance), while Repair B might restore greater 

performance but for a higher cost (or more maintenance). In this example, Repair B provides a longer 

extension in service life than Repair A. In lieu of these repair scenarios, new construction choices could be 

substituted: there could be different materials choices at initial construction, or implementation of 

supplementary protection measures. The more important nuance is that the design professional and 

Owner have a framework for describing the durability of the structure, when the first repairs should be 

expected, and what maintenance will be needed to achieve the design service life. The design professional 

identifies initial design parameters and expected maintenance by the owner to achieve the design service 

life. The design service life concept also allows a design professional to limit their liability once the design 

service life has been met.  
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Figure 3.4 Schematic illustration of Design Service Life and other service life periods (ISO 16311-1, Fig, 

2). 

3.3 Durability Planning & Design 
Durability planning is a process by which design professionals, contractors, and owners incorporate 

durability into design, construction, and maintenance. As such, durability planning is a task that should be 

considered for every stage in the life of a structure:  

• Prior to construction, owners and design professionals work together on durability design. 

Decisions are made regarding the overall plan for durability and design service life, and the 

consequences of design decisions on durability are assessed. For components and assemblies that 

are easier to maintain and repair, perhaps less protection might be provided, but for inaccessible 

or difficult areas to repair, enhanced protection might be considered (e.g., below grade 

foundations, or areas requiring special access). 

• During construction, owners, design professionals, and contractors work together to ensure that 

the designed durability is achieved through proper construction and quality control. In addition, 

these parties work together to correct any deviations from the original durability plan that may 

occur during construction.  

• Finally, after construction is complete, owners are responsible for monitoring and maintenance 

planning and execution. Design professionals (not necessarily the design professional responsible 

for the initial design) may also be involved to advise owners and perform assessment and repair. 

The remainder of this section discusses durability design in more detail. Durability design forms 

the framework for the durability planning conducted throughout the life of the structure. 
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Durability design is a design process undertaken prior to construction or implementation of repairs. It 

considers the overall goals and limitations of the intended project to achieve a durable concrete structure. 

Durability goals should be reflected in all project tiers, beginning with the global structure. For a given 

design service life, environment, and budget, the design professional must ensure that the global 

structure achieves performance at the targeted level. Similarly, structural members must also meet design 

service life goals with specific capacity and durability requirements for individual members. Finally, at the 

lowest tier, structural requirements are translated into materials properties and must consider good 

workmanship and constructability, schematically illustrated in Figure 3.5. Proper quality assurance and 

control requirements are critical. 

 

Figure 3.5 A design process prior to construction examines (A) global structure requirements, (B) 

individual member structural requirements, and (C) materials requirements to achieve structural 

requirements for design service life, adapted from (3). 

After determination of overall project durability goals, much of durability design is focused on translating 

these goals into material requirements. Without durable concrete materials, a concrete structure will 

never achieve the desired service life goals. As discussed in the following sections, it is important for the 

design professional to select a concrete material design methodology and specification format to best 

meet the intended goals of the project. 

A 

B, C 

Retaining Wall 

B, C 

Pile 
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3.3.1 Design Codes – Prescriptive vs. Performance-Based Design 

Design methodologies are separated into two distinct formats: 1) prescriptive and 2) performance-based 

design. Traditionally, the construction industry relied on prescriptive (deemed to satisfy) design to ensure 

that an approved concrete mixture would meet or exceed project requirements for strength and 

durability. Prescriptive design for a concrete mix-design will typically involve specification of a minimum 

cementitious materials content, allowable type(s) of cementitious materials, air-content and chloride 

content based upon exposure conditions. The resulting concrete materials are expected to have sufficient 

durability for the expected exposure.  

In contrast, performance-based design will involve specification of required performance requirements, 

such as compressive strength, and durability parameters such as resistance to chloride penetration and 

freeze-thaw durability. The design professional or material supplier will then develop a concrete mix-

design to satisfy the minimum performance requirements. Performance-based design relies on the design 

professional’s or concrete material supplier’s experience, familiarity with locally available materials, and 

recommended industry standards. With this durability design methodology, the design professional or 

concrete materials supplier selects a concrete mixture and defines its proportions. The specified concrete 

mixture is expected to adequately perform under specific project conditions and to achieve project goals.  

Both prescriptive and performance-based design methodologies will have required testing to confirm 

properties of concrete delivered to a site. Typical on-site testing will include a measure of consistency 

(slump test), air content and compressive strength specimens. Additional testing may be used in a 

performance-based design methodology for confirmation of durability parameters. ACI 318-14 requires 

sampling of fresh concrete for measurement of air content and for compressive strength tests. 

Acceptance of the in-place material is solely based upon compressive strength test results.  

Advances in concrete-making materials and service life modeling and increased demand for enhanced 

concrete durability fueled the recent development of performance-based design in the construction 

industry. With this durability design methodology, the design professional identifies the long-term 

performance requirements necessary to achieve the desired service life. In this way, necessary concrete 

mixture performance requirements such as freeze-thaw resistance, resistivity, permeability, and 

sorptivity are determined directly, rather than assuming that these performance requirements will be met 

if prescriptive requirements are met. Based on the defined criteria, concrete mixture designs are 

developed that meet or exceed the specific performance requirements. 

It is important to note that a design professional may elect to adopt a hybrid design methodology, where 

the design methodology selected for one aspect of durability is prescriptive, while the design 

methodology selected for another aspect of durability is performance-based. In this way, the design 

professional can optimize the durability design by determining performance requirements where 

necessary and relying on prescriptive design where more specific performance requirements are not 

necessary. An example of a hybrid design methodology is a design professional that elects to determine 

rapid chloride permeability testing (RCPT) requirements in accordance with ASTM C1202 for chloride-

induced corrosion resistance but elects to specify a percentage of air entrainment for freeze-thaw 

durability, rather than determining the required resistance to rapid freezing and thawing in accordance 
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with ASTM C666. Alternately, a design professional may utilize different concrete mix designs depending 

upon location in the structure.  

3.3.2 Specification Formats – Prescriptive vs. Performance-Based Specifications 

Similar to durability design methodologies, concrete materials specifications can be prescriptive, 

performance-based, or hybrid. Prescriptive specifications define the requirements for composition and 

proportioning of the materials used in the concrete mixture. Key features of a prescriptive durability 

specification include minimum cementitious material contents and maximum water to cementitious 

materials (w/cm) ratios, among other properties. To confirm adherence to specified mixture proportions, 

prescriptive specifications incorporate quality control requirements for fresh and hardened concrete 

properties. The design professional is responsible for the selection of the target performance of the 

concrete mixture and the confirmation of the suitability of the specified materials and proportions to 

produce a concrete mixture that satisfies intended project goals. The responsibility of the contractor or 

supplier is limited to satisfactory compliance with the prescribed specifications and production of 

consistent concrete batches that satisfy quality control requirements defined by the design professional. 

Durability is then thought to be achieved by previous successful historic experience with these prescriptive 

requirements, but durability is not guaranteed. This approach is appropriate for common applications and 

environments but can be limiting for special applications and more aggressive environments. 

In contrast, performance-based specifications define performance requirements against which concrete 

mixtures are measured. Determination of specific concrete mixture proportions, constituents, and 

construction means and methods is left up to the contractor or material supplier. A performance-based 

durability specification may include requirements for shrinkage, corrosion resistance, freeze-thaw 

resistance, sulfate resistance, or heat of hydration, among other properties. These requirements can also 

serve as quality control measures if they are specified on an ongoing basis. Based on the defined criteria, 

the contractor develops concrete mixture designs that meet or exceed the performance requirements. In 

this specification format, the contractor or supplier is held responsible for the performance and adequacy 

of the concrete used in the project. Thus, it is critical for the design professional to specify appropriate 

quality control measures to ensure that the contractor or supplier is continually meeting performance 

goals. An advantage in this approach is that special applications and environments can leverage the 

concrete producers’ knowledge in addition to the design professional in selecting and evaluating options. 

In addition, it is easier to consider newer materials and innovative options in this framework. 

Hybrid specifications are specifications incorporating both prescriptive and performance-based 

requirements. Most important in development of hybrid specifications is ensuring that the various 

prescriptive and performance-based requirements do not conflict. ACI 132R-14 “Guide for Responsibility 

in Concrete Construction” states: 

The licensed design professional has a responsibility to specify the exposure conditions, concrete 

properties, and any aspects of the constituent materials, placement, and curing plans that will 

materially affect the work. These can be specified by a prescriptive method or by establishing 

performance criteria. The responsibility of the licensed design professional in a combined 
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performance and prescriptive specification is to specify criteria that are consistent, compatible, 

and possible to perform. 

Allocation of responsibilities for concrete mixture performance is difficult when utilizing a hybrid 

specification format. While the contractor or supplier is required to meet performance requirements, 

various prescriptive requirements have myriad effects on fresh and hardened concrete properties. As 

such, care must be taken during development of prescriptive or hybrid specifications to ensure that all 

project goals are met, rather than improving one characteristic to the detriment of others. For example, 

specification of an excessively high cementitious material content and an excessively low w/cm ratio will 

improve durability but can result in concrete mixtures with insufficient workability. Insufficient workability 

can lead to honeycombing, which reduces durability, the very characteristic meant to be improved. 

Ultimately, responsibility of performance must be compatible with the authority to design and adjust 

concrete mixtures. 

Typically, the format of project specifications follows the selected design methodology, though such 

conformity is not necessary. Prior to construction, a design professional may elect to determine 

performance-based requirements to assist in specifying prescriptive requirements for use during 

construction. However, prescriptive durability design will always result in prescriptive concrete mixture 

specifications. 

Prescriptive, performance-based, and hybrid specifications exhibit a number of differences in the overall 

structure, responsibility allocation, and nature of technical requirements. During the durability design 

process, it is imperative that the design professional identifies the specification format and provisions that 

would best meet the project goals. Without an appropriate specification, the most sophisticated durability 

design prior to construction may result in a completed concrete structure that lacks durability. 

Furthermore, selection of the quality control measures and associated limits that will reliably and 

adequately define expected performance is critical for the successful implementation of any specification. 

3.4 Durability Challenges for Concrete Structures 
Concrete is a composite, multi-phase construction material that is produced from a combination of 

manufactured materials (Portland cement and chemical admixtures), processed naturally-occurring 

materials, and water, with industrial by-products / waste products commonly used. Reinforcing steel and 

other reinforcement materials add to the complexity of the durability problem. Durability challenges for 

reinforced concrete structures can originate with the concrete materials, reinforcing steel or from the 

exposure. Deterioration and damage mechanisms are listed in Table 3.1, and specific durability challenges 

to concrete structures include:  

• Concrete changes with time, reacting to its environment and always deteriorating at some rate.  

• Construction materials are constantly improving (or changing), hampering attempts to predict 

service life for new structures or members. Traditional prescriptive specification requirements 

may not assure durability. 

• New environments can change a structure from performing as expected to being deficient. 

• Changing service loads change the performance requirements. 
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o Demands > capacity = unacceptable. 

• Level of maintenance can change the expected service life. 

Table 3.1 - Typical deterioration challenges for structures 

 

MATERIALS STRUCTURAL SYSTEMS 

Corrosion 

• Chloride-induced 

• Carbonation-induced 

Structural overload & cracking 

Freeze-Thaw Damage Unanticipated thermal and moisture gradients 

Leaching Shrinkage and creep 

Salt Crystallization Improper drainage 

Alkali-aggregate reactions  

 

4 Significant Investigative Findings 

4.1 General 
The review of global codes and standards for durability design revealed substantial variations in how 

durability design is approached and implemented. Tables 4.1 to 4.4 present a summary of the documents 

reviewed (4.1) and how the various documents approach durability design (4.2 - 4.4). 

4.2 Terminology 
A review of the collected terms in Appendix A indicates that although there are differences in phrasing or 

scope, global documents and standards generally have consensus about the content and expression of a 

given term, with some exceptions (e.g., service life).  The investigators observed, however, that for many 

of these critical terms there are numerous definition variations used within ACI documents, depending 

upon the focus of the document.  As an example, “service life” is routinely stated within ACI documents 

(ACI 318, ACI 350, etc.), and often is not defined in their terms and definitions list, or there is a reference 

to ACI 365.1, to cover how the term might be interpreted. Global standards, ACI 365.1, and ACI 562 refer 

to “design service life” as this refers to a specific period of time in a particular service environment when 

major repairs are not anticipated.  In contrast, “service life” can mean almost anything.  Imprecise or 

conflicting terminology can lead confusion in document comprehension and problems in Code-

interpretation for design professionals and Code officials.  
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Table 4.1 Brief summary of technical focus area of reviewed documents 

 

Document Year Document Title Region Focus Area1 
Code / Standard/ 

Guideline/ Report 

A23.1-14/A23.2-14 2014 
Concrete materials and methods of concrete construction / Test 

methods and standard practices for concrete 
Canada New Design Standard 

A23.3 2004 Design of Concrete Structures Canada New Design Standard 

A23.4 2016 Precast Concrete – Materials and Construction Canada Design Standard 

AASHTO LRFD Design 2017 LRFD Bridge Design Specifications, 8th edition International New Design Code 

ACI 201.2R 2016 Guide to Durable Concrete 
United 

States 

General 

Durability 
Guideline 

ACI 222R 2001 Protection of Metals in Concrete Against Corrosion 
United 

States 
Corrosion Guideline 

ACI 301 2016 Specifications for Structural Concrete 
United 

States 
Specification Standard 

ACI 318 2014 Building Code Requirements for Structural Concrete International New Design Code 

ACI 350 2006 Code Requirements for Environmental Engineering Concrete Structures 
United 

States 
New Design Code 

ACI 350.4R 2004 
Design Considerations for Environmental Engineering Concrete 

Structures 

United 

States 

Environmental 

Structures 
Guideline 

ACI 350.5 2012 Specifications for Environmental Concrete Structures 
United 

States 
Specification Guideline 

ACI 357.3R 2014 
Guide for Design and Construction of Waterfront and Coastal Concrete 

Marine Structures 

United 

States 

Marine/Coastal 

Structures 
Guideline 

ACI 362.1R 2012 
Guide for the Design and Construction of Durable Concrete Parking 

Structures 

United 

States 

Parking 

Structures 
Guideline 

ACI 365.1R 2017 Report on Service Life Prediction 
United 

States 

Service Life 

Modeling 
Guideline 

ACI 562 2016 
Code Requirements for Assessment, Repair, and Rehabilitation of 

Existing Concrete Structures and Commentary 
International Repair Code 

AS 3600 2018 Concrete Structures Australia Design Code 

CIA Z7/01 2014 Durability Planning Australia 
Durability 

Planning 
Guideline 

CIA Z7/04 2014 Good practice through Design, Concrete Supply and Construction Australia 
General 

Durability 
Guideline 

CIA Z7/06 2017 Concrete Cracking and Crack Control Australia Cracking Guideline 

CIA Z7/07 2015 Performance Tests to Assess Concrete Durability Australia 
Durability 

Testing 
Guideline 
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Document Year Document Title Region Focus Area1 
Code / Standard/ 

Guideline/ Report 

CSA S413 2014 Parking Structures Canada Design Standard 

CSA S448.1 2010 Repair of Reinforced Concrete in Buildings and Parking Structures Canada Repair Standard 

CSA S478 2007 Guideline on Durability of Buildings   Structures (Design) Canada Design Standard 

EN 1990 2002 Eurocode – Basis of structural design Europe Design Code 

EN 1992-1-1 2004 
Eurocode 2: Design of concrete structures – Part 1-1: General rules and 

rules for buildings 
Europe Design Code 

EN 1992-3 2006 
Eurocode 2: Design of concrete structures – Part 3: Liquid retaining and 

containment structures 
Europe Design Code 

EN 206 2013 Concrete – Specification, performance, production and conformity Europe Specification Standard 

fib MC2010 2010 Model Code for Concrete Structures 2010 International Design Code 

fib Bulletin No. 34 2006 Model Code for Service Life Design International 
Service Life-

based Design 
Code 

GB/T 50476 2008 Code for Durability Design of Concrete Structures2 China Design Code 

ISO 13823 2008 General principles on the design of structures for durability International Design Standard 

ISO 15686 
2008-

2017 
Buildings and constructed assets – Service life planning International Service Life Standard 

ISO 16204 2012 Durability – Service life design of concrete structures International Design Standard 

ISO 16311-1 through -4 2014 Maintenance and repair of concrete structures International Repair Standard 

ISO 19338 2014 
Performance and assessment requirements for design standards on 

structural concrete 
International 

Code 

Evaluation 
Standard 

JSCE Guidelines for Concrete No. 

15 
2007 Standard Specifications for Concrete Structures – 2007 “Design” Japan Design Standard 

JSCE Guidelines for Concrete No. 

16 
2007 

Standard Specifications for Concrete Structures – 2007 “Materials and 

Construction” 
Japan Specification Standard 

MarCom WG 162 2016 
Recommendations for Increased Durability and Service Life of New 

Marine Concrete Infrastructure 
International 

Marine/Coastal 

Structures 
Guideline 

TCVDVN 318 2004 Concrete and Reinforced Concrete Structures, Guide to Maintenance Vietnam Maintenance Standard 

UFGS-03 31 29 2012 Unified Facilities Guide Specifications 
United 

States 

Marine/Coastal 

Structures 
Standard 

USBR Concrete Manual 1981 US Bureau of Reclamation Concrete Manual 
United 

States 

Water 

Infrastructure 
Guideline 

1) 
A Focus Area of “Design” indicates that the document applies to new and existing structures, while “New Design” and “Repair” indicate that the document applies to new and existing 

structures, respectively. 

2) A non-official English translation of this Code was reviewed, in concert with summaries of content contained in (1). 
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Table 4.2 Durability requirements within Codes and specifications 

 

Document 
Prescriptive, Performance-based, or 

Hybrid 
f’c 

w/cm 

Ratio 

Concrete 

Cover 

Cementitious 

Materials 

Content 

Air 

Content 

Cement 

Type 

Chloride 

Content 

Limits 

Performance 

Requirements 

A23.1/A23.2 

Typically prescriptive but allows all 

prescriptive requirements to be superseded 

by performance requirements. 

Yes Yes Yes No Yes Yes Yes 

A23.2-23C Testing 

(RCPT) for concrete 

classes C-XL, A-XL, C-1, 

and A-1. 

A23.3 
N/A – References other A23 documents for 

durability requirements 
- - - - - - - - 

A23.4 

N/A – references A23.1 for mix 

proportions/durability and A23.3 for 

structural design 

- - 

Yes, as it 

is 

reduced 

from cast-

in-place 

concrete. 

