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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 13823 was prepared by Technical Committee ISO/TC 98, Bases for design of structures, Subcommittee 
SC 2, Reliability of structures. 
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Introduction 

The limit-states method, as developed in ISO 2394, has been adopted and used for preparing and 
harmonizing national and regional structural design standards and codes around the world. Although 
ISO 2394 includes durability in its principles, the limit-states method has not been developed for failures due 
to material deterioration to the extent that it has for failures due to actions such as gravity, wind, snow and 
earthquake. Also, many premature failures have occurred because of a lack of understanding of material 
deterioration in the structural engineering profession. 

The first objective in developing this International Standard is to improve the evaluation and design of 
structures for durability by the incorporation of building-science principles into structural-engineering practice. 
These principles are now being taught in engineering courses in many countries. This goal is achieved by the 
incorporation of these principles into the limit-states method currently used in structural engineering practice 
and defined in ISO 2394, and by the use of a common, user-friendly terminology for physical phenomena. 

Developments have recently taken place in mathematical modelling of the mechanisms that cause material 
deterioration and failure. There is a need to harmonize the use of these models in practice by using the limit-
states method and a common terminology. 

The second objective in developing this International Standard is to provide a framework for the development 
of mathematical models to predict the service life of components of the structure. Such models are currently 
being developed, for example, for concrete slabs subjected to chloride diffusion from de-icing salts. These 
models are material-dependent and, therefore, are being developed by other ISO/TCs. The goal of this 
International Standard is to ensure that all analytical models are incorporated into the limit-states method, the 
same as currently used for the verification and design of structures for gravity, wind, snow and earthquake 
actions. 

While this International Standard does not address design procedures for durability, it lays a solid foundation 
by identifying a process starting from the structure’s environment, followed by mechanisms that transfer this 
environment into environmental actions on component materials leading to action effects, such as damage 
(see Figure 1). It is necessary to take this cause-and-effect process into account in developing methods for 
the prediction of service life. 

This International Standard is intended to serve a similar unification role as ISO 2394 has had over the past 
30 years for the verification and design of structures against failure due to mechanical actions, such as 
gravity, wind, snow and earthquake. 

This International Standard does not directly address sustainability for structures, except through referencing 
in notes in 8.4 and Clause 10. Most considerations of sustainability, such as the choice of material as it affects 
waste and energy consumption, are outside the scope of this International Standard. Sustainability 
considerations in the future, however, are expected to increase the emphasis on choice of materials, 
technologies, inspectability, maintenance, repair and replacement in the planning and design of structures. 

It is intended that this International Standard be used in parallel with ISO 15686 (all parts) on service-life 
planning for buildings and construction assets. Service-life prediction for structures based on experience and 
testing are contained in ISO 15686 (all parts). Service-life prediction of structures based on the modelling of 
durability, in addition to experience and testing, using conceptual as well as mathematical models, are 
described in this International Standard. 
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General principles on the design of structures for durability 

1 Scope 

This International Standard specifies general principles and recommends procedures for the verification of the 
durability of structures subject to known or foreseeable environmental actions, including mechanical actions, 
causing material degradation leading to failure of performance. It is necessary to ensure reliability of 
performance throughout the design service life of the structure. 

Fatigue failure due to cyclic stress is not within the scope of this International Standard. 

NOTE Reference can be made to ISO 2394 for failure due to fatigue. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 2394:1998, General principles on reliability for structures 

ISO 3898:1997, Bases for design of structures — Notations — General symbols 

ISO 8930:1987, General principles on reliability for structures — List of equivalent terms 

ISO 13822:2001, Bases for design of structures — Assessment of existing structures 

ISO 15686-5, Buildings and constructed assets — Service-life planning — Part 5: Life-cycle costing 

ISO 15686-6, Buildings and constructed assets — Service life planning — Part 6: Procedures for considering 
environmental impacts 

AS 5604, Timber — Natural durability ratings 

3 Terms and definitions 

3.1 
action effect 
S 
effect of an environmental action on a component of a structure (e.g. damage, reduced resistance, internal 
force, displacement, change in appearance) 

3.2 
agent 
chemical or biological substance or physical process (e.g. UV) or biological (e.g. insect attack) process that, 
alone or together with other agents, including contaminants in the material itself, acts on a structure or 
component to cause material degradation 

3.3 
basic variable 
variable describing the structure environment, transfer mechanism, environmental action, action effect, 
material property or geometrical quantity 
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3.4 
characteristic value of a basic variable 
specified fractile of the variable determined in accordance with ISO 2394 

3.5 
characteristic 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 

3.6 
component 
any part of the structure and any non-structural part that may affect the durability of the structure 

3.7 
degradation 
material deterioration or deformation that leads to adverse changes in a critical property of a component 

3.8 
design value of a basic variable 
factored characteristic value of the variable determined in accordance with ISO 2394 

3.9 
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 

NOTE This term is equivalent to design working life in ISO 2394:1998, 2.2.15. 