- - - - References A23.1 

AASHTO 

LRFD Design 

Typically prescriptive, with some 

performance classes 
Yes Yes Yes Yes Yes 

Yes, by 

reference 

to other 

AASHTO 

stds 

Yes, by 

reference 

to other 

AASHTO 

stds 

As specified by user 

ACI 301 
N/A – Specification relying upon prescriptive 

requirements from design professional. 
- - - - - - - - 

ACI 318 
Prescriptive, with select provisions 

containing performance alternatives 
Yes Yes Yes Yes Yes Yes Yes 

ASTM C1012 in lieu of 

sulfate exposure 

cement type 

restrictions. 

ACI 350 
Based upon ACI 318 with changes related to 

environmental structures. 
Yes Yes Yes Yes Yes Yes Yes  

ACI 350.5 
N/A – Specification relying upon prescriptive 

requirements from design professional 
- - - - - - - - 

ACI 562 

Performance-based, relying upon 

characteristics of existing structure and 

design professional requirements 

NA NA NA NA NA NA NA 

Design for durability 

shall consider the 

repair area, 

surrounding concrete 

and the interaction of 

the repair with the 

surrounding structure. 
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Document 
Prescriptive, Performance-based, or 

Hybrid 
f’c 

w/cm 

Ratio 

Concrete 

Cover 

Cementitious 

Materials 

Content 

Air 

Content 

Cement 

Type 

Chloride 

Content 

Limits 

Performance 

Requirements 

AS-3600 

Typically prescriptive but allows for one 

concrete class to be entirely performance-

based 

Yes No Yes No Yes No Yes 

Class U concrete 

properties are 

specified by the user 

“to ensure durability 

under the particular 

exposure 

environment.” 

CSA S413 
Hybrid – references A23 documents with 

some modifications 
Yes Yes Yes No Yes Yes Yes 

A23.2-23C Testing 

(RCPT) for concrete 

classes C-XL, A-XL, C-1, 

and A-1. 

CSA S448.1 
N/A – References A23 documents for 

durability requirements 
- - - - - - - - 

CSA S478 

N/A – references A23 documents for 

specific materials and systems. This is a 

building standard, not specific to concrete. 

- - - - - - - - 

EN 1990 

N/A – Umbrella Code for all structural 

materials. Requires that durability be 

considered but refers to EN 1992 through 

EN 1999 for specific recommendations 

- - - - - - - - 

EN 1992-1-1 

N/A – Umbrella concrete requirements and 

discusses general framework of how 

durability should be treated but refers to EN 

206 for more specific methods. 

- - - - - - - - 

EN 1992-3 N/A – Liquid containment structures specific  - - - - - - - 

Adds additional 

requirement to EN 

1992-1-1 that abrasion 

should be considered 

EN 206 

Hybrid – allows for entirely prescriptive or 

entirely performance-based concrete 

classes 

Yes Yes No Yes Yes Yes Yes 

No specific 

requirements or 

methods listed. 

fib MC2010 

Hybrid—allows entirely prescriptive or 

entirely performance-based concrete 

classes 

Yes Yes Yes Yes Yes Yes Yes 

No specific 

requirements or 

methods listed. 

GB/T 50476 Prescriptive Yes Yes Yes Yes Yes -- Yes -- 
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Document 
Prescriptive, Performance-based, or 

Hybrid 
f’c 

w/cm 

Ratio 

Concrete 

Cover 

Cementitious 

Materials 

Content 

Air 

Content 

Cement 

Type 

Chloride 

Content 

Limits 

Performance 

Requirements 

JSCE 

Guidelines 

for 

Concrete 

No. 15 

Performance limit states, with informative 

prescriptive means by which the 

performance requirements can be met 

No No No No No No No 

All durability 

requirements are 

performance-based. 

JSCE 

Guidelines 

for 

Concrete 

No. 16 

Performance limit states, with informative 

prescriptive means by which the 

performance requirements can be met 

No 
Max. 

0.65 
No No 

Limited to 

assume air-

entrainment 

No 

Limited 

to max. 

0.3 kg/m3 

All durability 

requirements are 

performance-based, 

with limited max 

requirements. 

TCVDVN 

318 

Performance-based, relying upon 

characteristics of existing structure and 

design professional requirements 

NA NA NA NA NA NA NA 

Design for durability 

shall consider the 

repair area, 

surrounding concrete 

and the interaction of 

the repair with the 

surrounding structure. 

UFGS-03 31 

29 

Specification with some prescriptive and 

performance-based requirements. 
No No No No No No Yes 

Includes drying 

shrinkage and freeze-

thaw requirements, 

and requires durability 

modeling by 

proprietary software. 
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Table 4.3 Key attributes of Codes and standards with respect to durability 

 

Document 

Design Service 

Life (excl. or 

ranges) 

Modeling Requirements 
Performance Metric 

Verification 

Construction 

Requirements & QA/QC 
Maintenance/Repair1 

NBC N/A N/A N/A N/A N/A 

A23.1-14/A23.2-14 

Yes, by reference 

to other 

Canadian stds 

Yes, for special concretes. N/A Yes No 

A23.3 

Yes, by reference 

to other 

Canadian stds 

Yes, for special concretes. N/A No No 

A23.4 

Yes, by reference 

to other 

Canadian stds 

Refers to A23.1 and A23.3 Refers to A23.1 and A23.3 

Transportation and 

installation yes, but no 

specific QA/QC. 

Repair only, both aesthetic 

and structural.  

Maintenance is considered 

in Appendix as part of 

environmental 

sustainability. 

AASHTO LRFD Design 75 years No No No No 

ACI 301 No No No Yes No 

ACI 318 No No No Yes No 

ACI 350 50-60 years No No Yes 

None, except for reference 

that some assembly 

components will need 

replacement sooner than 

50-60 years. 

ACI 350.5 No No No Yes No 

ACI 562 

To be selected by 

design 

professional with 

Owner 

No No Yes No 

AS-3600 40-60 years No No Yes No 

CSA S413 

Yes, by reference 

to other 

Canadian stds 

Yes, for special concretes. N/A Yes Yes 

CSA S448.1 

Yes, by reference 

to other 

Canadian stds 

Yes, for special concretes. N/A Yes Yes 
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Document 

Design Service 

Life (excl. or 

ranges) 

Modeling Requirements 
Performance Metric 

Verification 

Construction 

Requirements & QA/QC 
Maintenance/Repair1 

CSA S478 

Yes, as categories 

for buildings and 

parking 

structures. 

-- -- Yes Yes 

EN 1990 
To be specified 

by user 
No Yes Yes Yes 

EN 1992-1-1 
To be specified 

by user 
No Yes Yes Yes 

EN 1992-3 
To be specified 

by user 
No N/A – refers to EN 1992-1-1 Yes Yes 

EN 206 
To be specified 

by user 
No 

N/A – verification governed 

by EN 1990 and EN 1991-1-1 
Yes Yes 

fib MC2010 
To be specified 

by user 
Yes Yes Yes Yes 

fib Bulletin No. 34 

N/A—to be 

specified by use 

in fib MC 2010 

Yes Yes Yes Yes 

GB/T 50476 
Yes, 30/50/100 

years 
No No 

Yes, but also references GB 

50204 for acceptance criteria. 
No 

ISO 13823 Yes Yes Yes, reliability approach. No 
Yes – can be used for 

existing structures. 

ISO 15686-1 through -10 Yes Yes Yes, reliability approach. Yes Yes 

ISO 16204 Yes Yes Yes Yes Yes 

ISO 16311-1 through -4 Yes Yes 
Yes (16311-1; others refer to 

16311-1) 
Yes, 16311-3 and I6311-4 Yes 

ISO 19338 Yes Yes – permits them. Yes – permits them. Yes Yes 

JSCE Guidelines for 

Concrete No. 15 

To be specified 

by user 
No Yes 

Included as part of JSCE 

Guidelines for Concrete No. 

16 

Included as part of JSCE 

Guidelines for Concrete No. 

17 

JSCE Guidelines for 

Concrete No. 16 

To be specified 

by user 
No Yes Yes 

Included as part of JSCE 

Guidelines for Concrete No. 

17 

TCVDVN 318 

To be selected by 

design 

professional with 

Owner 

No No Yes Yes 
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Document 

Design Service 

Life (excl. or 

ranges) 

Modeling Requirements 
Performance Metric 

Verification 

Construction 

Requirements & QA/QC 
Maintenance/Repair1 

UFGS-03 31 29 
To be specified 

by user 
Yes N/A Yes 

No, only for new 

construction non-compliant 

work. 

1) Maintenance and repair activities refers to work performed during operational service life of the structure, and not that needed to accept a new structure or member. 
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Table 4.4 Key attributes of guides and reports. 

 

Document 

Design Service 

Life (excl or 

ranges) 

Modeling Requirements 
Performance Metric 

Verification 

Construction 

Requirements & QA/QC 
Maintenance/Repair1 

ACI 201.2R No No No No No 

ACI 222R No No No Limited 
Yes, references ACI 222.3 

for additional information 

ACI 350.4R No No No Limited No 

ACI 357.3R 

Yes, indicates 

modeling service 

life could be 

useful. 

No No No Yes 

ACI 362.1R No No No Limited No 

ACI 365.1R 

No, includes 

methodology to 

perform service 

life prediction. 

Yes Sensitivity analysis. No Yes 

CIA Z7/01 Yes Limited, refers to Z7/06 N/A Yes Yes 

CIA Z7/04 
No, refers to 

Z7/01 
No No Yes Yes 

CIA Z7/06 
No, refers to 

Z7/01 
Yes Yes Yes Yes, of cracks. 

CIA Z7/07 
No, refers to 

Z7/01 
No No Yes No 

MarCom WG 162 

Yes, in that 100 

or 150 year 

service life 

calculations are 

referenced, 

without a 

mandate. 

Yes Yes Yes Yes 

USBR Concrete Manual No No No Yes Yes 

1) Maintenance and repair activities refers to work performed during operational service life of the structure, and not that needed to accept a new structure or member. 

 



 

30 

 

 

4.3 Categories of Design Service Life 
Unlike the ACI’s Codes and standards for buildings, Australia, Canada, China, Europe’s EN 1990, and fib 

Model Code 2010 have design service life categories, embedded in Codes and standards. As an example, 

Canada’s categories for buildings, including parking structures, are shown in Table 4.5 Canadian categories 

of design service life for buildings (CSA S478).. Chinese durability Code GB/T 50476 also has provisions 

that discriminate between plates/walls and beam/column members in a concrete structure, shown in 

Table 4.6 Design service life and durability requirements adjusted according to building member type 

(GB/T 50476, Table 7.3.2). 

For bridges, there is limited design guidance or requirements, however, Australia’s CIA Z7/01 stipulates 

bridge systems require a design service life of 100 years (CIA Z7/01, Table 4.1) while AASHTO’s LFRD design 

manual stipulates 75 years. 

Without any reference to categories, ACI’s Code for environmental structures, ACI 350, instead prescribes 

using the provisions of ACI 318 with the assumption that 50 to 60 years of service life will be achieved for 

the structural concrete.  ACI’s concrete repair Code, ACI 562, does not list design service life categories, 

either, and instead requires that the design service life for a given repair or rehabilitation program be set 

in consultation with the Owner. 
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Table 4.5 Canadian categories of design service life for buildings (CSA S478). 
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Table 4.6 Design service life and durability requirements adjusted according to building member type 

(GB/T 50476, Table 7.3.2). 

 

 

4.4 Durability Planning 
Within the listed global resources, Australia, Canada, Japan, and ISO have standards or guides that 

specifically detail conceptually or in great detail how to plan for durability: 

• Australia’s CIA Z7/01 delineates key roles, activities, and best practices by stage of construction 

from concept to construction administration and during operation.   

• Canada’s CSA S478 combines the concepts of durability, design service life, and apportions 

activities by construction stage from design and construction to operation, maintenance, repairs, 

and renovation. 

• Japan’s JSCE No. 15 and No 16 treat durability as a process with limit states confirmed at each 

construction stage with verification steps of key criteria before a design professional or 

constructor can advance to the next stage (e.g., anticipated crack width is monitored with respect 

to a limit state for risk of chloride ingress). 

• ISO has multiple documents, ISO 13823, ISO 15686, and ISO 16204 which address a 

comprehensive review of durability planning with respect to service life. 

Other documents, like MarCom WG 162 from the US, offer recommendations targeted to new marine 

infrastructure and include guidance for lifecycle costing, selection of design service life, prescriptive versus 
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performance durability approaches, but is not written in mandatory language and would require work to 

harmonize with buildings.  Of greatest importance is that these standards and guides often coordinate 

durability design into the quality assurance process, such as that shown in Table 4.7 from Canada’s CSA 

S478. 

 

Overall, there appears to be a wealth of global consensus information in both guide and standards 

formats, but ACI does not appear to have similarly formatted information except as discrete documents 

that might not reference once another. 

 

4.5 Comparison of ACI Codes and Standards with Global Documents 
The review of global codes and standards identified a number of features that are not present in ACI codes 

and standards. Some of the common features identified (beyond concrete material requirements) in 

global codes and standards that impact durability include: 

• Design approaches that addresses durability design as part of a multi-disciplinary process 

Table 4.7  Quality assurance activities are tied to durability design (CSA S478, 

Table 1). 



 

34 

 

• Explicit consideration that durability design requirements change with design service life 

• Consideration that maintenance and repair of structures will be required during the service life 

• Use of service life modeling as a predictive tool for durability 

• Performance based requirements for concrete materials  

Current ACI documents, including ACI 318, all incorporate some of the items listed above, however the 

documents are not integrated to create a unified approach to durability design or framed as a planning 

exercise (e.g., CIA Z7/01). In particular, the ACI documents tend to be siloed, as they provide detailed 

information about a particular topic but lack the integration needed for durability through the service life 

of a structure. Some of the features that are notable in the ACI documents related to durability include: 

• ACI design codes for new construction and repair (318 and 562) do not explicitly address or define 

the expected service life of a structure. ACI 318 specifically excludes “preventative maintenance”. 

ACI 562 does reference a design service life be selected in consultation with the Owner of a 

structure, and this is coordinated with the corresponding maintenance plan, also agreed upon 

with the Owner. 

• ACI 201 provides a detailed review of concrete durability from a mechanistic approach but does 

not provide significant content for a design professional interested in design for an extended 

service life. 

• ACI 365 describes the mechanisms of calculations needed to model service life for a number of 

approaches, but does not provide guidance similar to a design method such that standardized, 

reproducible results can be obtained. 

• ACI 318 allows for use of stainless steel and other types of corrosion resistant reinforcement, but 

only provides limited information on when use of corrosion resistant reinforcement is warranted.  

ACI 562, Chapter 8, requires that a licensed design professional “consider” corrosion implications, 

but does not provide a rationale for stainless steel selection and refers to other references within 

ACI documents. 

• ACI 318 separates design requirements for durability of steel reinforcement (Section 20.6) from 

the design requirements for durability of concrete materials (Section 19.3) rather than designing 

a durable reinforced concrete structure. 

• ACI 318 provides no information on future maintenance requirements or planning for future 

repairs for a structure.  ACI 562 does mandate development of a maintenance plan.  

4.6 Interview Comments & Discussions 
For the purposes of understanding global perspectives, the investigative team sought personal opinions 

and feedback on their respective country’s Codes, standards, and general guidance from Australia, 

Canada, Japan, and United States, and China. The investigators sought information from design 

professionals, academics (educators), Code developers, contractors, and concrete producers. Interviews 

were conducted with a focus on how durability provisions within these global Codes and standards are 

taught, implemented, and understood within the concrete industry. In addition, interviewees were asked 

about drawbacks of durability provisions within these global documents and ways in which the durability 

provisions could be improved. Only a limited number of contacts were possible, and even so, only 
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representatives of Canada and the USA responded during the investigative timeframe. The following 

general consensus topics emerged. A consolidated summary of the questions and responses is presented 

in Appendix C. 

• Even with durability provisions embedded in their Codes (Canada, USA), the first instinct of a 

structural engineer is to rationalize compressive strength (f’c), and what the structural 

performance requirements are. Durability is a secondary consideration and the role of a separate 

design professional, if the need for one is recognized. 

• In neither country did it seem that an experienced structural engineer was also an expert in 

durability, unless they were also experienced in repair and rehabilitation of concrete structures. 

Conversely, for “special or complicated structures”, it appears customary that a durability-focused 

expert is included in the design team. 

• Much of the education related to durability design is received on-the-job, rather than as a student. 

Typically, structural design courses are not integrated with concrete materials courses. Moreover, 

durability classes at college or university are limited and likely only graduate level courses. 

• It is possible for a design professional to design, document, and seal a set of drawings without 

truly understanding the following concrete parameters: water/cement ratio, air-entrainment, and 

supplementary cementitious materials, even if these parameters are prescribed in Codes. It 

appears that if durability and service life requirements are discussed in the Codes, structural 

engineers could seek to conform with the requirements. However, it appears that even with Code 

requirements, conformance to the Codes can be irregular and non-conforming concrete is not 

unusual for a given application. Non-conformance can occur because of poor or incomplete 

contract documents, adding water for workability onsite, and acceptance of sub-standard 

concrete because of schedule constraints.  

• There is no evidence that contractors consider the durability and service life requirements, unless 

specifically obligated to do so, and the construction and payment schedule is paramount. They 

might not be privy to the Owner’s Project Requirements or Conceptual design documents, where 

such information could be documented; they only see the administrative and technical 

requirements. Even so, they will only build what they are contractually obligated to do, or even 

less: concrete producers in Canada report that they routinely use the “request for information” 

process to clarify what mixture proportions and additives are required for any given pour, and too 

often, concrete that does not meet the Code requirements is purchased and delivered. In Canada, 

concrete producers are in the habit of overdesigning mixes for strength and workability, at their 

expense, to compensate for a lack of engineering design and poor construction practices onsite 

by contractors that damage the concrete (e.g., adding additional water pre-pour, not prescribed 

by the concrete plant). 

• Concrete is a highly sophisticated, engineered material, for both structural design and durability 

design requiring expertise from contractors and the concrete supplier to execute properly. 

• In the US, there can be specialty guides and reports for wastewater treatment plants, nuclear 

structures, and infrastructure, but for the average building, Code requirements are not tailored. 

Unless those specialized documents exist, it is difficult for a design professional to know what they 

do not know. Design professionals might not recognize that exposed structures like a high-rise 
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condominium on a beach in Miami, Florida, or a parking structure in Philadelphia, PA, might need 

additional requirements beyond generic Code minima to be durable for a period of time specified 

by the Owner. Moreover, an Owner has trouble discriminating amongst a field of design 

professionals to discern who is a generalist and who is a specialist for a given application. 

5 Discussion 

5.1 General 
The review of global design codes and standards revealed diverse methods for addressing durability and 

achieving some framework of service life (i.e., design or working service life, or a long-term expected 

service life). Some documents, such as JSCE Guidelines for Concrete No. 15, Canada’s S-series standards, 

and Australia’s CIA documents provided rigorous treatment of durability concepts. In other documents, 

durability could simply refer to getting drainage of water off of a member or structure (e.g., ACI 357.3, 

ACI 362.1, GB/T 50476) and maintaining prescriptive requirements for concrete. The review demonstrated 

significant differences between the ACI 318 design standard and comparable international documents. 