3.10 
durability 
capability of a structure or any component to satisfy, with planned maintenance, the design performance 
requirements over a specified period of time under the influence of the environmental actions, or as a result of 
a self-ageing process 

3.11 
environmental action 
chemical, electrochemical, biological, physical and/or mechanical action causing material degradation of a 
component 

NOTE 1 See Figure 1. 

NOTE 2 See also environmental influences in ISO 2394:1998, 6.3. 

3.12 
failure 
loss of the ability of a structure or component to perform a specified function 

3.13 
initiation limit state 
ILS 
state that corresponds to the initiation of significant deterioration of a component of the structure 

NOTE See 6.6. 

3.14  
limit state 
state beyond which a structure or component no longer satisfies the design performance requirements 

3.15 
maintenance 
combination of all technical and associated administrative actions during a component’s service life (3.21) 
with the aim of retaining it in a state in which it can perform its required functions 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 13

82
3:2

00
8

https://standardsiso.com/api/?name=ed2f4d09570ab4ab7dd7906315e5d949


ISO 13823:2008(E) 

© ISO 2008 – All rights reserved 3

3.16 
model 
simplified conceptual or mathematical idealization or test set-up simulating the structure environment, transfer 
mechanisms, environmental action, action effects and structural behaviour that can lead to failure 

NOTE See Figure 1. 

3.17 
partial factor method 
calculation format in which allowance is made for the uncertainties and variabilities of the basic variables by 
means of characteristic values, partial factors and, if relevant, additive quantities 

3.18  
predicted service life 
service life (3.21) estimated from recorded performance, previous experience, tests or modelling 

3.19 
reliability 
ability of a structure or component to satisfy the specified design performance requirements within the design 
service life 

3.20  
repair 
restoration of a structure or its components to an acceptable condition by the renewal or replacement of worn, 
damaged or deteriorated components 

3.21 
service life 
actual period of time during which a structure or any of its components satisfy the design performance 
requirements without unforeseen major repair 

3.22 
serviceability limit state 
SLS 
state that corresponds to conditions beyond which specified serviceability requirements for a structure or its 
components are no longer satisfied 

NOTE See 6.6. 

3.23 
structure environment 
external or internal influences (e.g. rain, de-icing salts, UV, humidity) on a structure that can lead to an 
environmental action 

NOTE See Figure 1. 

3.24 
transfer mechanism 
mechanism by which influences in the structure environment are, over time, transferred into agents on and 
within components or prevent such transfer 

NOTE See Figure 1. 

3.25 
ultimate limit state 
ULS 
state associated with collapse, or with other similar forms of structural failure 

NOTE See 6.6. 
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4 Symbols 

P probability 

Pf probability of failure 

Ptarget target probability of failure 

Ptarget,SLS target probability of failure, serviceability limit state 

Ptarget,ULS target probability of failure, ultimate limit state 

R resistance 

R  mean resistance 

S action effect 

S  mean action effect 

Slim serviceability limit 

t time, expressed in years 

tD design life, expressed in years 

texposed time after initiation of degradation, expressed in years 

tref reference service life, expressed in years; see 9.3.2 

tS service life, expressed in years, that occurs or that is represented by a mathematical probability 
function 

tSk characteristic value of tS, expressed in years 

tSP predicted service life, expressed in years 

tstart time to initiation of degradation, expressed in years 

Xi basic variable for modelling tstart, S and R 

Yi basic variable for modelling texposed, S and R 

γS partial factor for predicted service life; see Equation (4) 

 

5 Application 

It is the intention that the general principles in the verification and design of structures and components for 
durability in this International Standard be used whenever a minimum service life is required, for new 
structures as well as for the assessment of existing structures. 

The considered components include non-structural components that can affect the durability of the structure. 

NOTE Because of the complex nature of the degradation and damage of structures, durability of structures is related 
not only to structural components but also to non-structural components. However, non-structural components, such as 
equipment, are generally not included in this International Standard because they are normally easily replaced. 

The general principles apply to the design phase as well as to planning maintenance, repair and replacement 
measures, in failure investigations, etc. However, additional considerations can apply to existing structures. 