Durability design via ACI 318 is intended to be achieved via tailoring of the concrete mix design based 

upon the expected service environmental exposure, and consideration of the environmental exposures is 

typical of all Codes. No consideration is given in ACI 318 to the expected design service life of the structure, 

or future maintenance that may be required. 

More in-depth Codes and their accompanying supporting standards and reports include design service life 

and service life prediction as part of design, either prescriptively “deem-to-satisfy” or through modeling 

“limit states”, or both. Model verification is also included, and durability design is integrated into 

structural serviceability states. However, the literature review showed that, even in the more in-depth 

documents, best-practices for durability continue to be sought. Durability design is most straight-forward 

for simple structures and challenging for more complicated structures and environments.  

The reviewed global codes and standards typically approached durability design with a more holistic 

approach than ACI. The concept of durability design and planning is perhaps best stated in Section 4.9 of 

CIA Z7/01: 

There is real value in reviewing performance outcomes from previous projects to understand how 

acceptable durability was achieved and to identify mistakes that should be avoided (i.e. include 

lessons learnt feedback from past projects with stakeholder review workshops).  

Concrete durability is significantly influenced by the structural form plus the quality/composition 

of all concrete mix design materials and workmanship available in the specific locality.  

Furthermore, the design and construct method of project delivery can exacerbate the situation as 

the drive to come up with the most cost effective design and lowest construction costs can result 

in robust solutions being pared down to the extent that the durability performance is compromised 

or cannot be realised to the asset owner’s preferred intent. Again, it is the performance of existing 

structures that can provide the best assessment of ‘what works in practice and what does not’. 
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The overall concept embodied above is that long-term durability design involves more than selection of 

concrete materials that are appropriate for the project location. Long-term durability for new structures 

originates with the understanding of Owner intent for expected service life, design details that minimize 

potential durability problems, appropriate material selection and understanding of expected future 

maintenance.  

The holistic approach for codes to allow for the creation of structures with extended service lives in 

aggressive environments needs to be balanced with the recognition that many structures will be located 

in “ordinary or non-aggressive environments” and may not require an extended service life. The code user 

survey generally agreed with this assessment, with many users stating a preference for prescriptive 

requirements for the majority of the work they perform. The need for codes to address both situations 

highlights the value of a durability planning document such as CIA Z07/01. 

Globally, the role of the structural engineer in durability varies. Australian guidance questions whether a 

structural engineer should be responsible for durability without “training or relevant experience” (CIA) 

and indicates that durability design can be a separate role. Japanese experts believe it is not possible to 

design a new structure or repair an existing one without durability considerations, however, it is the 

authors’ observation that environmental/durability engineers can be distinct from structural engineers 

(i.e., the Japanese already have an integrated design process with both structural and “environmental” 

engineers working together). 

In the United States, monumental or special projects may involve a separate durability consultant; 

however, for most projects, durability design is left up to the structural engineer. Despite this 

responsibility, many design professionals in the United States indicate that durability design education is 

primarily conducted on-the-job, rather than through formal courses. Further development of ACI Codes 

and Standards will encourage further education and awareness of durability concerns. 

The comparison of ACI and international building codes also identified a difference in perception on the 

origin of durability in concrete structures.  In simple terms, a durable concrete structure is one that has 

the following overall characteristics, when applicable: 

• Designed and constructed to promote drainage from the structure; 

• Limited number and width of cracks of exposed surfaces under service conditions; 

• Concrete with low drying shrinkage to limit the potential for crack to form and crack widths; 

• Concrete with a low permeability and high resistance to chloride ion penetration; 

• Adequate air-void system to prevent freeze-thaw damage; 

• Concrete with suitable aggregates and cementitious materials to limit alkali-aggregate reactions; 

• Concrete that is resistant to sulfate attack; and 

• Redundancy of mechanisms for corrosion protection in critically exposed areas. 

ACI design codes focus on concrete materials requirements, and concrete cover for durability.  Recent 

changes in ACI 318 have eliminated consideration of expected cracks widths during the design process, 

and have trended towards members designed to be cracked in service (class C prestressed concrete 

members).  Other global Codes have retained these criteria and it is subject to verification procedures in 
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performance-oriented Codes.  The systematic approach to durability design is not captured in current ACI 

documents. 

5.2 Focus Area 
The reviewed documents provided a wide variety of focus areas and target audiences. The Codes and 

standards were generally focused on design, construction, and maintenance or some combination of the 

three. The guidelines and reports, on the other hand, were typically much more focused in scope, with 

emphasis placed on one aspect of concrete durability such as planning or service life modeling. 

Codes and standards differ from reports and guidelines in that they contain mandatory language and can 

be adopted by legal authorities. Thus, Codes and standards are much more widely used in design, whether 

new or existing, because design professionals are legally obligated to meet their requirements. However, 

Codes and standards typically lag behind the state-of-the-art in concrete design and construction. Reports 

and guidelines, on the other hand, are typically produced and updated as concrete technology evolves. 

As such, of the reviewed documents, the reports and guidelines were most reflective of the current state 

of durability design. 

Many of the ACI technical reports and guidelines had comparable counterparts from other countries. 

However, one noticeably absent subject matter missing from ACI documents was a rigorous treatment of 

durability planning, such as that contained within ISO 15686 or CIA Z7/01. Such documents create 

awareness within design professionals that durability should be considered at the beginning of design and 

should consider the entire life of the structure, not just the beginning of service. 

Much of the potential further development of ACI Codes and Standards as it pertains to durability are 

already contained within existing industry guidelines and reports, such as ACI 201.2R, ACI 365.1R, CIA 

Z7/01, and CIA Z7/04. The existing framework of ACI Codes and Standards does not need to be completely 

abandoned. However, it is clear that many of the reports and guidelines and some other Codes and 

Standards are more sophisticated in their treatment of durability than the current ACI Codes and 

Standards. 

5.3 Prescriptive, Performance-based, or Hybrid 
Prescriptive, performance-based, and hybrid requirements each provide unique advantages and 

disadvantages. Traditionally, industry Codes have handled durability through prescriptive requirements 

like w/cm, crack control, air-entrainment, and cement type and content. Indeed, most of the industry 

Codes examined provided prescriptive requirements, though to varying degrees. In instances where 

prescriptive requirements were not provided, optional prescriptive means to meet performance 

requirements were provided, such as in JSCE Guidelines for Concrete No. 15. Prescriptive requirements 

are convenient in that they typically have a proven track record and are widely applicable to various 

structure types and exposure conditions, and a concrete producer likely has produced mixes suitable for 

a given standard and is rigorously tested. For simple structures with typical exposures, prescriptive 

requirements are generally more than sufficient to ensure durability. However, prescriptive requirements 

may be insufficient in more complicated design scenarios (e.g. manufacturing and extreme 
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environments), certain types of structures (e.g. tanks, chimneys, water containment, and nuclear), long 

service lives (e.g. bridges, monuments), and planning for maintenance/repair/rehabilitation. 

Prescriptive requirements provide the design professional with the opportunity to utilize project 

resources in areas other than durability design. All examined documents provided recommendations for 

at least one prescriptive-only concrete class. However, it is important to note that prescriptive 

requirements typically correlate with, but do not guarantee, durability. Traditional methods of indirectly 

addressing durability through prescriptive means may not be sufficient for achieving the required 

durability. 

Performance requirements, on the other hand, directly address concrete durability. By allowing durability 

performance requirements, industry Codes provide the best opportunity for concrete mixture 

optimization. This is especially true given recent advances in concrete mixture design and the widespread 

usage of supplementary cementitious materials and admixtures. Performance requirements are the 

preferred method for structures facing unusual exposure conditions or with extraordinary project goals. 

The Codes from Europe, Australia, Japan, Canada, and fib all had provisions allowing for a fully 

performance-based concrete class. In some instances, these documents provided concrete classes with 

mostly performance-based requirements and only minimal prescriptive requirements. 

Hybrid requirements were common in the reviewed industry documents. Hybrid requirements can take 

two different forms: additive or alternative. For example, CSA A23.1-14 concrete exposure class C-1 

requires a maximum w/cm ratio of 0.40 and a chloride ion permeability of less than 1000 coulombs within 

91 days, representing hybrid requirements that are additive. ACI 318 exposure class S3, on the other hand, 

has a Type V cement requirement, but allows for alternative cements complying with ASTM C1012 sulfate 

expansion requirements, representing hybrid requirements that are alternative. 

Alternative hybrid requirements allow the design professional to select the most appropriate durability 

design method and specification format to match overall project goals. Performance requirements 

undoubtedly provide the most effective means to optimize concrete mixtures for durability, especially as 

concrete technology evolves; however, prescriptive requirements are also beneficial in that they provide 

a minimum expected durability performance without the need for extensive concrete mixture design 

development. Adopting alternative hybrid performance requirements in Codes and Standards also 

encourages adoption into project specifications. In that way, the benefits of having alternatives during 

durability design are also realized during construction. Contractors and suppliers can determine their 

preferred method of demonstrating durability and the design professional is ensured a minimum level of 

durability. 

EN 206 provides a model framework for adoption of alternative requirements. Article 5.3.1(1) of EN 206 

states: 

Requirements for the concrete to withstand the environmental actions are given either in terms of 

limiting values for concrete composition and established concrete properties (see 5.3.2), or the 

requirements may be derived from performance-related methods (see 5.3.3). The requirements 

shall take into account the design working life of the concrete structure. 
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Being a multinational umbrella Code, Section 5.3.2 does not provide specific prescriptive requirements, 

but rather lists the prescriptive criteria that should be specified. Similarly, Section 5.3.3 does not provide 

specific performance criteria. Specific prescriptive and performance requirements are instead intended 

to be specified in the national annexes applicable to individual countries within Europe. 

Another model framework is provided in JSCE Guidelines for Concrete No. 15. The Japanese Concrete 

Code specifies performance-based durability limit states in Chapter 8, requiring the design professional 

to quantitatively check durability performance with analytical equations. Equations to check include depth 

of carbonation and chloride ion concentration at the depth of reinforcing steel. These equations also 

include characteristic safety factors for each particular deterioration mechanism. In Part 3 of the Standard 

Methods section of JSCE Guidelines for Concrete No. 15, optional prescriptive requirements are provided 

that are deemed to satisfy the performance criteria in Chapter 8. In that way, a design professional can 

elect to perform a performance-based or prescriptive design. An example of that approach is shown in 

Figure C3.3.1 of the JSCE Guidelines for Concrete No. 15, shown here as Figure 5.1. 

 

Figure 5.1 Performance approach for verification of concrete cover with respect to carbonation-

induced corrosion from JSCE Guidelines for Concrete No. 15 (Fig. C3.3.1). 

By keeping the existing methods in place and adding alternative performance requirements, design 

professionals can take advantage of the latest in concrete technology without sacrificing the simplicity of 

existing prescriptive requirements. Such a framework could be adopted into ACI Codes and standards with 

little adjustment needed for the typical design professional. As the existing state of built concrete 
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structures continues to age and deteriorate, the focus of the concrete community has shifted towards 

durability design and the need for codes to address the demands of structures in service. 

5.4 Design Service Life 
The examined documents typically take one of three approaches for addressing design service life: 1) 

explicitly specify an expected or design service life; 2) direct the user to select a design service life and 

design accordingly; or 3) do not specify or discuss design service life. Directing the user to select a design 

service life is typical of the more sophisticated documents that allow for performance-based durability 

design such as Eurocode and the JSCE Guidelines for Concrete. 

The documents that either did or did not specify a design service life were more typically fully prescriptive. 

However, this generalization has notable exceptions. For instance, Canada’s A23.1-14 contains concrete 

classes with durability performance requirements and allows for complete supersession of prescriptive 

requirements by performance-based requirements, yet A23.1-14 does not discuss design service life nor 

direct the user to do so. 

The most effective method to addressing design service life seems to be to direct the user to select it 

based on the anticipated needs of the project. This allows users to select service lives for a wide range of 

structures, ranging all the way from temporary to monumental. Table 2.1 of Eurocode EN 1990, shown 

here as Table 5.1, provides an example of allowing users to select a design service life based upon the 

anticipated use of the structure. 

Intended to be adapted to regional use, Eurocode does not provide specific prescriptive or performance-

based requirements, but rather specifies the requirements that should be considered by a design 

professional. Nonetheless for documents that allow users to select the design service life but also have 

specific prescriptive or performance-based requirements, requirements should not be fixed but, rather, 

should be based on design service life. An example of such a framework is given in JSCE Guidelines for 

Concrete No. 15. This Code is performance-based but provides prescriptive alternatives that, if met, 

constitute conformance with performance-based requirements. These prescriptive alternatives are 

variable, however, and change based upon the design professional specified design service life. One 

example of the variable prescriptive requirements is given in Table 5.2 (Table C3.2.1 of JSCE Guidelines 

for Concrete No. 15). While the diffusion coefficient values presented in this Table represent performance 

requirements, the JSCE Guidelines for Concrete No. 15 allow for calculating diffusion coefficients using 

specified crack width and w/cm ratio. 

While it is advantageous to allow the user to select design service life, none of the examined Codes and 

standards provide sufficient means by which to account for the effects of maintenance and repair on 

design service life during initial design if a prescriptive design approach is taken. Many of the documents 

provide maintenance requirements and provide means by which extension of service life through repair 

can be calculated; however, this is not easily translated to a design service life during prescriptive design 

of new structures. Ideally, a design professional should be able to present an owner with several different 

options on durability design within the context of a maintenance and repair schedule and still satisfy 

prescriptive Code requirements. For example, it may be advantageous from an initial material cost 
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standpoint for an owner to decide to decrease a minimum cementitious material content with the 

assumption that yearly maintenance and repair will occur. 

In general, the examined Codes and standards that provide a design service life do not explicitly state the 

considered limit state for each aspect of durability. For example, while AS 3600 states a service life of 

between 40-60 years, it is not clear whether this time frame considers corrosion initiation to be the end 

of service life or whether it includes some amount of corrosion propagation. One notable exception is 

JSCE Guidelines for Concrete No. 15, which explicitly defines the end of service life criterion for each 

aspect of durability through performance limit states. Without explicit limit states, design professionals 

and owners alike are left with uncertainty as to what condition a structure may be at the end of the design 

service life without further durability analysis. 

Table 5.1 Many international bodies provide guidance or requirements for Design Working Life or 

Design Service Life, depending upon the type of structure. Table 2.1 of Eurocode EN 1990 is a 

representative example. 
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Table 5.2 Excerpt from JSCE Guidelines for Concrete No. 15 (Table C 3.2.1) lists design diffusion 

coefficients for chloride ingress. 

 

5.5 Service Life Modeling Requirements 
While service life modeling is a common activity in durability guidelines and reports, modeling 

requirements are not typically specified in Codes and standards (UFGS-03 31 29 is the exception). Service 

life modeling capabilities have seen major advances in recent years, with probabilistic (as opposed to 

deterministic) models seeing widespread use. However, these advances have not been significantly 

incorporated into existing Codes and standards. 

Most closely resembling an explicit requirement for service life modeling in a Code document are the 

performance limit states to be satisfied in Japan’s JSCE Guidelines for Concrete No. 15 and the fib Model 

Code. Satisfying the durability performance limit states does not require service modeling; however, the 

limit states to be satisfied closely resemble the output of service life models. For example, design 

professionals are required to check that the carbonation depth and chloride threshold concentration do 

not reach the depth of the reinforcing steel. Similar checks would be performed as part of service life 

analysis. 
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Undoubtedly, service life modeling requires expertise, yet these models also represent the best 

mechanism to translate durability design choices into service life estimates. Service life modeling also 

provides a fair and reproducible process to evaluate the impact of design choices. However, the effort to 

execute these models is not warranted in many structures for various reasons, including non-aggressive 

environments (e.g, typical office interior), short design service lives (e.g., temporary structures intended 

to last less than 20-25 years), or common elements that have been extensively installed in similar 

environments (e.g., residential foundations, sidewalks, curbs, etc.).  

If considered for a given project, it is commonly recognized that different service life models often produce 

significantly different results depending upon calculation procedures and model assumptions.  As such, 

development of a mandatory-language standard practice for developing service life modeling 

requirements is warranted. Creation of a service life modeling standard will establish the minimum 

requirements for creation of a valid service life model to be documented, and such a standard is already 

underway within the committee work ACI 3651. International versions of a similar document already exist 

(i.e., fib Bulletin No. 34, ISO 16204), however, the framework and terminology of these documents is not 

readily compatible with the ACI family of documents.  Thus, a goal of ACI 365 is to create a document that 

can be easily incorporated by reference into ACI Code documents and other standards.  

5.6 Concrete Durability Parameters 
The parameters by which the examined documents measure durability vary depending on the durability 

design method used. The examined Codes and standards typically contain some form of prescriptive 

means by which a design professional can satisfy durability performance requirements. The most common 

prescriptive parameter specified is maximum w/cm ratio, which is commonly thought of as one of the 

most effective ways in which to provide durable concrete. Other common methods by which durability is 

prescribed include requirements for compressive strength, concrete cover, cementitious materials 

content, air content, cement type, and chloride ion content. In contrast, many of the examined guidelines 

discuss the important prescriptive parameters to consider when durability is desired yet also discuss the 

performance metrics by which durability can actually be measured. 

Of the examined Codes and standards with performance-based criteria, specific performance testing 

methods are rarely specified, with these Codes and standards more often leaving the decision up to the 

user. For example, Australia’s AS 3600 specifies the performance-based Class U concrete for particularly 

aggressive environments, but Class U concrete properties are specified by the user “to ensure durability 

under the particular exposure environment.” One notable exception is Canada’s A23.1-14, which specifies 

A23.2-23C Testing (substantially equivalent to ASTM C1202 RCP Testing) for concrete classes C-XL, A-XL, 

C-1, and A-1. It is important to note that many performance tests for concrete durability, such as ASTM 

C1202 RCP Testing, involve long testing periods in excess of 28 days. Long testing periods for concrete 

mixture acceptance represents a burden to construction scheduling.  

It is important to note that many of the common prescriptive means by which durability is specified can 

have unintended consequences on other aspects of concrete mixture behavior. Parameters such as w/cm 

                                                           
1 Marcotte is a member and past-chair of ACI 365. She is a chapter lead in the new ACI 365 standard practice 

document currently in development. 
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ratio and cementitious materials content directly affect workability. Cement type and cementitious 

materials content will affect heat of hydration. All material requirements are also subject to local market 

availability. Overdesigned concrete mixtures can lead to the excessive use of admixtures. Concrete 

mixtures are complex, and adjustments to a single parameter can have myriad effects on fresh and 

hardened concrete properties. 

Thus, any changes or updates to ACI Codes and standards regarding durability must keep the overall goal 

of well-placed, good quality concrete at the forefront. For simple structures with typical service lives and 

non-aggressive environments, the current prescriptive concrete durability parameters do not represent a 

burden on constructability. However, for structures in aggressive environments or with long design service 

lives, a balance needs to be struck between provisions too simple to ensure sufficient durability and 

provisions too complex such that other concrete properties are negatively affected. As discussed, 

preferably this balance would be realized through utilization of alternative performance requirements, as 

well as variable prescriptive or performance-based requirements accounting for design service life. 

Current requirements do not allow for optimization of concrete mixtures in accordance with the latest 

advances in concrete technology. 

Ideally the design professional would also be given options to modify prescriptive requirements. Not only 

should design service life be taken into account, but a design professional should be able to, for example, 

increase w/cm ratio if concrete cover is also increased. Any changes to current ACI Codes and Standards 

should be with the goal of providing more flexibility to designer professionals in terms of concrete 

durability parameters. 

5.7 Performance Metric Verification & Reliability 
For some documents, performance metric verification is assumed given prescriptive concrete durability 

parameters are met. Other documents require verification through testing of actual concrete mixtures to 

be used. Still other documents leave performance metric verification completely up to users by simply 

stating that users are to specify durable concrete based upon project requirements. The means by which 

that is achieved are, thus, left up to the user. 

Three examples of how performance metric verification and reliability are integrated into Codes and 

Standards are the fib Model Code, JSCE Guidelines for Concrete No. 15, and ISO 13823. The fib Model 

Code is unique of the three in that it provides four different methods by which performance can be 

verified. This document will not discuss the “avoidance-of-deterioration” approach. The fib Model Code 

and JSCE Guidelines for Concrete No. 15 both present limit state equations (called “partial safety factor 

format” in fib) for design professionals to calculate if, for example, the carbonation depth is less than the 

concrete cover. Unlike the other two, ISO 13823 provides a framework for a given durability parameter 

to be evaluated with respect to reliability but does not discuss specific parameters. However, the 

framework provided by ISO 13823 is similar to the probabilistic methods presented in the fib Model Code. 

Incorporating design limit state or probabilistic equations to verify performance is significantly different 

from the current approach used in ACI Codes and Standards, which is to assume performance if 

prescriptive requirements are met. Because of this difference, any inclusion of an equation-based method 
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into ACI Codes and Standards would simultaneously need updates to education. It is the authors’ 

understanding from interviews with practitioners that education on durability design is typically on-the-

job, rather than through schooling. As such, integration of formalized equations might require significant 

changes to how practitioners are taught durability design. 

As previously discussed, prescriptive requirements are the preferred method for specifying durability for 

simple structures in nonaggressive environments. Any addition of performance metric verification to ACI 

Codes and Standards should keep in mind that many structures do not require extensive verification. The 

fib Model Code allows for performance verification through a prescriptive, “deemed-to-satisfy” approach, 

but provides little guidance on specific parameters. The JSCE Guidelines for Concrete No. 15, on the other 

hand, provides specific ways in which performance-oriented limit state equations may be satisfied with 

prescriptive requirements. 

Future development of ACI Codes and Standards should include performance metric verification; 

however, the manner in which this is included should not represent a significantly different design 

philosophy than that contained in current ACI documents. As such, the best solution may be to keep 

current prescriptive requirements in place and let design professionals and/or contractors modify the 

prescribed mixtures if performance is verified through testing. Reliability concepts can also be included 

with any performance test.  

5.8 Construction Requirements and QA/QC 
Levels of construction requirements differ in prescriptive vs. performance-oriented Codes and standards 

and differ with the relative importance of the structure and its design service life. For example, a 

temporary structure in a standard atmosphere would not require the same QA/QC as a bridge or 

monumental building with a 75+ year design service life in a severe environment. Similarly, improved 

construction and QA/QC should directly lead to improved durability. ACI 318 inherent recognizes the 

expected quality control benefit of concrete members produced in a manufacturing plant (compared to 

field construction) by allowing lower cover in these situations.  

Concrete cover can be used as an example of the importance of construction on durability. Service life 

models commonly predict the time to corrosion of reinforcing steel based upon the time to ingress of 

chlorides to the reinforcing steel. The depth of the reinforcing steel can be assumed to be located at the 

design cover depth or at design cover depth minus a construction tolerance. Corrosion will typically 

initiate at locations with the least cover, and therefore these areas serve as limiting factors to long-term 

durability.  

The concept of construction quality as a durability parameter is mentioned in Appendix A of CIA Z7/01. 

However, the concept of improving construction quality to improve long-term durability has not been 

adequately explored in any of the reviewed documents. Updates to ACI Codes and Standards should 

consider the effect of construction requirements and QA/QC. Consideration may be as simple as requiring, 

for instance, additional cover to account for increased tolerances if QA/QC is not rigorous. More rigorous 

treatment of curing requirements is also to be desired. Currently, ACI 318 allows accelerated curing if it 
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produces equivalent durability to standard curing but does not require any specific measures to validate 

equivalency.  

5.9 Maintenance, Repair, and Dismantlement 
The concept of repair and maintenance of an existing structure is not present in ACI 318, which is in 

contrast to the global documents examined in this study. The lack of provisions for repair and maintenance 

in ACI 318 is rooted in the focus of US codes and standards on new construction. Existing structures in US 

practice are largely dealt with by a separate building code (International Existing Building Code (IEBC) 

versus International Building Code) or a property maintenance code (International Property Maintenance 

Code). 

The poor performance of some concrete structures in the US with respect to durability has created a 

substantial market in the US for repair of existing structures, which is estimated to represent 20% of US 

construction spending. The US repair industry has been proactive in the development of guides, codes 

and standards for the repair of existing structures. Specifically, ACI 562 provides code requirements for 

assessment, repair and rehabilitation of existing structures, and ACI 563 provides standard specifications 

for concrete repair. Other ACI documents (ACI 364.1R-01 and ACI 546R-16 in particular) present detailed 

information on how to assess and design repairs to existing structures. The ACI repair documents were 

developed to satisfy the needs of design professionals and contractors involved with existing structures 

and were developed independent of ACI design codes.  

Globally, ISO, fib and EN have all created standards for repair of existing structures. The global approach 

tends to be geared towards a more integrated approach that maintenance and future repair are expected 

as part of the service life of the structure. With respect to terminology, maintenance is generally 

considered to be routine practice / operation while repairs are events that occur in addition to or outside 

the scope of routine maintenance in US practice; Japanese and Canadian practice considers minor repairs 

within the scope of maintenance. Maintenance, especially, is a critical part of the service life of a structure. 

In many instances, routine maintenance can significantly reduce or delay repairs, leading to a structure 

that is more economical through its life. 

To move ACI Codes and standards forward, an implicit understanding needs to be developed by US design 

professionals that routine maintenance and repairs are a part of the service life of a structure. It is 

interesting to note, that inclusion of a requirement in ACI 562 that future maintenance and inspection 

requirements be documented as a part of repair design was cited as a reason for opposition during the 

IEBC adoption process, and continues to represent an uphill battle. Clearly, an evolution in US thought 

process may be required for ACI codes and standards for new construction to include consideration of 

future repair and maintenance. Alternately, widespread adoption and use of the ACI 562 code as the 

“post-construction standard” will allow for repair and rehabilitation to be completed on existing 

structures without impacting the design code.  
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5.10 Feedback and Practicalities of working with Durability Design Codes, 

Standards, and Guides 
Although preliminary and with only a few respondents from Canada and the US, the limited number of 

conversations within the context of this investigation was highly revealing: 

1. There is a valid perception that Codes and standards support successful design, execution, and 

repair of concrete structures. However, the presence of minimum Code requirements does not 

guarantee that a successful structure will be constructed, arising from any number of contributing 

factors: absence of Owner’s Project Requirements for concrete durability, faulty design or poor 

documentation, contract and schedule constraints, workmanship issues, and incomplete 

maintenance. 

2. There were any number of comments attributing concerns with achieving better durability and 

longer service lives to inadequate education of design professionals, lack of design consensus and 

documentation for durability and service life prediction, poor contractor awareness, poor 

construction QA/QC, and lack of Owner knowledge. 

Ultimately, the investigators consider this data collection process to be limited and will amend this 

feedback discussion as additional information becomes available. 

5.11 USA versus the world’s perceptions of concrete durability requirements  
Despite the importance of durability in concrete structures, it is the authors’ perception that a typical 

design professional in the United States does not consider durability to be of primary consideration.  

Instead, they are most concerned with satisfying compressive strength to satisfy calculated structural 

demands, then will consider Code-mandated requirements, and ultimately the final cost per volume of 

material will decide what is placed. A typical design professional would be one that is educated and 

experienced in structural design but might not belong to professional societies related to concrete or 

become specialized in the nuances of concrete, even in their region of practice. While concrete is often 

perceived as a low-level, ubiquitous material that can be installed by anyone, in reality, it is a highly 

engineered product that requires expertise and skill to design and install well, regardless of the intended 

design service life.  Furthermore, repair and rehabilitation require additional specialization and expertise 

to optimize design service life against costs and time for asset management, and this can be burdensome 

and mystifying for Owners. For concrete repair, Marcotte and Emmons (2019) drafted an anecdotal 

distribution curve to express these challenges for both design professionals and contractors, shown in 

Figure 5.3. Thus, for a typical design professional in the US, Code requirements in simple terms will have 

the greatest chance of being properly documented in design. More complex requirements with “grey 

areas” subject to interpretation are likely to be missed or ignored. 
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Figure 5.2 Perceived distribution of engineers and contractors, adapted from (4).   

This is an untenable situation, however. In our opinion, for any material other than concrete (e.g., steel), 

we believe that a US design professional would immediately question durability if the structure were 

placed outside without an enclosure. Even poorly executed concrete can provide some protection and 

durability, and this might be part of the reason why US design professionals are perceived to undervalue 

the importance of durability in concrete construction.  US design professionals recognize that ACI Codes 

and Standards provide minimum requirements for design of structures, yet, at the same time, design 

professionals have a significant fear of providing something greater than the code minimum.  Concern 

about exceeding minimum requirements is likely rooted in fear of producing non-competitive designs or 

adding additional construction costs.  Concerns about exceeding minimum requirements are a significant 

impediment to extended service lives and greater durability. 

Documentation and feedback from international authorities indicates that durability design is recognized 

as a distinct specialization and this role is incorporated into important or specialized structures (e.g., 

nuclear and wastewater plants, government structures, infrastructure, monuments, etc.). Whether this 

role is fulfilled by an experienced structural engineer or a separate durability engineer is immaterial; it is 

simply important that this role is filled.  To facilitate consistency and harmonize industry practices, 

documents from CIA, CSA, ISO, etc., presented as part of this investigation, have been developed.  Within 

the US, ACI 562 has durability considerations (i.e., not specific requirements as no standards exist to 

support them) and is supporting the development of supporting standards in expert committees (ACI 201, 

ACI 365) to strengthen and improve its Code provisions.   

  

6 Conclusions & Recommendations for ACI Document 

Development 

6.1 Conclusions 
Globally, ACI Codes and Standards are the most widely used documents for design of concrete structures, 

with ACI 318 used as a design standard in over 40 countries and regions.  The next generation of ACI Codes 
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and Standards are being developed, and these documents will be used for both design and the education 

of concrete design professionals and allied professions working both in the US and internationally.  The 

review of global codes and standards for design of concrete structures identified a wide range of practices 

for durability design, with many of the global codes providing a more in-depth and systematic approach 

to durability design compared to ACI documents.  The differences in approach to durability design was 

highlighted by informal interviews with US and international practitioners, academics and professionals 

involved in code development.  The US design professionals generally indicated they had limited 

familiarity with durability outside of prescriptive ACI 318 code requirements and questioned if ACI 318 

requirements were adequate for aggressive environments.  Further, the US design professional’s 

knowledge was obtained in practice, outside of their formal education. 

For ACI to remain the global leader in the development and dissemination of concrete knowledge, the 

next generation of ACI codes and standards will need to result in structural designs that satisfy structural 

performance and durability requirements for ordinary structures in a non-aggressive environments and 

for structures intended to provide an extended service life in an aggressive environment.  For many 

structures, current ACI 318 durability procedures will produce a structure that is fully capable of achieving 

a satisfactory service life at an acceptable cost.  The challenges for the next generation of ACI Codes and 

Standards include: 

1. Can the next generation of ACI codes and standards improve durability design without 

significantly impacting ease of interpretation or cost of construction? 

2. How can ACI 318 be modified to better integrate the durability of concrete and steel components 

as a system?  

3. Determining a rational dividing line between structures that require “ordinary” levels of durability 

and more durable structures.  

4. Development of a balance between a code that provides minimum code requirements for 

“ordinary” structures and a code that can produce a structure with an extended service life in an 

aggressive environment. 

5. Numerous international codes and standards recognize that maintenance and future repairs will 

be required during the service life of a structure.  How can ACI better integrate documents 

developed for new design and existing structures? 

6. Interviews with US design professionals indicated that concepts of durability design were learned 

in practice, outside of formal education.  What materials can be developed to educate design 

professionals that are “experienced but not specialized” about durability design concepts? 

7. How can ACI maintain the current ease of use of ACI 318 and other ACI Code durability provisions 

such that the “experienced but not specialized” design professional can implement the provisions 

correctly with confidence? 

6.2 Recommendations for ACI Document Development and Improvement 
The review of global documents related to durability design revealed significant differences between 

current ACI Codes and Standards and global documents.  When compared to ACI Codes and Standards, 

the global codes and standards typically addressed durability design in a more integrated manner than 

ACI documents and presented more detailed durability requirements.  Many of the global documents 
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reflected the reality that repair and maintenance will be required during the service life of concrete 

structures.   

To maintain ACI as the preeminent source for concrete knowledge related to durability design, ACI codes 

and standards can be improved and new documents created, as follows: 

1. The simplest improvement that can be made is to standardize durability and service life 

prediction terms and definitions across ACI’s families of documents, using Appendix A as a 

starting point.  This contributes to better comprehension of concepts within ACI, communication 

outside the institute, and harmonization within ACI’s knowledge base.   

2. Another straightforward improvement would involve better integration of the information 

contained in existing ACI documents related to durability of concrete structures (ACI 201, 222, 

224, etc.) with the design code for new construction (ACI 318).  ACI 318 currently addresses 

durability prescriptively through minimum concrete cover requirements and limited concrete mix 

design requirements.  Creation of an enhanced durability commentary (referencing other ACI 

documents) in ACI 318 that describes mechanisms to create more durable structures by 

exceeding the minimum ACI requirements is a possible path forward.  

3. In addition to improving existing ACI Codes and Standards, new documents that likely would 

enhance ACI’s family of documents include: 

• Standard practice for durability design – ACI 201 (concept approved) 

• Standard practice for service-life prediction – ACI 365 (concept approved) 

• Planning guide for durability design – possible ACI 201, 546, or 562 document that 

provides similar information to CIA Z07/01. 

• Guide for Durable Construction – ACI 201 

Creation of these documents outside of the ACI 318 committee will allow ACI 318 to focus on 

providing minimal requirements, while providing design professionals required information for 

enhanced durability design.  Two the documents have already been approved by ACI TAC to be 

developed.  The planning guide for durability design is ideally produced by ACI members with 

experience in the evaluation of existing structures, such as members of the durability, repair or 

repair code committee, ACI 562.  These members have the firsthand experience with existing 

damaged structures to identify what works and what does not. 

Creation of the documents described would provide ACI with a back bone of documents for design 

professionals to use when designing structures in aggressive service environments and for 

extended service lives.  Further, the documents would provide the basis for performance-based 

design of structures for extended services lives in aggressive environments which is the focus of 

ACI 562.   

4. In addition to new document creation, the authors recommend conducting a more formalized 

survey, expanding upon the interviews conducted for the purposes of this report. The survey 

should go beyond engineers and include owners, contractors, and concrete producers. The 

recommendations issued in this report were informed by the survey results, and a more 
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expansive and comprehensive survey would help inform any further needs to be addressed by 

ACI Code and Standard development. 

5. Other documents to support the construction side or address the practicalities of concrete 

installation and QA/QC or tools would also be welcome from affiliated organizations to ACI, like 

PCI and ICRI.  

6.3 Recommendations for Education and Outreach 
The development of new design documents related to performance-based durability and service life 

design will not improve practices until the design procedures are implemented and new structures 

created.  The efforts toward implementation will require direct outreach to end users, including: 

• Owners who need to be educated on the benefits of performance-based durability designs; 

• Design professionals on how to create durable structures;  

• Contractors on mechanisms to improve construction quality; and 

• Concrete producers on what types of concrete materials will be required and the level of quality 

control required.   

Beyond the need for individualized education and outreach to the various parties, additional education is 

needed for all parties on how to integrate durability design into each phase of the life cycle of a structure. 

The best approach for robust, sustainable, and economical structures is to further educate on the benefits 

of durability and durability design. 
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A.1 General 

The following references have definitions relevant to durability design.  This list is preliminary and will 

be updated as this literature survey is completed.  Current definitions are summarized in Table A-1. 

• ACI CT 2018:  Concrete terminology 

• ACI TCM 2018:  Technical committee manual 

• ACI 132R-14 Guide for Responsibility in Concrete Construction 

• ACI 318-14  Building Code Requirements for Structural Concrete and Commentary 

• ACI 365.1R-17  Report on Service Life Prediction 

• ACI 562-16 Code Requirements for Assessment, Repair, and Rehabilitation of Existing Concrete 

Structures and Commentary 

• AS 3600:2018  Australian Standard Concrete structures 

• CIA Z7/01 2014 Recommended Practice Concrete Durability Series – Durability Planning 

• CIA Z7/04 2014 Recommended Practice Concrete Durability Series Good Practice Through 

Design, Concrete Supply and Construction 

• CSA A23.1/A23.2 (2014) Concrete materials and methods of concrete construction/Test 

methods and standard practices for concrete 

• CSA S478 (2016) Guideline on Durability of Buildings   Structures (Design) 

• EN 206:2013  Concrete – Specification, performance, production, and conformity 

• EN 1990:2002+A1  Eurocode – Basis of Structural Design 

• fib Model Code for Concrete Structures 2010 

• ISO 13822:2010 Bases for design of structures — Assessment of existing structures 

• ISO 13823:2008 General principles on the design of structures for durability 

• ISO 15686-1:2011Buildings and constructed assets — Service life planning — Part 1: General 

principles and framework 

• ISO 15686-8:2008 Buildings and constructed assets — Service-life planning — Part 8: Reference 

service life and service-life estimation 

• ISO 16204:2012  Durability — Service life design of concrete structures 

• ISO 16311-1:2014 Maintenance and repair of concrete structures — Part 1: General principles 

• ISO 16311-3:2014 Maintenance and repair of concrete structures — Part 3: Design of repairs 

and prevention 

• ISO 55000:2014 Asset management — Overview, principles and terminology 

 
 

TABLE A.1:  Summary of relevant durability design and service life terms. 