For existing structures, procedures and criteria in this International Standard may be modified to take into 
account inspection and test results concerning the quality of workmanship, conditions of maintenance and 
variation in the durability of materials. In addition, if they can be justified (see ISO 13822), lower target 
reliability levels may be used for existing structures. 
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6 Basic concepts for verifying durability 

6.1 General 

This International Standard recommends the use of the limit-states method shown in Figure 1 for the design 
and verification of structures for durability. For any component of the structure, this requires an understanding 
of the structure environment (6.2), the transfer mechanisms (6.3), the environmental action (6.4), leading to 
action effects (6.5) that can result in the failure of the component. 

For examples of the application of the limit-states method in Figure 1, see Annex A. 

NOTE Environmental action can also occur as the result of a self-ageing process (see 6.3, Note 3). 

6.2 Structure environment 

The structure environment contains influences, such as air, rain, contaminants, temperature, biological life and 
solar radiation, that provide agents such as moisture and oxygen that can affect the durability of components. 
These influences occur outside (climate, ground or body of water) or inside (climate, chemicals) the structure. 

For examples of influences in the structure environment, see Annex B. 

6.3 Transfer mechanisms 

Transfer mechanisms, such as gravity, condensation and drainage, promote or prevent transfer of 
environmental influences into agents causing environmental action on or within the components of the 
structural system. 

For examples of transfer mechanisms, see Annex C. 

NOTE 1 Modelling of the deterioration process requires an understanding of the transfer mechanisms and 
environmental actions leading to failure. These are based on knowledge of the materials of the components and the 
microclimate in the vicinity of the components of the structure. 

NOTE 2 Moisture, with or without contaminants, is the most important agent causing premature deterioration. The 
application of building science principles permits the generation of models — conceptual, mathematical or test set-up — 
for predicting the mechanisms, paths, volumes and forms of moisture that components are required to accommodate and 
to resist. 

NOTE 3 Transfer mechanisms can also include a manufacturing process that results in a self-ageing degradation 
without agents transferred from the structure environment, for example the addition of sea sand into the concrete mix. 

6.4 Environmental action 

An environmental action, such as corrosion, decay or shrinkage, is a chemical, electrochemical, biological 
(e.g. insect attack), physical (e.g. UV) or mechanical action causing material deterioration or deformation. 
Except for mechanical action, an environmental action is the consequence of the expected environmental 
agents, such as moisture, oxygen and temperature, the chemical, electrochemical and physical properties of 
the materials of the components, and the interaction of the different components, including electrochemical 
(e.g. galvanic corrosion) and physical (e.g. deformation) interactions. Environmental actions, such as 
corrosion of steel, decay of wood, shrinkage or freeze-thaw of cement-based materials such as masonry or 
concrete, can result in loss of performance. 

For examples of agents affecting different materials, see Annex B. 

For examples of environmental actions, see Annex D. 
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a Both conceptual and mathematical. 

Figure 1 — Limit-states method for durability 

6.5 Action effects 

Action effects include damage, loss of resistance, internal force/stress or unacceptable appearance due to 
material deterioration, or displacement due to material deformation. An action effect can result in the loss of 
performance as defined by one or more of the limit states given in 6.6. 

For examples of action effects, see Annex D. 

6.6 Limit states 

6.6.1 Ultimate limit state 

For material deterioration resulting in failure due to loss of resistance, the ultimate limit state is defined when 
the resistance of the component or structure becomes equal to, or less than, the internal mechanical force. 
See Clauses A.1 and A.2. 
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6.6.2 Serviceability limit states 

For material degradation, the serviceability limit states are defined by 

⎯ local damage (including cracking) or change in appearance that affects the function or appearance of 
structural or non-structural components, 

⎯ relative displacements that affect the function or appearance of structural or non-structural components. 

6.6.3 Initiation limit state 

This limit state is defined by the initiation of deterioration of a component that precedes the occurrence of the 
serviceability or ultimate limit states. The time to reach this limit state is designated by tstart in Figure 1. See 
Clause A.3. 

NOTE 1 A deterioration or deformation occurring on or inside a structure does not necessarily mean failure. Therefore, 
it is important to consider not only the environmental action and action effects, but also the limit states (e.g. fracture, 
movements, gaps, appearance, material weakening) that correspond to functional failure of the component for its intended 
use. Examples are given in Annex D of the forms of failure associated with prevalent environmental actions for materials. 

NOTE 2 Although not within the scope of this International Standard, mould growth due to moisture accumulation on 
components can also serve as a limit state affecting human health. 

7 Durability requirements 

7.1 Basic durability requirement 

Structures and their components shall be conceived, designed, constructed and operated, inspected, 
maintained and repaired in such a way that, under foreseeable environmental conditions, they maintain their 
required performance during their design lives with sufficient reliability for the safety and comfort of users and 
the intended use of the structure. 

The service life, tS, of the structure and its components shall meet or exceed the design life, tD, as expressed 
in Equation (1): 

tS W tD (1) 

When a component is protected against agents (e.g. concrete cover of reinforcement, zinc coating of steel, 
preservative treatment of wood), the service life, tS, can be determined as given in Equation (2) (see Figure 1): 

tS = tstart + texposed (2) 

where 

tstart is the time of the initiation of deterioration; 

texposed is the service life after initiation of the deterioration. 

The service life of the structure is based on the service lives of all the components, management procedures, 
inspection, maintenance, repair and replacement strategies for the structure and its components to ensure 
functionality over the design life of the structure. 

Components whose predicted service life is less than the design life of the structure shall be inspectable and 
replaceable. 

In the event of renovation, the design life of the revised structure shall be reconsidered. 
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In the event of repairs necessary to correct damage or premature deterioration, the repairs shall be designed, 
constructed and maintained to provide the required performance over the design life agreed upon between the 
owner and the designer. 

7.2 Formats for checking durability 

7.2.1 General 

The basic durability requirement formulated in 7.1 shall be checked in one of the following two ways: 

⎯ by the service-life format in 7.2.2; 

⎯ by the limit-states format in 7.2.3. 

7.2.2 Service-life format 

The service-life format consists in specifying the design life, tD, of the component or structure in accordance 
with Clause 8, and in determining the predicted service life, tSP, of the component or structure in accordance 
with Clause 9 for a target reliability selected in accordance with 8.6. 

For service-life prediction based on data from experience and tests (e.g. the factor method in 9.3.2.4), the 
basic requirement of 7.1 is given by Equation (1) with tS = tSP. 

For a service-life prediction based on the limit-states method using the probabilistic format in 9.3.2.2, the basic 
requirement of 7.1 is as given in Equation (3): 

P(tS u tD) u Ptarget (3) 

where the service life, tS, is modelled mathematically as a function of basic variables Xi, Yi and time t, where Xi 
is a function of agent transfer for tstart in Equation (2), and Yi is a function of damage or resistance for texposed 
in Equation (2). See Figure 2 and Clause A.3. 

Alternatively, this limit state can also be checked using a partial factor format (see also 9.3.2.3): 

tSk/γS W tD and γS W 1,0 (4) 

where 

tSk is the characteristic value of tS as defined in 3.5; 

γS is a partial factor calibrated in accordance with ISO 2394 to satisfy Equation (3). 

7.2.3 Limit-states format 

7.2.3.1 Ultimate limit state 

The basic requirement for the ultimate limit state (ULS) defined in 6.6.1 at any time, t, during the design life of 
the component, tD, is given by Equation (5): 

R(t) W S(t) (5) 

where 

R(t) is the resistance capacity of the structural component at time t; 

S(t) represents the action effect (e.g. an internal force or stress) at any time t. 
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R(t) and S(t) are modelled mathematically as a function of the basic variables, Xi, Yi and t, in accordance with 
ISO 2394. The ULS condition given in Equation (5) is ensured by checking that, at any time t, the conditions in 
Equation (6) hold: 

Pf(t) = P[R(t) − S(t) < 0] < Ptarget,ULS (6) 

R(t) and S(t) are depicted in Figure 2. The probability of failure, Pf, is indicated in Figure 2 as the region below 
the horizontal axis for time t. This probability should not exceed Ptarget,ULS, as determined in accordance with 
8.6 (see Figure 2). 

7.2.3.2 Serviceability limit states 

The basic requirement for the serviceability limit states (SLS) defined in 6.6.2 at any time, t, during the design 
life of the component, tD, is given by Equation (7): 

Slim > S(t) (7) 

where 

S(t) is the action effect (e.g. a stress or deformation) at any time t; 

Slim is the serviceability limit (see Figure A.6). 

S(t) is modelled mathematically as a function of basic variables, Xi, Yi and t, causing damage or loss of 
appearance. The SLS condition in Equation (7) is ensured by checking that the conditions in Equation (8) 
hold: 

Pf(t) = P[Slim − S(t) < 0] < Ptarget,SLS (8) 

In practice the limit state conditions in Equations (5) and (7) can also be checked using a properly calibrated, 
partial factor design check format as described in ISO 2394. Equations (6) and (8) serve as the basis for 
calibrating partial factor design check equations associated with Equations (5) and (7). 