TERM DEFINITION(S) 
assessment • Refer to “condition assessment” 

• set of activities performed in order to verify the reliability of 

an existing structure for future use (ISO 13822, ISO 16311-2) 

• (structural assessment) the process of investigating by 

systematically collecting information that affects the 

performance of an existing structure; evaluating the collected 

information to make informed decisions regarding the need 
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for repair or rehabilitation; detailing of findings as 

conclusions and reporting recommendations for the 

examined structural concrete work area (member, system, or 

structure) (ACI 562).   

• (condition assessment) A process of reviewing information 

gathered about the current condition of a structure or its 

components, its service environment and general 

circumstances, whereby its adequacy for future service may 

be established against specified performance requirements 

for a defined set of loadings and/or environmental 

circumstances. (CIA Z7/01) 

asset management • coordinated activity of an organization to realize value 

from assets (ISO 55000) 

Note 1 to entry: Realization of value will normally involve a 

balancing of costs, risk, opportunities 

and performance benefits. 

Note 2 to entry: Activity can also refer to the application of 

the elements of the asset management system. 

Note 3 to entry: The term “activity” has a broad meaning and 

can include, for example, the approach, the planning, the 

plans and their implementation. 

• (Asset management (of structures)) Processes and 

procedures adopted for the maintenance, inspection, testing, 

assessment and repair or other remedial action of structures 

in order to provide effective control against (pre-determined) 

criteria to ensure the continued safe operation of individual 

structures or wider groupings of the inventory and related 

assets. Asset management of structures often involves 

conflicting requirements and objectives, which invariably 

requires compromise and judgment about the action to be 

taken or not taken due to limitations in the available 

resources. (CIA Z7/01) 

basis of design • Technical description of the implementation of service 

criteria agreement (fib Model Code) 

capacity • the strength, stiffness, ductility, energy dissipation and 

durability, of a material, member or system as determined by 

analysis or testing (ACI 562) 

characteristic service life • Refer to “design service life” or “service life” 

• value of a predicted service life chosen either on a statistical 

basis, so that it has a specified probability of being more 

unfavourable (i.e. lower), or on a non-statistical basis, for 

instance based on acquired experience (ISO 13823) 

condition assessment • Refer to “assessment” 

• A process of reviewing information gathered about the 

current condition of a structure or its components, its service 
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environment and general circumstances, allowing a prognosis 

to be made of current and future performance, taking into 

account active deterioration mechanisms and, if appropriate, 

predictions of potential future damage. (fib Model Code) 

consequence level • expression of seriousness of consequences related to a 

defined reference level (ISO 16311-2) 

damage • changes in the capacity of an existing structure resulting from 

events, such as loads and displacements (ACI 562) 

• unfavorable change in the condition of a structure that can 

affect structural performance (ISO 13822) 

defect • fault, or deviation from the intended level of performance of 

a structure or its parts (ISO 15686-1) 

degradation  • process whereby an action on an item causes a deterioration 

of one or more properties (ISO 15686-8) 

NOTE Properties affected can be, for example, physical, 

mechanical or electrical.  

demand • demand—the force, deformation, energy input, and chemical 

or physical attack imposed on a material, member, or system 

which is to be resisted (ACI 562) 

designed concrete • concrete for which the required properties and additional 

characteristics if any are specified to the producer who is 

responsible for providing a concrete conforming to the 

required properties and additional characteristics (EN 206) 

designer • Refer to “engineer” and “Licensed Design Professional” 

• the person or company responsible for the durability design 

and hence the specification of durability requirements. 

Frequently this will be the durability consultant who may be 

independent of the structural designer. (CIA Z7/04) 

deterioration • Worsening of condition with time, or a progressive reduction 

in the ability of a structure or its components to perform 

according to their intended specifications. (CIA Z7/01) 

• Worsening of a condition with time, or a progressive 

reduction in the ability of a structure or its components to 

perform according to their intended functional specifications 

(fib Model Code)  

• process that adversely affects the structural performance, 

including reliability over time due to 

o naturally occurring chemical, physical or biological 

actions, 

o repeated actions such as those causing fatigue, 

o normal or severe environmental influences, 

o wear due to use, or  

o improper operation and maintenance of the 

structure 

(ISO 13822) 
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design service (or working) 

life 

• Refer to “characteristic service life” or “service life” 

• (design life)—period for which a structure or structural 

member is to remain fit for use for its designed purpose with 

maintenance (AS 3600) 

• (design working life) - assumed period for which a structure 

or part of it is to be used for its intended purpose with 

anticipated maintenance but without major repair being 

necessary (EN 1990; EN 206) 

• (specified (design) service life) the period during which the 

required performance must be achieved, used in the design 

of new structures (fib Model Code) 

• (design life) Specified period of time for which a structure or 

a component is to be used for its intended purpose without 

major repair being necessary. (ISO 13823) 

• (design service life) --assumed period for which a structure or 

a part of it is to be used for its intended purpose with 

anticipated maintenance, but without major repair being 

necessary (ISO 16204) 

• (design service life (of a building, component, or material))—

the period of time after installation or repair during which the 

performance satisfies the specified requirements if routinely 

maintained but without being subjected to an overload or 

extreme event (ACI 365, ACI 562) 

• (design service life) – the service life specified by the designer 

in accordance with the expectations (or requirements) of the 

owners of the building.  For given materials and constructions 

exposed to identical loads, the design service lives for similar 

buildings are adjusted depending upon the amount and 

nature of maintenance that the owners commit to carry out 

during the lives of the completed buildings (CSA S478). 

• (design service life) - specified period of time for which a 

structure or its members is to be used for its intended 

purpose without major repair being necessary (ISO 16311-1) 

• (Design service life or design life (specified)) The term “design 

life” is often used to convey the same intent as “design 

service life” and both terms are acceptable to convey the 

same intent. The period in which the required performance 

shall be achieved, used in the design of new structures (see 

Figure 1). The specified (design) service life is related to the 

required service life, as given by the stakeholders (i.e. 

owners, users, contractors, society) and to the other 

implications of service criteria agreement (e.g. with regard to 

structural analysis, maintenance and quality management). In 

this document the international definition is adopted 

[References 36 and 40] and the following Australian Standard 

definitions are provided for comparison: AS 3600:2009 
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[Reference 45] defines design life as “Period for which a 

structure or a structural member is intended to remain fi t for 

use for its intended purpose with appropriate maintenance.” 

AS 5100.1:2004 [Reference 56] defines design life as “The 

period assumed in design for which a structure or structural 

element is required to perform its intended purpose without 

replacement or major structural repairs.” that applies for AS 

5100.5:2004 Reference 50] and AS 3735:2001 [Reference 46] 

states definitions in AS 3600:2009 [Reference45] apply. See 

also service life (operational, required and residual). (CIA 

Z7/01) 

durability • ability of a material or structure to resist weathering action, 

chemical attack, abrasion, and other conditions of service and 

maintain serviceability over a specified time or service life 

(ACI 562) 

• Ability of a structure and its component members to perform 

the functions for which they have been designed, over a 

specified period of time, when exposed to their environment 

(AS 3600) 

• The ability of a building or any of its components to perform 

its required functions in its service environment without 

unforeseen cost for maintenance or repair (CSA S478). 

• The capability of structures, products or materials of 

continuing to be useful after an extended period of time and 

usage. In the context of performance-based design of 

structures, durability refers to the fulfilment of the 

performance requirements within the framework of the 

planned use and the foreseeable actions, without unforeseen 

expenditure on maintenance and repair. In this document the 

international definition is adopted [References 36 and 40] 

and the following Australian Standard definitions are 

provided for comparison. AS 3600:2009 [Reference 45] 

defines durability as “Ability of a structure and its component 

members to perform the functions for which they have been 

designed, over a specified period of time, when exposed to 

their environment.” AS 5100.1:2004 [Reference 56] does not 

define durability, AS 5100.5:2004 [Reference 50] does not 

define durability and AS 3600:2009 [Reference 45] applies 

generally by exception. AS 3735:2001 [Reference 46] states 

definitions in AS 3600:2009 [Reference 45] apply. (CIA Z7/01) 

• The capability of structures, products or materials of 

continuing to be useful after an extended period of time and 

usage. (fib Model Code) 

• capability of a structure or any of its members to satisfy, with 

planned maintenance, the required performance over a 
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specified period of time under the influence of environmental 

action (ISO 13823) 

durability limit state (DLS) • Refer to “initiation limit state” and “limit state” 

• A limit state used to define the end of the service life of a 

structure. The limit state may be a condition, performance or 

operational limit state. Most commonly it is a condition limit 

state. For example, for reinforced concrete structures 

subjected to deterioration caused by corrosion of reinforcing 

steel, one or more of the following durability limit state levels 

may be used to define the end of service life:  

o Depassivation of the reinforcing steel (or initiation of 

corrosion). 

o Cracking of the cover concrete. 

o Spalling of the cover concrete. 

o Loss of section (and reduced structural capacity). 

o Collapse of the structure. 

The operational service life can be extended beyond the 

design service life. (CIA Z7/01) 

engineer • Refer to “licensed design professional” and “designer” 

• A person in the engineering profession with specific expertise 

in either or both of (a) concrete materials and methods of 

concrete construction; or (b) principal test methods for 

hardened and freshly mixed concrete and for concrete 

materials, and who is licensed to practice in a jurisdiction in 

Canada (CSA A23.1) 

initiation limit state (ILS) • Refer to “durability limit state” and “limit state” 

• state that corresponds to the initiation of significant 

deterioration of a component of the structure (ISO 13823) 

licensed design professional • Refer to “designer” and “engineer” 

• an individual who is licensed to practice structural design as 

defined by the statutory requirements of professional 

licensing laws of the state or jurisdiction in which the project 

is to be constructed, and who is in responsible charge of the 

structural design (ACI 318) 

• (1) an engineer or architect who is licensed to practice 

structural design as defined by the statutory requirements of 

the professional licensing laws of a state or jurisdiction; (2) 

the engineer or architect, licensed as described, who is 

responsible for the structural design of a particular project 

(also historically engineer of record) (ACI 562) 

limit state • Refer to “durability limit state” and “initiation limit state” 

• Limiting condition at which the structure ceases to fulfill its 

designated function (AS 3600) 

• state beyond which the structure no longer satisfies the 

relevant performance criteria (fib Model Code) 
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• state beyond which the structure no longer satisfies the 

relevant design criteria (ISO 16204) 

• state beyond which a structure or component no longer 

satisfies the design performance requirements (ISO 13823) 

maintenance • A set of planned (usually periodic) activities performed during 

the service life of the structure intended to either prevent or 

correct the effects of minor deterioration, degradation or 

mechanical wear of the structure or its components in order 

to keep their future serviceability at the level anticipated by 

the designer. Maintenance activities involve recurrent or 

continuous measures which enable the structure to fulfil the 

requirements for reliability. The term “maintenance” is 

commonly applied in the context of building fabric 

components with a limited life, components associated with 

water management and rainwater run-off, items where 

regular intervention is required to maintain their effective 

operation, etc. The term “maintenance” is commonly applied 

to ancillary items such as gutters, drains, sealants, movement 

joints, bearings, etc. (CIA Z7/01) 

• The actions and measures taken periodically to maintain a 

desired level of performance.  Maintenance includes a 

planned program of cleaning, repair, or replacement of 

components such as paint or gaskets (CSA S478). 

• A set of planned (usually periodic) activities performed during 

the service life of the structure intended to either prevent or 

correct the effects of minor deterioration, degradation or 

mechanical wear of the structure or its components in order 

to keep their future serviceability at the level anticipated by 

the designer. (fib Model Code) 

• combination of all technical and associated administrative 

actions during the service life to retain a building, or its parts, 

in a state in which it can perform its required functions (ISO 

15686-1) 

• Set of activities taken to check, evaluate the performance of a 

structure, and preserve/restore it so as to satisfy 

performance requirements in service (ISO 16311-1) 

• set of activities that are planned to take place during the 

service life of a structure in order to fulfil the requirements 

for reliability (ISO 16204) 

performance • The behaviour of a building or any of its components as 

related to use (CSA S478). 

• The behaviour of a structure or structural element as a 

consequence of actions to which it is subjected or which it 

generates. (fib Model Code) 
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• qualitative level of a critical property at any point in time 

considered (ISO 15686-1) 

prescribed concrete • concrete for which the composition of the concrete and the 

constituent materials to be used are specified to the 

producer who is responsible for providing a concrete with the 

specified composition (EN 206) 

preservation • the process of maintaining a structure in its present condition 

and arresting further deterioration.(ACI CT 2018) 

prevention • remedial action to prevent or slow down further 

deterioration of a structure or structural member and reduce 

the possibility of damage to the user or any third party, 

inhibiting the progress of deterioration, and proactively 

preventing deterioration (ISO 16311-3) 

rehabilitation • repairing or modifying an existing structure to a desired 

useful condition (ACI 562) 

• the process of repairing or modifying a structure to a desired 

useful condition (ACI CT 2018) 

• Intervention to restore the performance of a structure or its 

component parts that are in a changed, defective, degraded 

or deteriorated state to the original level of performance, 

generally without restriction upon the materials or methods 

employed. (CIA Z7/01) 

• Intervention to restore the performance of a structure or its 

components that are in changed, defective, degraded or 

deteriorated state to the original level of performance, 

generally without restriction upon the materials or methods 

employed. (fib Model Code) 

reliability • The ability of a structure or a structural member to perform 

its intended function satisfactorily (from the viewpoint of the 

customer) for its intended life under specified environmental 

and operating conditions. Reliability is usually expressed in 

probabilistic terms. In the context of performance-based 

design of structures, reliability refers to the ability of a 

structure or a structural member to fulfil the performance 

requirements during the service life for which it has been 

designed at a required failure probability level corresponding 

to a specified reference period. (CIA Z7/01) 

• Ability of a structure or a structural member to perform its 

intended function satisfactorily (from the viewpoint of the 

stakeholder) for its intended life under specified 

environmental and operating conditions. Reliability is usually 

expressed in probabilistic terms. (fib Model Code) 

repair • the reconstruction or renewal of concrete parts of an existing 

structure for the purpose of its maintenance or to correct 
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deterioration, damage, or faulty construction of members or 

systems of a structure (ACI 562) 

• to replace or correct deteriorated, damaged, or faulty 

materials, components, or elements of a structure (ACI CT 

2018) 

• Intervention to reinstate to an acceptable level the current 

and future performance of a structure or its components 

which are either defective, deteriorated, degraded or 

damaged in some way so their performance level is below 

that anticipated by the designer; generally without restriction 

upon the materials or methods employed. (CIA Z7/01, fib 

Model Code) 

• Action taken, including replacement, to bring the level of 

performance to a level acceptable to the level of the designer 

and the Owner. It may be a part of the planned maintenance 

program for a building (e.g., patching and painting of walls in 

access corridors) or may be initiated to remedy unexpected 

damage (e.g., repair of parking slab resulting from premature 

failure of part of a protective membrane (CSA S478). 

• activities performed to preserve or to restore the function of 

a structure that fall outside the definition of maintenance 

(ISO 16204) 

risk the combination of the likelihood of occurrence of a 

particular hazard and its consequences (CIA Z7/01; fib Model 

Code) 

effect of uncertainty on objectives (ISO 55000) 

Note 1 to entry: An effect is a deviation from the expected — 

positive and/or negative. 

Note 2 to entry: Objectives can relate to different disciplines 

(such as financial, health and safety, and environmental 

goals) and can apply at different levels (such as strategic, 

organization-wide, project, product and process (3.1.19)). 

Note 3 to entry: Risk is often characterized by reference to 

potential “events” (as defined in ISO Guide 73:2009, 3.5.1.3) 

and “consequences” (as defined in ISO Guide 73:2009, 

3.6.1.3), or a combination of these. 

Note 4 to entry: Risk is often expressed in terms of a 

combination of the consequences of an event (including 

changes in circumstances) and the associated “likelihood” 

(ISO Guide 73:2009, 3.6.1.1) of occurrence. 

Note 5 to entry: Uncertainty is the state, even partial, of 

deficiency of information related to, understanding or 

knowledge of, an event, its consequence, or likelihood. 

 

robustness • An indication of the ability of a structure to mobilise 

alternative load paths around an area of local damage. It is 
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related to the strength and form of the structural system, 

particularly the degree of redundancy. (CIA Z7/01) 

• The ability of a structure, subject to accidental or exceptional 

loading, to sustain local damage to some structural 

components without experiencing a disproportionate degree 

of overall stress or collapse. (fib Model Code) 

serviceability • structural performance under service loads (ACI 562) 

• serviceability refers to the ability of the structural system or 

structural member to provide appropriate behavior and 

functionality under the actions affecting the system.  

Serviceability requirements address issues such as deflections 

and cracking, among others (ACI 318-14, R4.7 Commentary) 

Serviceability limit state 

(SLS) 

• State that corresponds to conditions beyond which specified 

service requirements for a structure or structural member 

are no longer met. (CIA Z7/01; fib Model Code) 

service life • Refer to “characteristic service life” or “design service life” 

• an estimate of the remaining useful life of a structure based 

on the current rate of deterioration or distress, assuming 

continued exposure to given service conditions without 

repairs. (ACI 365) 

• (Service life (operational))-The period in which the required 

performance of a structure or structural element is achieved, 

when it is used for its intended purpose and under the 

expected conditions of use. It comprises design service life 

and prolonged service lives (see Figure 1 and design service 

life). (CIA Z7/01) 

• (Service life (required)): The stakeholders (i.e. owners, users, 

contractors, society) stated period in which the required 

performance shall be achieved after construction (see Figure 

1 and design service life). (CIA Z7/01) 

• (Service life (residual)): The remaining period in which the 

required performance shall be achieved from current time 

until the design service life is achieved (see Figure 1 and 

design service life). (CIA Z7/01) 

• (service life):  the time during which the structure performs 

its design function without unforeseen maintenance and 

repair. (CSA A23.1) 

• (service life) the actual period of time during which the 

building or any of its components performs without 

unforeseen costs or disruption for maintenance and repair 

(CSA S478). 

service life planning • design process of preparing the brief and the design for the 

building and its parts to achieve the design life (ISO 15686-1) 

Note 1 to entry: Service life planning can, for example, reduce 
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the costs of building ownership and facilitate maintenance 

and refurbishment. 

specification • (specifications) the written document that details 

requirements for Work (ACI TCM 2018) 

• (project specification) project-specific document describing 

the requirements applicable for the particular project (ISO 

22966:2009) 

Ultimate Limit State (ULS) • State associated with collapse or with other similar forms of 

structural failure. Generally the ultimate limit state 

corresponds to the maximum load-carrying resistance of a 

structure or structural member. (CIA Z7/01) 

• state associated with collapse, or with other similar forms of 

structural failure (ISO 13823) 
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Key Feature 1: Applies to new structures and members, and per subclause 

1.3, shall be applied to existing structures for evaluations of strength and 

serviceability.  
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Key Feature 2: Subclause 2.1, "Design Procedures" outlines several 

design topics, presented to appear be of same importance: strength and 

serviceability, earthquake actions, robustness and structural integrity, 

durability and fire resistance, fatigue, and materials properties.  