NOTE Figure 2 shows the service life, tS, as a random variable having its own cumulative probability function as 
indicated below the horizontal axis in Figure 2. The service life can be found as the time at which R no longer exceeds S 
for the ULS, or Slim no longer exceeds S for the SLS. In the case of cumulative probability functions as shown in Figure 2, 
there is a one-to-one correspondence between the basic durability requirement embodied in the service-life format, 
Equation (3), and the limit state format, Equations (6) and (8). This applies to material deterioration and to material 
deformation that is cumulative. For cyclic material deformation due, for example, to annual cyclic moisture or temperature 
changes, the limit-states format in ISO 2394 is recommended. The effect of interventions, such as protective treatment of 
wood during the service life, is indicated in Figure 3 (see also Clause A.2 for a case regarding a timber power pole). 

7.2.3.3 Initiation limit state 

The basic requirement for the initiation limit state can be evaluated in accordance with 7.2.3.1 or 7.2.3.2 by 
assuming that texposure(Yi,t) = 0. See Clause A.3. 

7.2.4 System durability versus component durability 

The limit state analysis for durability using Equations (1), (2), (5) or (7), is equally applicable to structural 
systems as to the individual components of a structural system. If a system can be described in terms of a 
well-defined, logical assembly of components, then systems analysis, such as fault-tree or cause-tree 
analysis, can be applied to determine the durability of the system. 
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Key 
1 probability density function of R(t) 
2 probability density function of S(t) 

Figure 2 — Mathematical model for predicting service life 

 

Key 
1 interventions 

Figure 3 — Model for predicting service life, taking into account interventions 
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8 Design life of a structure and its components, tD 

8.1 Structure 

The design life of a structure should be agreed with the client and the appropriate authority. Typical design life 
categories for structures are given in ISO 2394:1998, Table 1. 

8.2 Components 

The design life of a component should be determined considering 

⎯ the design life of the structure, 

⎯ exposure conditions (environmental action), 

⎯ difficulty and cost of maintenance or replacement, taking into account its accessibility, 

⎯ the consequences of failure of the component in terms of costs of repair, disruption and operation, and 
the hazard to users or others (see Table 1), 

⎯ current and future availability of suitable components, 

⎯ technical or functional obsolescence. 

8.3 Component service life related to the design life of the structure 

Permanent components (foundations and main structural members) should be expected to perform for the 
design life of the structure with a high reliability (low probability of failure). Components whose design life is 
less than that of the structure (or an assembly of components of a structure) should be designed to be 
accessible to allow inspection, repair or replacement, as well as the maintenance requirements. A rational, 
long-term plan for maintenance of the structure and its components, including planned repair and 
replacement, should be set up as recommended in Clause 10. 

8.4 Difficulty and cost of maintenance or replacement 

Individual components can be classified into categories of maintenance (for example “little or none”, 
“significant” or “extensive”) by considering costs, extent and frequency of disruption for users (e.g. access). 
The selection or design of components and the specification of the necessary maintenance should be 
determined by life-cycle cost (including user cost) for economy or life-cycle assessment for sustainability. To 
extend the service life, inherent superior durability or implementation of a more comprehensive maintenance 
programme, or both, should be specified. 

NOTE 1 Methods of life-cycle cost (for economy) are provided in ISO 15686-5. 

NOTE 2 Methods of life-cycle assessment (for sustainability) are provided in ISO 15686-6. 

8.5 Consequences of failure 

Table 1 identifies four categories of failure. Components whose failure threatens life or health or causes major 
disruption should be designed to provide a greater reliability during the design life than those whose failure 
does not threaten life or health or cause major disruption. 

8.6 Selection of target reliability 

Reliability of the durability of the structure and of each component shall be chosen based on the design life of 
the structure, the component design life related to the design life of the structure and the difficulty and 
expense of maintenance and consequences of failure, as given in 8.2 to 8.5. The serviceability criteria and the 
appropriate level of reliability should be agreed with the client and the appropriate authority. 