��+��5���  ��& %!�� -�!2%�� �-�&%*%& ��5�%��(�� � *!� %��� %*%��  !-%&�.

Key Feature 3: Subclause 4.2 defines a "method of design for durability" as 

meeting a series of requirements applicable to the structure or member. 

Table of Key Provisions

Australian Standard 

Concrete Structures - 

2018
Standards Australia

"The principal objective of this Standard is 

to provide users with nationally acceptable 

unified rules for the design and detailing of 

concrete structures and members, with or 

without steel reinforcement or prestressing 

tendons, based on the principles of structural 

engineering mechanics. The secondary 

objective is to provide performance criteria 

against which the finished structure can be 

assessed for conformance with the relevant 

design requirements." Additional Standards 

Australia standards, and ISO/EN references are 

used to execute this Standard. 

Revision + Adoption Cycle

Revision + Adoption cycle TBD    

Region(s) of Use

Australia

Publication Language(s)

English

REF DESCRIPTION

;.<.<.= "Cracking in concrete structures shall be controlled so that structural performance, 

durability, and appearance of structure are not compromised."

?.= Section ? (Design for Durability) applies to structures and members with a 

design life of GH yrs +/- ;H%.  Notes indicate that longer planned design lives (i.e., 

monumental structures) could require more stringent requirements, and these 

requirements can be relaxed for temporary structures.  Moreover, compliance with 

the mandatory requirements might not provide a durable structure.

?.; "Method of Design for Durability" requires determining the exposure classification 

per Clause ?.<, conforming with the concrete quality (Clause ?.?.) and curing 

(Clause ?.G), plus considering traffic abrasion (Clause ?.Q), freezing and thawing 

(Clause ?.U), exposure to aggressive soils (Clause ?.V), susceptibility to alkali 

aggregate reactions (Ref, Standards Australia Handbook UX Guidelines on 

Minimising the Risk of Damage to Concrete Structures in Australia), and for 

reinforced members, concrete shall conform to Clause ?.X, and the cover to 

tendons shall conform to Clause ?.=H.

?.<.= Exposure classifications are listed in Table ?.< and Figure ?.<, and the most 

stringent requirements for a range of exposures is to be selected.  Members that 

do not contain reinforcement are automatically classified as A=.

?.<.; If a member is only exposed on one surface, a lower grade of concrete can be 

selected provided the cover depth is increased by ;H mm or =G mm, depending 

upon the type of formwork and compaction per ?.=H.<.; and ?.=H.<.<.

?.? "Members subject to exposure classifications A=, A;, B=, B;, C= and C; shall have 

minimum f'
c 
" and "cured as specified" in Table ?.?.  B;, C= or C; concrete is 

deemed special and is governed by AS =<UX Specification and Supply of Concrete.

?.V Aggressive soils exposure conditions are categorized by Table ?.V.=.

?.X Deleterious chemical constituents (i.e., chlorides) added to concrete are governed 

by AS =?UV.= Chemical admixtures for concrete, mortar and grout Admixtures for 

concrete and AS =<UX. 

?.=H Cover is prescriptively defined by exposure classification, and is required to be 

satifactorily placed around reinforcement, etc. per =U.=.< (Handling, Placing and 

Compacting of Concrete) and Tables ?.=H.<.; and ?.=H.<.<.

AUSTRALIA AS <QHH
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Key Feature 1: A broad range of concrete structures are recommended for 

durability planning, but not simple residential ones.
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Key Feature 2: Structural performance is accepted by all and is formally 

designed, but durability performance is expected by all and is not formally 

designed.

"��#'��" 6.7.8 %�  6.7.6 �%#'��%)'9� % ���-%�'"�� *�#.��� "#�$�#$�%) %�   $�%*')'#:  �"'+�.  

#/� "#�$�#$�%) ��+'���� �%���# *� ��%"��%*): �*)'+%#�  #�  $�%*')'#:  �"'+� .'#/�$# 

#�%'�'�+ %� ;�� �0-��'����.

Key Feature 3: Differences in Australian definitions, Codes, and Standards are 

summarized for evaluation and use by the project team. 

Table of Key Provisions

Durability Planning - 2014
Concrete Institute of Australia Z7/01

One part of a multi-part series of guides 

documenting recommended practices "that 

provide deemed to satisfy requirements 

applicable to all concrete structure types based 

on standard input parameters for design life, 

reliability and exposure.  This Part focuses on a 

durability planning process from initial Owner 

conversations to operational maintenance 

during the service life of the concrete, including 

maintenance and repair.  Durability planning is 

"cost effective selection and usage of materials 

combined with design processes, construction 

methods and detailing to achieve the asset 

owner intended service life without premature 

unexpected operational maintenance. Asset 

deterioration also impacts on the community 

and this must be accounted for in the design 

process. A technical analysis determines the 

nature and rate of materials deterioration 

for given macro and micro environmental 

conditions, which is used to infuence the 

design, construction and operational 

maintenance during the service life."

Revision + Adoption Cycle

Revision TBD.  As a guideline, no adoption cycle.  

REF DESCRIPTION

A.B Durability knowledge is well documented and progressively updated with 

new developments throughout the world. However, design, construction and 

maintenance processes have not adopted the level of durability planning to 

minimise the risk of premature deterioration.

G.A A durability philosophy throughout the project delivery will provide capital 

investment optimisation, safety from no unexpected damage and sustainability by 

appropriate design, construction and maintenance measures to achieve the asset 

owner’s intended service life and level of service.

G.K Design and construction to National or International Standards may not achieve 

the asset owner’s required design life in aggressive exposure conditions. Significant 

premature maintenance and/or repair could be necessary. A durability review is 

required as Codes do not cover all environmental exposure conditions and specifc 

location micro exposure conditions can be more severe than the general exposure 

conditions.  Asset owners may need GM, QM, UM, AMM, AQM or KMM yrs of service life 

and the Codes and Standards provide for different or not address service life at all.

G.V Outline lists of key tasks at different stages of project development and execution 

(i.e., Asset Owner brief, Project Tender, Concept design, Detailed Design (Fig G.A), 

Construction (Fig. G.G), and Maintenance during Operation) related to durability 

best practices.

K Purpose and benefitsof durability planning (Asset Owner, Designer, Contractor, 

Operator/Maintainer of Asset) outlined for stakeholders.

B The difference between design life versus servicelife is summarized in Table B.A 

with Australian standards, and guidance as to how to rationalize what structures 

merit longer service lives and more detailed planning, shown in Table B.G. 

Q-Z Detailed presentation of goals, potential pitfalls, and opportunities for each stage 

of design and construction briefly noted in Section K.

App. A Examples of Key durability deliverables and process are presented.

App. B A durability checklist example is presented.

App. C Incorporation of reliability into durability design is presented.

AUSTRALIA CIA ZU/MA

Region(s) of Use

Australia

Publication Language(s)

English
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Key Feature 1: Detailed guidance for implementing durability practice into 

procurement, design and construction for a range of materials and concrete 

systems.

Key Feature 2: Guidance attempts to rationalize a well-designed, durable 

outcome with Owner costs.

Key Feature 3: Specific detailing and recommendations for countering 

common concrete configurations, navigating through reinforcement corrosion 

protection, and best practices in forming cast-in-place, precast, or sprayed 

concrete. 

Table of Key Provisions

Good Prac� ce Through 

Design, Concrete Supply 

and Construc� on - 2014
Concrete Institute of Australia Z7/04

One part of a multi-part series of guides 

documenting recommended practices "that 

provide deemed to satisfy requirements 

applicable to all concrete structure types 

based on standard input parameters for 

design life, reliability and exposure.  This Part 

focuses on "more general concrete design 

and construction as well as concrete requiring 

specifically higher levels of durability."  

Specifications, the impact of design and 

constructability is discussed in detail to aid 

in comprehensive durability planning for 

the entire project team." The designer and 

durability planner must understand not only 

the intended design but must understand 

the material properties and consider how 

these properties can be delivered during the 

construction process.

Revision + Adoption Cycle

Revision TBD.  As a guideline, no adoption cycle.  

REF DESCRIPTION

! Contractual aspects outlines best practices in developing prescriptive or 

performance specifications that are sufficiently detailed and well-written 

to communicate to the concrete producer, avoiding additional costs during 

construction to achieve durability performance requirements.  Alternatively, 

underspecified durability requirements, if not countered during construction, can 

lead to additional unanticipated maintenance.

" Critical areas of design detailing are outlined:  minimum cover, tolerances, cover 

and aggregate size, cover and bar or tendon size, quality control of cover concrete, 

testing of the exposure, configuration and congestion of reinforcement, dissimilar 

types of metals, member profiles, and so on. 

# Pre-pour planning involves a preconstruction effort to review communication, 

"buildability", concrete sourcing, preparing for weather contigencies, curing, etc.

% Quality of concrete describes critical properties to test and assess (e.g., 

permeability, water sorption and iffusion), and what limitations exist (i.e., lack of 

test for "penetratability" for deleterious species).

& Concrete materials, supply and construction section describes the materials 

comprising concrete, and notes that Australian Codes do not attempt to provide 

guidance on different systems.  The reader is directed to other documents in the 

Concrete Durability series of documents.

' Concrete supply provides an overview of the topics related to the producer, the 

most important of which is that the designer indicate prescriptive and performance 

requirements essential to durability.

* Reinforcement and prestressing steel describes the interrelationship of corrosion 

resistance of reinforcement (e.g., Table *.+) and the concrete cover in a given 

environment.

/ Construction describes training, supervision, and responsibilities in concrete.

+3 Cast Insitu concrete discusses specific types of members and durability concerns.

++ Precast concrete provides an overview of cost-effective yet durable practices..

+! Sprayed concrete has its own requirements given the application technique.

AUSTRALIA CIA Z'/3#

Region(s) of Use

Australia

Publication Language(s)

English
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Key Feature 1: Proprietary materials or methods of construction may be 

permitted by the owner, provided the quality meets the min. requirements of 

this Standard.

Key Feature 2: A23.1 is a framework document for the A23.2 document 

and its 45 test procedures and methods, related to A23.1.  A23.1 only 

addresses cast-in-place concrete and field precast concrete.  A23.4 governs 

plant manufactured precast concrete.  For parking structures, additional 

requirements of CSA S413 apply.  Repair of concrete structures is governed by 

CSA 448.1.

Key Feature 3: Subclause 4.1.1 defines prescriptive durability requirements, 

but emphasizes use of high-quality materials, effective quality control, and 

good execution of the concrete.  Historical data is permitted for qualification 

of materials and concrete mixes. 

Table of Key Provisions

Concrete materials and 

methods of concrete 

construc� on/Test 

methods and standard 

prac� ces for concrete - 

2014 (2015 Update)
CSA Group

The first two parts (over ��� pages total) 

of a four-part series of technical documents 

addressing concrete construction and test 

methods.  Other CSA A�� documents address 

the design of concrete structures (A��.�) and 

Precast Concrete -Materials and Construction 

(A��.�).  Canadian concrete codes provisions 

are intended to address social goals of safety, 

health, accessibilty, structural performance, 

sustainabilty, minimizing greenhouse gas 

emissions, etc. CSA A�� documents rely upon 

CSA standards as well as ASTM standards for 

testing of materials and concrete products. 

Revision + Adoption Cycle

Revision cycle  has varied by is subject to review 

every 5 years; Adoption is individually regulated by 

provinces and territories.    

REF DESCRIPTION

!."."."." "Concrete that will be subjected in service to weathering, sulphate attack, a 

corrosive environment, or any other process of deterioration covered by this 

Standard shall meet the requirements of Clauses !."."." to !."."."$ and %.! and Tables 

" to ! and "&, as appropriate."

'.".* "When specified, special performance or material requirements shall supersede 

other relevant clauses of this Standard. Selection of mix materials, proportions, 

concrete quality, production of concrete, placing, and/or curing shall be addressed 

in each relevant clause, where appropriate."

Multi 

clauses

Tables "-!, and "% define different classes of concretes and requirements, generally 

prescriptive.  Table + indicates alternate specification options, incl. owner directed 

options, eliminating the engineer.

CANADA A3*."/A3*.3 

Region(s) of Use

Canada

Publication Language(s)

English, French
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Key Feature 1: EN 1990 can be applied to new or existing construction.

���������  �"#�$�"%"&�� ��" '��%(&$)"*, +$�'(�� -�(.$�$(& /(� ( *"� ��������"� �( 0" 

���"��"* +$�' �(*" �� �$%" (/ (�$1$&�  �(&������$(&.

Key Feature 2: Design working life is to be specified at the outset, and is 

intrinsically tied to the structural design requirements for a broad range of 

construction materials.

/��%"+(�3 (/ ���������  *"�$1& �"#�$�"%"&�� ����%"� %��"�$� � -�(-"��$"�, �"�.$�" 

"&.$�(&%"&��, �&* *"�"�$(���$(& %"�'�&$�%� +$   0" �(&�$*"�"*, "."& ��  $%$� ����"� $& �'" 

*"�$1&.  �-"�$/$� �"#�$�"%"&�� /(� "&.$�(&%"&�� ��" �**�"��"* $& "& 4554, �&* %��"�$� � $& 

"& 4556 7�(&��"�"8, �&* (�'"�� 7"& 4559 �( "& 45558.

Key Feature 3: Structural Fundamental requirements are safety, serviceability, 

robustness, and fire resistance. 

� ��������" +$   %""� $�� ���������  �"#�$�"%"&�� /(� $�� *"�$1& +(�3$&1  $/" $& �& 

"�(&(%$� +�: /(� ��/"�: �&* �"�.$�"�0$ $�:, 0�� � �( � �( ���(�&�$&1 /(� "."&��  $3" 

";- (�$(&�, /$�", �&* -�(.$*$&1 ���������  ��/"�: �( -"(- " �&* �*<��"&� �(&������$(&.

Eurocode:  Basis of 

structural design - 2002 

(2005 Amendment)
European Committee for Standardization

EN ���� (informally, "Eurocode �") is an 

umbrella document that "describes the 

Principles and requirements for safety, 

serviceability and durability of structures. It 

is based on the limit state concept used in 

conjunction with a partial factor method."  

Amended in ����, it is intended to be used 

in conjunction with tailored documents for 

new construction (i.e., EN ���� through EN 

����) for actions on structures (EN ����), and 

various construction materials like concrete 

(EN ����), steel (EN ����), composite steel 

and concrete (EN ���!), and so on. EN ���� 

can also be used for the structural appraisal 

of existing construction for repairs or 

alterations, or considering change of use. EN 

���� is harmonized with referenced technical 

specifications (ENs and ETAs).

Revision + Adoption Cycle

Revision TBD.  Adoption by member bodies by 

2010 with existing national standards withdrawn.  

REF DESCRIPTION

K.L (M) The general assumptions of EN KQQU include that the structure will be adequately 

maintained.

M.L (K) Design working life should be specified; Table M.K gives examples.

M.W (K)P The structure shall be designed such that deterioration over its design working life 

does not impair the performance of the structure below that intended, having due 

regard to its environment and the anticipated level of maintenance.

M.W (M) To achieve an adequately durable structure, the following should be taken into 

account: the intended or foreseeable use of the structure; the required design 

criteria; the expected environmental conditions; the composition, properties and 

performance of the materials and products; the properties of the soil; the choice 

of the structural system; the shape of members and the structural detailing; 

the quality of workmanship, and the level of control; the particular protective 

measures; the intended maintenance during the design working life. EN KQQM to EN 

KQQQ specify appropriate measures to reduce deterioration.

M.W (L)P The environmental conditions shall be identified at the design stage so that their 

significance can be assessed in relation to durability and adequate provisions can 

be made for protection of materials used in the structure.

M.W (W) The degree of any deterioration may be estimated on the basis of calculations, 

experimental investigation, experience from earlier constructions, or a 

combination of these considerations.

W.K.X (K)P The environmental influences that could affect the durability of the structure 

shall be considered in the choice of structural materials, their specification, 

the structural concept and detailed design.  EN KQQM through EN KQQQ specify 

appropriate measures.

W.K.X (M) The effects of environmental influences should be taken into account, and where 

possible, described quantitatively.

W.M (K) Properties of materials (including soil and rock) or products should be represented 

by characteristic values.

W.M(M) When a limit state verification is sensitive to the variability of a material property, 

upper and lower characteristic values of the material property should be taken into 

account.

EUROPE EN KQQU:MUUM + AK:MUU\

Region(s) of Use

European Union member bodies.

Publication Language(s)

English, French, German (offi  cial); others 

permitted by CEN members with notifi cation.
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Key Feature 1: National Annex Parameters

������ ���!�" #$!%�� #&!" '�$��(��) #� "*!# +$#!�+$% "#$+�$��" �� ��,*!����+#". 

�*�$�!%!#- /��0!"!�+" ��%$#�� #� �!+!�*� 1�0�� 23.3.4.56 $+� ��0!$#!�+" '��� �!+!�*� �� 

+��!+$% 1�0�� $�� 7�0��+�� 23.3.4.86.

Key Feature 2: Exposure Classes governed by EN 206-1 Concrete – Part 1: 

Specification, performance, production and conformity

�+%- ��!�'%- "*��$�!9�� (!#&!+ �+ 4::5-4-4:  �!") %�0�% �' 1����"!�+ !" $""!7+�� �*# #&�+ 

�!"1�!�!+$#�� !+#� 1$���+$#!�+, 7�+��$% 1&%��!��", �� 1&%��!��" '��� "�$ ($#��. �#&�� 

�>/�"*�� 1%$""�" $����"" '���9�-#&$( 1�+�!#!�+" �� 1&��!1$% $##$1).

Key Feature 3: Design working life, durability, and quality management 

governed by EN 1990, Section 2.

(!#&!+ �+ ?@@A-?-?, "#�*1#*�$% 1%$""�" $�� ��1�+1!%�� (!#& )�- 1�!#��!$ %!)� ?BB -� 

��"!7+ "��0!1� %!'�, �+0!��+��+#$% 1%$""�", "%$� 7����#�-, ,*$%!#- 1�+#��% �' 1�+1��#� 

/���*1#!�+, $+� �!+!�*� 1�0�� !+ #$�%�" C.D+, C.C+, $+� C.E+. 

Table of Key Provisions

Eurocode 2:  Design of 

concrete structures 

Part 1-1 General rules 

and rules for buildings - 

2004
European Committee for Standardization

Eurocode � is a four-part series of documents 

addressing the design of buildings and civil 

engineering works in plain, reinforced and 

prestressed concrete. It complies with the 

principles and requirements for the safety and 

serviceability of structures, the basis of their 

design and verification that are given in EN 

����: Basis of structural design. EN ����-�-� 

describes the principles and requirements for 

safety, serviceability and durability of concrete 

structures, together with specific provisions 

for buildings. It is based on the limit state 

concept used in conjunction with a partial 

factor method. Eurocode � is harmonized with 

referenced technical specifications (ENs and 

ETAs).

REF DESCRIPTION

V.W (W)P A durable structure shall meet the requirements of serviceability, strength and 

stability throughout its design working life, without significant loss of utility or 

excessive unforeseen maintenance (for general requirements see also EN W[[\).

V.W (])P The required protection of the structure shall be established by considering its 

intended use, design working life (see EN W[[\), maintenance programme and 

actions.

V.W(^)P The possible significance of direct and indirect actions, environmental conditions 

(V.]) and consequential effects shall be considered.

V.W (V) Corrosion protection of steel reinforcement depends on density, quality and 

thickness of concrete cover (see V.V) and cracking (see _.^). The cover density and 

quality is achieved by controlling the maximum water/cement ratio and minimum 

cement content (see EN ]\j-W) and may be related to a minimum strength class of 

concrete..

V.W(z) Where metal fastenings are inspectable and replaceable, they may be used with 

protective coatings in exposed situations. Otherwise, they should be of corrosion 

resistant material.

V.W(j) Further requirements to those given in this Section should be considered for 

special situations (e.g. for structures of temporary or monumental nature, 

structures subjected to extreme or unusual actions etc.).

V.] Environmental conditions sections outlines framework of considerations and 

references EN ]\j-W.

V.^ Requirements for durability requires that the structural and materials requirements 

are harmonized, along with other parameters, to achieve the design service life.

V.V.W.] Minimum cover is defined for structural, durability, and fire resistance, and can be 

reduced if stainless steel reinforcement is used.  This parameter can be tailored by 

national annexes.

_.^.W(P) Cracking shall be limited to an extent that will not impair the proper functioning or 

durability of the structure or cause its appearance to be unacceptable.

EUROPE EN W[[]-W-W

Revision + Adoption Cycle

Revision anticipated 2020.  2004 version adopted 

by member bodies according to their national 

timetables.  

Region(s) of Use

European Union member bodies

Publication Language(s)

English, French, German (offi  cial); others 

permitted by CEN members with notifi cation
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Key Feature 1: Specific durability provisions add abrasion effect of stored 

materials to containment or retaining structure, i.e., chemical, physical, or 

mechanical.

��������  ".# �$ �%&% � �'(�%) *�+%'(� �$ �%&%� +' �'(+�%(, (+ �+*��+�* � �() * & * (� � 

,�%( $*'-%�%'(� &*',  ( /001-/-/ &'* +3  ���  �'(�%) *�+%'(�. 

Table of Key Provisions

Eurocode 2:  Design of 

concrete structures -  

Part 3:  Liquid retaining 

and containment 

structures - 2006
European Committee for Standardization

Eurocode � is a four-part series of documents 

addressing the design of buildings and civil 

engineering works in plain, reinforced and 

prestressed concrete. It complies with the 

principles and requirements for the safety and 

serviceability of structures, the basis of their 

design and verification that are given in EN 

����: Basis of structural design. EN ����-� 

describes the principles and requirements for 

liquid retaining and containment structures, 

and is designed to complement EN ����-

�-� with the basic provisions.  Eurocode � 

is harmonized with referenced technical 

specifications (ENs and ETAs). 

REF DESCRIPTION

8.9 Indicates requirements for brasion resistance of concrete arising from: (<) 

mechanical attack from filling and discharging stored materials; (?) chemical attack 

from reaction between the stored material and concrete; and (9) physical effects 

from erosion and corrosion, including temperature effects and moisture.  Concrete 

is expected to remain serviceable for the design working life.

EUROPE EN <AA?-9 

Revision + Adoption Cycle

TBD.  

Region(s) of Use

European Union member bodies

Publication Language(s)

English, French, German (offi  cial); others 

permitted by CEN members with notifi cation
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Key Feature 1: Standardizes concrete classes and constituents for buildings 

and civil structures, but is also flexible, allowing regional provisions to be 

used if deemed valid.

�������  �"#$�%�#&% �"#$�'  (�&')� &�)� " *��" � &�% +)% ' #& %�)&')"'�, ' �)� "�)�% 

)&' � %� � �-#'% $ "�(� ' �%�&.  & %�)&')"'%.  0"�� "�) (#" )00 ���&. " .�#&)� �)� "�)�% �% 

� "���� '.

Key Feature 2: Defines tasks and technical responsibilities for the specifier, 

producer, and user from the initial design of the concrete mixture to 

placement by the user. 

0�)�% % 1 )&' 2 �&'�0)�  " *��" � &�% (#" �-  %� 0�(� ", �"#'�0 ", )&' �% " 4��- 

%���#"��&. �)&')�#"5 6&#"�)��$ 7 )&& 8 % 0 )&' ' (#" )''���#&)� �)%9% )&' � %�% �& 

%� 0�(�0)��#&, 0#&(#"���5, �&%� 0��#&, )&' 0 "��(�0)��#&. 

Key Feature 3: Relies upon prescriptive limit states, and is working toward 

performance-based concepts.

)��-#�.- )00 �� ' " .�#&)� � "(#"�)&0  � �-#'% )"  � "���� ', 0�)�%  :.;.; �&'�0)� % 

�-)� �������  � �-#'% )"  �& �-  �"#0 %% #( + �&. '#0�� &� ' )% %�)&')"'%.

Concrete - Part 

1:  Specifi ca@ on, 

performance, produc@ on 

and conformity - 2013
European Committee for Standardization

EN ��� is an umbrella standard (Table �) for 

a broad range of EN materials standards, 

testing standards, and assessment.  It specifies 

classes of concrete for "different climatic and 

geographical conditions, levels of protection, 

and well-established regional traditions and 

experience" and serves as the basis for EN ���� 

(Eurocode �), Design of Concrete Structures.  It 

allows specifiers to use other provisions if valid 

in the place of use.  Similarly, it incorporates 

"rules for the use of constituents that are 

covered by European Standards", and allows 

other constituents to be used if permitted 

in the place of use.  Concrete is deemed 

conforming (limit states) if exposure classes 

are selected correctly, there is minimum cover, 

the concrete is properly placed, compacted 

and cured, and appropriate maintenance is 

performed while in service.                                       

EUROPE EN FGH+AK :FGKL

Revision + Adoption Cycle

TBD  

Region(s) of Use

European Union member bodies

Publication Language(s)

English, French, German (offi  cial); others 

permitted by CEN members with notifi cation
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Table of Key Provisions

EUROPE EN ���:���� cont'd

REF DESCRIPTION

!.� Table � is an informative summary of proposed exposure classes, and can be modified for conditions in the place of use.  More than 

one of the exposure classes may be relevant for a particular application and should be considered.  Chemical exposure conditions are 

not included but the specifier is instructed to evaluate situations where the environment might be outside the limits of Table �, and 

consider local practices.

".�.� General requirements for concrete constituents - for example, constituents with established suitability for the intended use. Also 

gives guidance on establishing suitability.

".�.� (�) Constituents shall not contain harmful ingredients in such quantities as may be detrimental to the durability of the concrete of cause 

corrosion of the reinforcement and shall be suitable for the intended use in concrete.

".�.� (�) The concrete composition and the constituents for designed or prescribed concrete shall be selected (see �.�) to satisfy the 

requirements specified for fresh and hardened concrete, including consistence, density, strength and durability, taking into account 

the production process and the intended method of execution of concrete works.

".�.� (�) Where not detailed in the specification of concrete, the producer shall select types and classes of constituents from those with 

established suitability in provisions valid in the place of use for the specified environmental conditions.

".�.� (!) In the case of designed concrete, the limiting values shall be specified in terms of minimum or maximum values and in the case of 

prescribed concrete, the composition shall be specified by target values.

".�.� (") For standardized prescribed concretes, the provisions valid in the place of use shall specify the prescription and list the types and 

categories of constituent materials with established suitability. These prescriptions shall satisfy the criterion for adoption of initial 

tests given in A.".

".�.� (�) Cement shall be selected from those for which the suitability is established, taking into account the: execution of the work; intended 

use of concrete; curing conditions (e.g. heat treatment); dimensions of the structure (the heat development); environmental 

conditions to which the structure is to be exposed (see !.�); potential reactivity of aggregate to the alkalis from the constituents.

".�.�." 

(�)

Where aggregates contain varieties of silica susceptible attack by alkalis and the concrete is exposed to humid conditions, actions 

shall be taken to prevent deleterious alkali-silica reaction using provisions valid in the place of use.

".�.! (�) Water recovered from processes in the concrete industry on its own or combined with potable water or ground water conforming 

to EN ���# may be used as mixing water for concrete with or without reinforcement or embedded metal and also for prestressed 

concrete, provided the requirements according to EN ���# are met.

".�.".� Use of additions is prescribed in terms of initial tests and conformance with requirements, and introduces the k-factor perfomance 

requirement of ".�.".� (�).

".�.".� 

(�), (!), 

("), (�)

The suitability of the k-value concept and the principles of the equivalent performance concepts (equivalent concrete performance 

concept (ECPC), equivalent performance of combinations concept (EPCC)) are established and reference additional sections in 

".�.".�.�, ".�.".�.� and ".�.".�.!..

".�.".�.� 

(�)

The k-value concept is a prescriptive concept. It is based on the comparison of the durability performance of a reference concrete 

with cement "A" against a test concrete in which part of cement "A" is replaced by an addition as function of the water/cement ratio 

and the addition content.

".�.".�.� 

(�)

The k-value concept permits type II additions to be taken into account: by replacing the term “water/cement ratio” with “water/

(cement + k × addition) ratio”; and the amount of (cement + k × addition) shall not be less than the minimum cement content required 

for the relevant exposure class.

".�.# Chloride content requirements are specified and summarized in Table �".

�.� (�) Concrete shall be specified either as designed concrete referring in general to classification or target values or as prescribed concrete 

by prescribing the composition. The basis for designing or prescribing a concrete composition shall be results from initial tests or 

information obtained from long-term experience with comparable concrete.

Annex F An informative Annex, recommendations for the choice of the limiting values of concrete composition and properties in relation to 

exposure classes, and values in Table F.� are based on the assumption of an intended design working life of the structure of "� years.  
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Key Feature 1: Ties materials deterioration into structural reliability analysis 

to predict the failure of a component.

Key Feature 2:  Relies upon service life prediction of ISO 15686 and 

deterioration testing or modeling of durability.

Key Feature 3: Applies to structures whenever a minimum service life is 

needed, either new or existing structures.  Can also be applied to non-

structural components that can affect the durability of the structural system.

��� �� �!"#�!��$�% �� $&� %�'�(� "&�'�, �' )�## �' "#�����( !���$������, *�"��* ��% 

*�"#���!��$ )+*-.  �/�'$��( '$*0�$0*�' ��� &�1� �%%�$�+��# $�'$��( ��% %+�0!��$�$�+� 

$&�$ ��2+*!' 0'�*' +2 $&�' '$��%�*% *�(�*%��( $&� "�*2+*!���� +2 $&� '$*0�$0*� 1�*'0' 

$&� +*�(���# %�'�(� ��$��$.  �'+ 34566 - ��'�' 2+* %�'�(� +2 '$*0�$0*�' - �''�''!��$ +2 

�/�'$��( '$*0�$0*�' �' 0'�20# $+ �''�(� #+)�* $�*(�$ *�#����#�$8 #�1�#'.

ISO 13823 General 

principles on the 

design of structures 

for durability - 2008 

(Reapproved 2018)
ISO

This International Standard addresses 

materials-related failure and verification of 

durability of structures, and is envisioned 

as a companion document to ISO ���� 

General principles on reliability for structures, 

which uses limit-states to verify resistance 

of a structure to gravity, wind, snow, and 

earthquakes.  ISO ����� standardizes "the 

evaluation and design of structures for 

durability by the incorporation of building-

science principles into structural-engineering 

practice.  It is intended..(to) be used in parallel 

with ISO �!#�# (all parts) on service-life 

planning for buildings and construction assets.  

Service-life prediction of structures based 

on the modelling of durability, in addition to 

experience and testing.. are described."

Revision + Adoption Cycle

GLOBAL ISO @CDEC 

All standards are considered for revision at least 

every 5 years.  No adoption cycle.  

Region(s) of Use

Global standard; used wherever referenced.

Publication Language(s)

English, French
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REF DESCRIPTION

�. "This ISO specifies general principles and recommends procedures for the verification of durability of structures subject to known or 

foreseeable environmental actions, including mechanical actions, causing material degradation leading to failure of performance."

!.� "This International Standard recommends the use of the limit-states method shown in Figure � for the design and verification of 

structures for durability. For any component of the structure, this requires an understanding of the structure environment (!.�), 

the transfer mechanisms (!.�), the environmental action (!.#), leading to action effects (!.$) that can result in the failure of the 

component"

!.! " Limit States: (�) Ultimate limit state: failure, (�) Service: local damage, change in appearance, and relative displacements that affect 

function or appearance, (�) Initiation Limit State: the initiation of deterioration that precedes the occurrence of the serviceability or 

ultimate state."

%.� "The service life of the structure and its components shall meet or exceed the design life."

%.�.� "The basic durability requirement from %.� shall be checked either by service-life format (%.�.�) or limit-states format (%.�.�)."

%.�.� "The service-life format consists in specifying the design life, td, of the component or structure in accordance with Clause � and in 

determining the predicted service life, tsp, of the component or structure in accordance with Clause & for a target reliability selected 

in accordance with �.!."

%.�.�.� "The basic requirement for the ultimate limit state (ULS) defined in !.!.� at any time t during the design life of the component, td, is 

given by equation $, the resistance capacity, R(t), is greater or equal to the action effect, S(t)."

%.�.�.� "The basic requirement for the serviceability limit states (SLS)at any time, t, during the design life of the component, td, is given by 

Equation (%), the serviceability state Slim > than the action effect, S(t)."

%.�.�.� "The basic requirement for the initiation limit state can be evaluated in accordance with the ULS  or SLS by assuming that exposure 

(Y�,t) = *"

�.� "The design life of a structure should be agreed with the client and appropriate authority. Table � in ISO ��&#:�&&� gives typical design 

life categories."

�.� "The design life of a component should be determined considering: the design life of the structure (�.�), exposure conditions, 

difficulty and cost of maintenance or replacement (�.#), the consequences of failure of the component in terms of costs of repair, 

disruption and operation, and the hazard to users or other (�.$ and Table �), current and future availability of suitable components, 

and technical or functional obsolescence."

&.�.� "The predicted service life of the components or the structure shall be assessed taking into account: experience (&.�), modelling (&.�) 

and testing (&.#)."

&.� Prediction based on experience relies on data and inspection of existing facilities per ISO �$!�!-�, as well as local experience with 

similar structures and environmental actions.  If sufficient experience is not attainable, then modeling and research per &.� is 

necessary.

&.� Modeling can be conceptual (based on Figure �), mathematical using materials models, or testing (standard tests based on principles 

of Figure �).

�*. Summarizes the durability design strategy using service life planning, execution of quality construction and verification of details, 

and a general plan to design all materials and components in an assembly to exceed the desired design life, without maintenance 

and repair.  Even so, a maintenance plan and assumptions made in the design phase should be considered, and finally, at what point 

replacement is merited.

Annex 

A.�

Within non-mandatory (informative) annex, example of service life of concrete structure determined by carbonation-induced 

corrosion is included.  Both the limit-states approach (A.�.�, Figure A.%) and service life format (A.�.�) are described.

Annex D Non-mandatory (informative) annex decribes examples of environmental actions for structural materials and their control.  Table D.� 

contains suggestions for concrete and steel corrosion in concrete environment.

Annex E Non-mandatory (informative) annex includes Table E.� - Example of procedures and communications for ensuring durability.
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C.1 General 

To facilitate a broader understanding of how durability concepts are perceived or approached by 

Codes and standards developers or users of the information (e.g., academics, design professionals, 

concrete producers, contractors), the following questions were developed and distributed by email 

to Australia, Canada, China, Japan, and the United States.  Philosophically, the investigators were 

interested in feedback from country representatives with well-documented durability provisions to 

compare and contrast these views with the United States. The investigators were also interested in 

more general, open-ended questions that would allow the respondent to answer as freely as 

possible.  Any specific references to their location, place of work, or branded products have been 

replaced with generic terms in parentheses. 

 

At the time of this report, responses to these questions were returned in written form, or the 

investigators conducted approx. 45-60 minute interviews of the respondent. Not all requests for 

information have been returned at the time of report issue; only respondents from Canada and the 

United States have returned their information.  

 

If an interview was performed, the process took on more of a discussion format, and only questions 

pertinent to the respondent were covered, and occasionally additional follow-up questions were 

asked.  

 

Given the non-statistical approach to this questionnaire and the lack of demographic analysis, the 

following responses to the questions should be considered anecdotal and the sole opinion of the 

respondent. Nevertheless, the investigators believe that this preliminary information could serve as 

a starting point for a broader, more statistically rigorous process, one that would solicit feedback 

from the following groups: 

1. Countries with and without building Code concrete durability provisions 

2. A range of concrete producers and users, including but not limited to:  concrete and base 

materials producers, academics, Code officials, consultants, design professionals---both new 

construction and repair and rehabilitation specialists, “typical” structural engineers that 

might not belong to a professional society related to concrete, concrete contractors, 

Owners, and more. 

3. Different ranges of time or experience as design professionals within the concrete 

community, either in new construction or repair and rehabilitation. 

 

TABLE C.1:  Summary of durability design questions and responses. 

QUESTION ANSWER(S) 
1. Do you think the 

current (insert 

country) 

durability design 

provisions are 

effective – i.e., 

will a structure 

designed to code 

• (Canada) With A23.1, the intent to provide flexibility in concrete 

production for both design professional and concrete producer. 

It works, but yes and no.  It is used more as a guide – not set in 

stone.  Provinces and municipalities can vary adoption practices, 

accepting, changing or deleting provisions.  It is the case that CSA 

will indicate a higher strength or requirement, and provinces and 

municipalities will make these less or more stringent.  The CSA 

does not dictate what happens. 
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achieve the 

expected design 

service life with 

minimal future 

interventions or 

repairs? 

• (Canada) ACI – woefully inadequate for durability.  ACI 201 was 

more state of the art. ACI code committee contain mostly 

structural engineers, with few materials people.  Specifically: 

o ACI 318 addresses chlorides, w/c, and f’c ; no 

permeability.  Not state of art. 

o fib 2010 – maybe too far except for major structures.  

Attempts to model everything for major structures.  

o CSA A23.1 – in between fib2010 and ACI 318.  