NOTE Recommended target reliabilities (expressed in terms of the reliability index, β) are provided in 
ISO 2394:1998, Table E.2. 
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Table 1 — Categories of component failure 

Category Consequences of failure Examples 

1 Minor and repairable damage, no injuries 
to people 

Components where replacement after failure is planned for, or 
where other reasons for replacement are more relevant, like 
coatings or sealants 

2 Minor injuries or little disruption of the 
use and occupancy of the structure, 
including components that protect other 
components essential for the function of 
the assembly 

Replaceable but important components for the function of the 
structure, such as installations for heating, lighting and 
ventilation or windows, whose replacement is planned before 
failure 

3 Non-serious injuries or moderate 
economic, social or environmental 
consequences 

Non-heavy, non-structural components of the facility requiring 
major repair work if they fail, such as plumbing, or 
components/systems whose replacement is planned before 
failure, such as structural bearings and railings or cladding 

4 Loss of human life or serious injuries, or 
considerable economic, social or 
environmental consequences 

Structural components that are parts of the primary or 
secondary load-carrying system, emergency exits or 
components causing major damage if they fail (e.g. heavy 
parts of the envelope, prefabricated wall elements, heavy 
inner walls, etc.) 

9 Predicted service life, tSP 

9.1 General 

9.1.1 The predicted service life of the components or the structure as a whole shall be assessed taking into 
account 

a) experience in accordance with 9.2, 

b) modelling in accordance with 9.3, 

c) testing in accordance with 9.4. 

All methods used to determine predicted service life should be based on a sound understanding of building 
science principles in accordance with Figure 1. 

9.1.2 For the prediction of service life of any component of the structure, 

a) experience may be applied where identical assemblies have been used successfully and in the same 
environments, 

b) modelling and experience should be applied where 

⎯ a similar component or assembly has been used successfully in the same environments, or 

⎯ proven components or assemblies have been used successfully, but in moderately different 
environments, 

c) modelling and testing should be applied where 

⎯ innovative components and assemblies are going to be used, or 

⎯ proven components or assemblies are going to be used in significantly different environments. 
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9.1.3 The degree to which an assembly or its components are innovative, or the service life is dissimilar to 
the one previously experienced, should be established by the application of building science principles as 
described in Figure 1. 

NOTE 1 The predicted service life of any component of the structure is approximate, based on the environmental 
action, damage, loss of resistance or unacceptable appearance assumed in the design, and on construction and 
maintenance procedures. 

NOTE 2 Service-life prediction of products used in buildings and construction works based on experience and testing 
are provided in ISO 15686 (all parts). Service-life prediction of structures based on modelling durability, using conceptual 
or mathematical models in addition to experience and testing, are provided in this International Standard. 

NOTE 3 Prescriptive requirements for durability of specific components are contained in current codes and standards 
and other sources. These requirements usually imply service lives of components which are consistent with current 
expectations and which may be considered appropriate for structures of medium or long design life. 

9.2 Prediction based on experience 

Procedures on the collection and use of data based on experience, by means of inspection of facilities, are 
contained in ISO 15686-2 [16]. 

Properly documented local experience, because it is based on reality, provides the most reliable information 
for traditional proven components and assemblies. Also, properly documented new experience of unexpected 
failures that occur as a result of innovation without adequate research is especially important to control future 
failures. Table D.1, for example, is based on experience as well as research. For innovative components and 
assemblies, or where non-traditional components and assemblies known to be effective in one environment 
are used in a significantly different environment, experience cannot be relied upon; testing and modelling 
(research) are also necessary. 

9.3 Prediction based on modelling 

9.3.1 Conceptual modelling 

Conceptual modelling in the design for durability is the application of building science principles in accordance 
with Figure 1 and Annexes B, C and D. This applies to the structure environment, transfer mechanisms, 
environmental action, and action effects leading to failure. An example of application of conceptual modelling 
in accordance with building science principles (Figure 1) for the design for durability is provided in Clause A.1. 

9.3.2 Mathematical modelling 

9.3.2.1 General 

Specific models are material-dependent and, therefore, belong to material design standards. 

9.3.2.2 Probabilistic format 

Following the selection of target failure probabilities in accordance with the consequences of component 
failure (see 8.5) for the limit states in 6.6, a structural-reliability analysis can be performed to check if either 
Equations (2) and (3) or Equations (6) or (8) are satisfied. Guidance is given in ISO 2394. See Clauses A.2 
and A.3. 

9.3.2.3 Partial factor format 

Durability can be verified by checking if specific design check equations are satisfied. Equation (4) can be 
used to check if the factored characteristic service life exceeds the design life. The factor γS in Equation (4) is 
calibrated in such a way that Equation (3) is satisfied. Guidance about partial factors and calibration can be 
found in ISO 2394. 
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9.3.2.4 Factor method 

An empirical calculation method for estimating service life is described in ISO 15686-8. The factor method is 
based on the reference service life obtained through experience and testing under specified conditions. Seven 
factors (component quality, design details, site work, indoor environment, outdoor environment, use conditions 
and maintenance) are chosen for the particular application and location, multiplied together to give γS in 
Equation (4), and applied to a reference service life, tref, to estimate a characteristic service life, tSk. The 
predicted service life, tSP, can then be estimated by Equation (4) (see 7.2.2). 

NOTE See ISO 15686-8 [19] for alternative formats for the factor method and for the application of the factor method. 

9.4 Prediction based on testing 

Testing of components or assemblies is carried out to estimate the predicted service life, tSP, caused by 
mechanisms that occur at the various stages as depicted in Figure 1, including transfer mechanisms resulting 
in environmental actions leading to damage and loss of resistance, or unacceptable appearance. 

Procedures on the application of testing, including accelerated testing, for estimating the predicted service life 
are contained in ISO 15686-2 [16]. 

10 Strategies for durability design 

The design process for service-life planning is described in ISO 15686-1 [15]. One part of that process is to 
design for durability. When the design service life is known, materials, components and design, including 
detailing and other reliable measures to lengthen the life, should be chosen so that the predicted service life, 
with a target probability of failure, exceeds the required design life. Service life prediction, especially by 
experience and testing, is covered in ISO 15686-2 [16]. Service life prediction by design principles for 
modelling durability are described in this International Standard. However, ISO 15686-1 [15] still provides the 
framework for the design procedures for service-life planning. 

Durability also depends on the quality of the construction as well as construction details, such as those details 
that ensure continuity of heat, air and moisture protection within an assembly such as the building envelope. 
To ensure quality during construction, design documents should identify all the critical details and quality of 
materials for inspection and commissioning reviews during the construction process, independent of who is 
performing the construction quality control, the designer or inspector. Critical details that are important to 
check include, for example, thickness of coating, and depth of concrete cover. 

To achieve the design life of a structure or a repair, all details and components shall be designed for that 
service life, with or without planned maintenance and repair; otherwise a replacement shall be planned and 
prepared for. It is strongly recommended to prepare a maintenance/repair/replacement plan for the structure 
at the design stage. In the maintenance plan, all the assumptions made in the design phase shall be 
considered, for example the need for preventive maintenance, such as inspection and cleaning, to reduce 
cumulative damage, inspection, maintenance and repair of the structure along with the protective and 
sheltering measures, and finally replacement. 

Annex E provides an example of procedures for ensuring durability throughout the design service life of the 
structure, including feedback of premature failures for future practice. The actual procedures, however, 
depend on local practice and the type of facility. 

NOTE 1 There are a variety of measures that can be used to increase the service life, including selection of materials, 
providing barriers (e.g. zinc, special paints, anodic protection, preservative treatment of wood), detailing to minimize time 
of wetness (see Annex C) where exposure to environmental action is unavoidable (see Table D.1). 

NOTE 2 Procedures for considering impacts on the environment (for sustainability) in the design of structures for 
durability are contained in ISO 15686-6. 
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Annex A 
(informative) 

 
Examples of the application of the limit-states method 

The following examples illustrate the application of the limit-states method in Figures 1 and 2 for the prediction 
of service life using mathematical as well as conceptual models. These examples are provided for illustrative 
purposes only. The models are material-dependent and, therefore, will be developed by other ISO/TCs. 

A.1 Example A.1 — Application of the limit-states method for the design of a wood 
post for durability against fungal decay 

A.1.1 General 

In this example, conceptual models are used in the limit-states method of Figure 1 to design a structural 
component for durability. This example concerns the design and detailing of an exposed wooden post shown 
in Figure A.1 against failure caused by wood fungal decay (environmental action in Table D.1). In many similar 
structures, there is a roof over the assembly that fully or partially protects the post from exposure to moisture. 
Wood fungal decay is caused by specific types of fungi that metabolize the wood components, breaking down 
the wood structure. The spores of wood decay fungi are present in the air but require favourable moisture and 
temperature conditions for metabolism. 

A.1.2 Structure environment 

NOTE See Annex B. 

For the outdoor atmosphere where the post is located, the structure environment contains fungal spores, rain, 
temperature, humidity and moisture from the ground. Decay hazard is generally defined by the combination of 
atmospheric temperature and moisture conditions and is location-specific. Decay-hazard maps have been 
published for some countries (see CSA 478-95, Figure C.4 [3]). In other locations, the decay hazard is 
determined by local knowledge. 

A.1.3 Transfer mechanisms 

NOTE See Annex D. 

The transfer mechanisms listed in Table A.1, acting on the post over time, can cause influences on the 
structure environment to become environmental action in the wood post. 