Permeability requirements are related to rapid chloride 

permeability testing.  Moving to a more advance code 

with more flexibility, i.e. design professional can choose 

between different options such as increasing cover, 

reducing permeability, or using a different type of steel. 

o ACI is the bottom end of the scale.   

• (Canada) There are at least four relevant standards here: 

Canadian Standards Association (CSA) A23.1 “Concrete Materials 

and Methods of Concrete Construction”; A23.3 “Design of 

Concrete Structures”; CSA S6 “Canadian Highway Bridge Design 

Code”; CSA S413 “Parking Structures”.  I am a member of the 

technical committees responsible for A23.3 and S6 standards. 

Most of the durability provisions for concrete in buildings are 

given in A23.1.  I think they are effective.  The S413 Parking 

Structures standard was created because parking structures 

constructed to A23.1/A23.3 were not durable in the mid ‘90s 

when the first edition of the standard was published.  The 

durability provisions in the latest (2019) edition of CHBDC 

(Canada Highway and Bridge Design Code) are intended to 

encourage bridge owners to require more durable structures – 

many read like white papers, and will be difficult for engineers to 

follow in practices. 

• (Canada) Most places (US and Canada) it is superficial.  Positive 

movement in the direction (of better durability).  Most things are 

prescriptive.  

o 20 years ago in Canada - durability provisions for parking 

garages were added with multiple levels of protection.  

Forces people to think about it.   

o US – biggest thing – FHWA policy paper for 75 year 

design life for new bridges.  Forced issue in US.  Not in 

actual AASHTO – prescriptive code only.  Policy is 75 

years.  Real change in bridge market is in process. 

• (United States) Service life of 50 years?  In conditioned, or 

minimally exposed, environments – yes.  Exposed to the 

elements or other corrosive environments – no. 

• (United States) In non-exposed environments there is a long 

history of good performance. While my experience is with 

buildings/garages. I tend to find when I deviate from local 
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experience things are much worse. I worry over specification by 

designers makes things worse. 

• (United States) Yes, I believe they are effective, however, all 

structures require maintenance. And it is with the proper 

maintenance that you can achieve or exceed the expected 

service life. 

• (United States) I think the provisions are effective. On projects I 

have worked on the durability issues are almost always due to 

field changes – workers adding water on site for workability, 

batch plant forgets to add air entraining admix, etc. 

2. Do you think 

design 

professionals 

(currently in 

practice) 

understand and 

are comfortable 

with 

implementing the 

durability 

provisions 

contained in the 

design codes?   

• (Canada) No, it is common to encounter structural engineers that 

assume the concrete plant knows what to supply for the 

concrete, and even fundamentals like air-entrainment for freeze-

thaw resistance, or managing mass concrete are not understood 

at all.  There are too many cut and paste specifications out there.  

There is little to no academic training in durability. 

• (Canada) Our provincial engineers follow Code, and there is 

some level of durability from following the Code.  However, if 

you follow code without understanding – no flexibility.  Conflicts 

inherent associated with lack of understanding.  Mass 

placements are problematic for any Code:  example - chloride 

exposure may require high cementitious material content, but 

that increases heat production.  

• (Canada) For special structures, design professionals will engage 

an experienced durability consultant. 

• (Canada) Basic durability questions – yes. Most design 

professionals accept maximum w/c (or w/b) ratios, minimum 

cover, and similar requirements.  Most also are aware of the 

need to proactively manage water travel across a bridge or 

building exterior to minimize durability concerns. 

• (Canada) Code provisions – people are okay.  Less comfortable 

with FHWA mandate.  Mandate is for an outcome, not design 

checklist. 

• (United States) I assume this means concrete mixes, concrete 

cover, maximum bar spacing, and the like.  If so – yes. 

• (United States) I think those in infrastructure do, but typical 

building structural engineers have very low technical knowledge. 

• (United States) Yes, the Exposure Categories and Classes in the 

Code are explicit and the provisions are relatively easy to follow. 

• (United States) My company performs approximately 5-10 peer 

reviews of structural designs each year for contractors as part of 

their risk mitigation process. In our experience the drawings and 

specs we are reviewing are all over the map in regards to 

consistency with the ACI Code – w/c ratios not conforming to ACI 

recommendations, air entrainment percentages not conforming, 
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not specifying exposure categories and classes in the 

Construction Documents, etc.  

o Generally speaking, structural engineers want to have 

something to refer back to… “Why did you do that?” 

“Because ACI 318 recommended/required it.”  

o In my opinion structural engineers would make more of 

an effort to conform to the ACI Code if they were familiar 

with the durability requirements. I think many 

engineering firms use the same Structural Notes and 

Specifications that they have always used and don’t put 

the effort into updating them to match currently 

adopted Codes. 

o Not durability related but emphasizing my point, I would 

guess there are very few structural engineers who are 

aware that ACI 318 recommends more 4”x8” 

compressive strength cylinders than 6”x12” cylinders. I 

was speaking to a structural testing and inspecting firm 

engineer on Friday asking him to refer to my Structural 

Notes and make more 4”x8” as part of their onsite 

testing. I forwarded him the ACI 318 section suggesting 

(3)-4”x8” cylinders. He said the quantity of cylinders his 

firm sees on drawings varies widely. He said the latest 

strange requirement that he saw on Drawings was for a 

13-story condo unit in Florida which required (4)-4”x8” 

cylinders be made and tested as follows: (1) 28-day and 

(3) 56-day breaks. 

o All of this to say I don’t think it’s intentional non-

conformance but rather ignorance of the Code 

provisions. 

• (United States) Yes, specialists in utility structures, wastewater, 

nuclear, and even parking garage specialists understand what it 

takes to make an exposed structure.  However, for the buildings, 

it is hard for an Owner to know if someone is qualified and 

experienced in these structures, and non-specialized engineers 

can design poorly without an understanding of the durability 

requirements. 

3. Are the durability 

provisions for 

design consistent 

with the state of 

construction 

practice?  What 

needs more 

improvement – 

the state of 

design or state of 

• (Canada) Hard for me to answer – I’m not particularly familiar 

with the state of construction practice. There are Canadian 

examples of exceptionally durable structures: the Confederation 

Bridge between New Brunswick and Prince Edward Island is, for 

example, a remarkably durable structure constructed in the mid 

‘90s using high-performance concrete.  The precast surfaces still 

have the sheen of being cast in metal forms. 

• (Canada) Inspection and quality control practice is the limiter on 

durability.  Contractor motivation is to get job completed.  Lack 

of quality control is major factor in durability and is similar for 
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construction 

practice? 

both US and Canadian practice.  Someone has to be prepared to 

pay for inspection.  Owner paying for quality control is better 

path.   

• How can QC process be improved – get more people involved in 

QC process.  We take cylinders, but do not necessarily measure 

cover slopes, cover, etc. 

• (United States) Both.  I think any reinforced concrete not in a 

conditioned environment needs an admixture like (water 

penetration admixtures) to obtain real corrosion resistance for 

steel reinforcement.  Unless it’s prestressed.  My perception is 

that the general quality of CIP concrete construction is not good 

(formwork, bar placement, voids and vibrating practices, 

concrete mix/delivery issues). 

• (United States) State of design for common buildings/garage is 

ok, good contractors are great, low performing contractors are a 

nightmare. Can we focus on ‘raising the bottom 10%’ somehow? 

• (United States) In my opinion the provisions are consistent with 

the state of construction practice. I think the state of design is 

adequate, so it is really up to the inspections and testing 

provided by the special inspectors during construction to ensure 

that what is provided meets what is specified. 

• (United States) Yes, they are consistent. The construction 

practice needs more improvement. Unfortunately, the 

Contractor will typically place concrete that arrives on site, even 

if it’s out of spec, rather than rejecting it in order to stay on 

schedule. It also doesn’t seem to matter how many times a 

foreman or I tell a worker not to add water to plastic concrete, 

they still do it. 

4. Are contractors 

concerned about 

the expected 

durability of the 

structures they 

are constructing? 

• (Canada) Builders seem to not be concerned about end result—

they care about making the construction schedule and getting 

paid.  The concrete producer can only go so far to counter what a 

builder will do onsite (e.g., watering down the concrete rather 

than buying a mid-range water reducer or superplasticizer). 

• (Canada) What you do not see, does not harm you.  Personally, 

not heavily involved in construction stage and not on site often.  

Not qualified to answer.  People in construction do not know 

better, though, than the durability experts. 

• (Canada) Hard for me to answer but I think generally yes.  

Reputable contractors care about their reputations!  

• (Canada) Not in new construction segment and not in sense of 

durability.  Get project completed and signed off.  Not thinking 

about what will happen 20 years in the future.   

• (United States) I’m sure there are some, but again, my 

perception is generally no. 

• (United States) In typical buildings/garages I think they are not. 

As engineers (and codes even) increase restriction it gives them 
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more room to ‘blame the code’ or ‘blame the designer’. Is a 

‘certification model’ like that done for post-tensioning 

contractors somehow make sense? This bring focus on best 

practices, gives engineers more confidence in areas they 

generally lack knowledge, and lets them cut costs where most 

appropriate. 

• (United States) In our practice, most contractors are primarily 

concerned with providing only what is required by the 

Construction Documents, and how it can be achieved with the 

least amount of cost. 

• (United States) I would say Contractors are concerned with the 

expected durability but it takes a back seat to construction 

schedule. They are more likely to adhere to it when it’s 

convenient. 

5. What additional 

guidance or tools 

are missing from 

durability design 

processes? 

• (Canada) ACI durability guide (ACI 201) is a useful document.  fib 

model code a bit too complicated.  Durability standard that 201 

creates may be useful???  Hard to see how it will unfold.  

Followup question:  Are designers aware of ACI 201?  Most 

people are not involved in ACI and perhaps information is not 

getting out. 

• (Canada) Properly classifying exposure is critical.  Nothing in ACI 

318.  Chloride resistance values in ACI 318 are out of step with 

rest of ACI documents.   

• (Canada) More on the need to proactively manage water 

travel.  The most important number in this regard is a “quarter 

inch per foot” 

• (Canada) Inspection is missing.  Ultimately – testing and 

confirmation of parameters that we are achieving durability.  

Test for strength, but not typically permeability.  Measure critical 

factors for permeability.  Slope and drainage are critical for 

durability – not measured. 

• (United States) Simple, easy-to-obtain, universal guidance in one 

source: concrete cover + admixtures + fiber reinforcement and 

their combined effect in varying quantities to cracking and 

durability. 

• (United States) Not sure. 

• (United States) I don’t think anything is missing from the process, 

it is preferred that everything is in one place and that would be 

in the Code. 

• (United States) Making structural engineers open the early 

chapters of ACI 318 so they are aware of the requirements and 

recommendations. 

6. What are the 

lessons learned 

from 

implementation 

• (Canada) CSA has exposure classes similar to ACI 318.  Sulfates 

are similar to 318. CSA has permeability limit. CSA instructive on 

limiting exposure to ASR. There is also twenty-plus years of 
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of advanced 

durability codes 

and standards? 

experience with ASR.  ASR guidance in CSA similar to ASTM 

C1778, AASHTO T80.   

• (Canada) See previous comment on the CHBDC (Canada Highway 

and Bridge Design Code) provisions – they are somewhat of a 

“motherhood” variety and will be difficult for practitioners to 

demonstrate that they have been successfully met. 

• (United States) I have little experience with these. 

• (United States) I have not implemented ‘advanced’ standards. 

• (United States) That good testing and inspections during 

construction is crucial. 

• (United States) I don’t think the effects of ACI’s expanded 

requirements and recommendations will be realized for years 

but for me personally, it’s nice to have the information and 

guidance available to include in my Construction Documents, I 

just have to know where to look. 

7. How important 

to you is it, 

philosophically, 

that durability is 

performance-

oriented?  Or can 

durability be 

achieved via 

prescriptive 

requirements for 

structural design, 

concrete 

materials, 

reinforcing steel 

and construction 

requirements?  

• (Canada) Durability must be performance oriented.  But it has to 

be a combination of performance observation and prescriptive 

requirements – we have to continue to identify and specify best 

practices and minimum requirements. 

• (United States) Performance oriented is best, with alternative 

prescriptive requirements (if the owner doesn’t know any 

better). 

• (United States) (Consistent with my previous) responses, 

performance-based approaches are a win-win for the contractor 

and engineer IF the contractor is experienced and competent 

(i.e. certification). 

• (United States) I believe that it can be achieved via prescriptive 

requirements. 

• (United States) I’ve read the article in Concrete International 

(August 2015) which recommends not specifying w/c ratios and 

other prescriptive properties but rather outlining the 

performance requirements and letting the concrete supplier 

design a mix accordingly. I think this works on the largest and 

highest profile projects but not for 90% of the projects I work on. 

I think prescriptive requirements are more likely to be followed 

because concrete suppliers do not have the resources available 

to tailor a concrete mix for a project which may only receive 150 

cy total. 

8. Is the state of 

durability design 

practice 

improving?  What 

are barriers to 

improvement? 

 

• (Canada) Contract law can be a barrier to improving durability: 

payments are processed usually on a monthly schedule.  Some 

durability requirements like tests for rapid chloride permeability 

testing need 90 days to complete, and yet the 28 day payment 

schedule will sometimes trigger non-scientifically oriented 

acceptance criteria to be set.  There appears to be a fundamental 

lack of respect for science.  To improve practice, recommend 
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design professionals spend time with an actual concrete 

producer. 

• (Canada) Practice is improving with time.  Reasons – not sure.  

Expectations for structures are improving.  75-100 year design 

life is becoming the norm.  Education is getting a bit better, but 

more education on durability is necessary. 

• (Canada) I think yes – owners are gradually becoming more 

aware of the need to consider the lifetime cost of a structure, 

not just the first cost.  I was on a committee that worked with 

the architect/engineer design team that designed a new 

engineering building at (my university) (100,000 sq. ft.): the 

participants from (my university)’s Facility Management group 

were very concerned about durability in virtually every aspect of 

the construction.  Given we have a provincial premier who 

announced a 10% tuition cut last week with no additional 

funding to the universities, it is the only perspective to have! 

• (Canada) Again, it’s about inspection and the need to verify 

durability parameters during construction, like drainage.  Five 

years ago – different answer.  FHWA expected performance.  

More powerful that it was expected to be.  Policy statement for 

expected durability.  Repair code – requires consideration of 

design service life.  Should be stated and agreed to by Owner and 

Design Professional.  Pass the information along to contractor, 

etc. 

• (United States) My sense is that too much is proprietary (e.g. 

admixtures and fiber reinforcement).  They should go the route 

of post-installed anchors: keep the products proprietary to 

promote innovation, but the results from product testing feed 

into a common platform for design by engineers. 

• (United States) Not sure. 

• (United States) I think it is definitely improving, the durability 

provisions in the Code are far advanced from when I started 

designing structures in the 1980s. 

• (United States) Yes, it is improving. The main barrier is informing 

designers, contractors, and the concrete subs (placers, finishers, 

etc.). 

9. From an 

educational 

perspective, how 

are students 

learning about 

durability design 

in (insert 

country), if at 

all?  

• (Canada) Lots of durability conferences, but preaching to the 

choir. A lot of improvements – financial institutions are putting 

weight onto durability.  Most DOTs are using multiple lines of 

defense to corrosion.  In my province – high performance 

concrete, membrane, and corrosion inhibitor are required for 

every element above the bearing level.  Girders, deck, barrier 

walls all have additional level of corrosion protection. 

• (Canada) At (my university), we have separate concrete and 

concrete materials courses and they are not terribly integrated.  I 
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 teach steel design and try to integrate material information with 

structural design requirements. 

• (Canada) Most students – deer in headlights about durability 

design.  My daughter, in a Canadian engineering masters 

program, is taking concrete durability class.  Class is atypical.  

Students have interest, but may not have access to classes.  Tie 

to sustainability and environment. We cannot afford from any 

perspective for concrete structures to last 20 years and need to 

be replaced. Need concepts of immunity in design and design by 

avoidance: 

o Immunity design – use FRP rebar in chloride 

environment, etc. 

o Avoidance – eliminate potential hazards, eliminate 

joints, etc. 

• (United States) On the job.  Not in my experience. 

• (United States) Principles are taught, but how they inform code is 

not well addressed. Bridging this gap helps reinforce the code. 

• (United States) It has been a long time since I’ve been in school, 

so I don’t know the answer to this one. 

• (United States) I don’t remember durability courses when I was 

in school. My training has been while working for structural 

engineering design companies. 

10. Is there a single 

comment that 

you would like to 

make about 

concrete 

construction in 

your area? 

• (Canada) There is a problem with CSA development:  not enough 

producers in the document development process.  Too many 

consultants and academics are involved and not contractors or 

enough producers. 

• (Canada) Not really.  It is reasonably well done.  No post-

tensioned buildings in our part of the world – I gather a 

contractor tried one over a quarter of a century ago and lost his 

shirt! 

• (Canada) Need mandate – to get people aware.  Be aware of fake 

math in service life models.  Europeans have gone this way, and 

it may be bad direction.  Anomalies and construction problems 

make these models less than useful.   

• (United States) CIP concrete leaves a lot to be desired in the 

constructed result, from a design point of view. 

• (United States) We see fully enclosed buildings in SF using fully-

encapsulated post-tensioned systems because the industry 

decided it was appropriate for initial and long-term durability 

despite added costs; yet we see regular durability problems with 

exposed concrete due to cracking then corrosion of steel. 

Contractor blames engineer for a bad spec and designer blames 

contractor for poor construction. How is it one industry ‘self-

advances’ with fully encapsulated systems while others cut-cost 

and performance due to fiscal pressure? 
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• (United States) Based on our practice, the cost of construction is 

very competitive, and an extra dollar is not spent unless it is 

required. Therefore, the durability design has to be in the form 

of Code provisions, otherwise its use will be very limited. 

• (United States) The lack of carpenters has driven the price of 

concrete up. 

11. Who else do you 

think we should 

talk to about this 

topic?   

 

• (Canada) Concrete producers and the cement association 

• (Canada) Cement association and the current chair of the Canada 

Highway and Bridge Design committee on durability. 

• (Canada) Bridge designer. 

• (United States) Concrete subcontractors. 

• (United States) Ask structural spec writers at firms to specifically 

respond. At the moment we do not have one, but most firms do. 

• (United States) Possibly Architects and Owners/Developers. 

• (United States) Structural testing and inspecting firms. 

12. If you were 

designing a “new 

condominium 

building in 

Miami, Florida” 

and the Owner 

wanted “75 yrs of 

design service 

life” for the 

exposed concrete 

features, what 

would you do? 

• (United States) 20 yrs ago – I would go to the Code and make 

sure I’m compliant with that.  I assumed that the Code would 

help me with some sensible guidance about how to proceed.  I 

would not know how to assure anyone how to achieve 75 yrs. In 

the last 20 yrs - I now know that there are ways to design and 

model (tools) for durability, and I would explore those to meet 

the 75 yr design service life. 
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