A.1.4 Environmental action 

Combined together, spores, moisture and temperature are the agents causing decay of the untreated wood 
post. The untreated wood post begins to decay when the sustained wood moisture content is above 20 % 
(unit mass of moisture to wood) and the temperature is above freezing. Optimum conditions for decay occur 
when wood moisture content is between 30 % and 90 % and temperatures are between 20 °C and 35 °C. 
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Table A.1 — Transfer mechanisms acting on the post 

Transfer mechanism that 
promotes environmental action 

Transfer mechanism and detailing 
to minimize environmental action 

Sustained exposure to moisture: 

Long-term exposure to rain 

Water trapped in joints and around connections 

Prevention of moisture build-up: 

Cover the top of the post with railings or flashing. Detail to avoid 
water traps. 

Barriers to fungal deterioration: 

Where appropriate, use naturally decay-resistant species of wood.

If required, use pressure-treated wood. The species of wood, type 
and level of treatment depend on the decay hazard and design
life. 

Apply field applications of preservative treatments at all cuts, 
notches and connections. 

Prevention of drying: 

Continuous high humidity 

Lack of ventilation 

Optimization of ventilation: 

Design with spaces between framing members. 

Clear vegetation beneath the deck and around the post to allow 
ventilation. 

Exposure to groundwater Barrier: 

Use raised footings. 

 

A.1.5 Loss of resistance 

NOTE See Annexes B and D. 

Decayed wood is not generally considered to provide structural resistance. Therefore, wood decay reduces 
the effective section properties of the wood member. The cumulative effect of degradation over time is to 
reduce the effective cross-section of the wood post and weaken the connections that are in the decayed 
portion of the post. 

The wood post resists overturning forces from the railings and axial forces due to gravity actions on the deck. 
Where there is decay, the cumulative degradation of the post reduces the effective cross-section of the wood 
post and weakens the connection. Throughout the service life of the structure, it is the residual section of the 
wood post that is required to resist the overturning and axial loads. Connections are required to maintain 
enough residual capacity to support the deck. (See Figure A.1.) 

A.1.6 Inspection and maintenance 

Wood posts are generally visible and easy to inspect. Decay can initiate at locations where wood seasoning 
checks extend beyond the wood treatment layer. Decay can also initiate where water accumulates, such as at 
the base of the post and at the connections. Regular application of wood stains or field-applied preservatives 
are used to extend the service life of wood decks. 

A.2 Example A.2 — Service life of a timber power pole 

A.2.1 General 

During the past eight years, there has been a major national undertaking to develop procedures for 
engineering the durability of timber construction in Australia [8], [9]. This work is being used to develop a draft 
Australian timber engineering design standard. For this project, consideration was given to attack by decay 
fungi, termites, marine borers and corrosion agents. The structure environments considered included in 
ground, in sea water, exposed outdoors, and within a building envelope. Table A.2 provides an overview of 
the scenarios modelled. 
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a Cover the end grain at the top of the post. For enhanced drainage, angle the railing. 
b Place railing and deck boards bark side up to reduce water accumulation. 
c Use connections that minimize accumulation of water. If preservatives are used, apply a field application of the 

preservative at connections, cuts and notches and use corrosion-resistant fasteners compatible with the wood 
preservative treatment. 

d Where possible, provide spaces between framing members to allow ventilation and drainage. 
e Caulk tight joints to prevent moisture accumulation. 
f Use raised footing. Slope footing to enhance drainage. Clear vegetation around the footing to allow ventilation. 

Figure A.1 — Wood post supporting railing and wood deck — Detailing to extend service life 

Table A.2 — List of scenarios modelled 

Attack mechanism Environment 
Decay fungi In-ground 

Exposed 
Building envelope 

Termites Building envelope 
Marine borers Coastal waters 
Corrosion Exposed 

Building envelope 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 13

82
3:2

00
8

https://standardsiso.com/api/?name=ed2f4d09570ab4ab7dd7906315e5d949


ISO 13823:2008(E) 

18 © ISO 2008 – All rights reserved
 

The sources of data for this modelling include 

⎯ fundamental building science, and laboratory studies, 

⎯ field tests of small clear specimens, 

⎯ field tests of full-size structural members, 

⎯ in-service structures, 

⎯ expert opinion. 

The primary source of data is from field tests on approximately 25 000 samples, including small, clear 
samples and full-size members. As far as possible, the locations of the field data sources were chosen so as 
to cover the climate range of Australia. 

A.2.2 Basic model for degradation of timber structures 

For each potential failure mode, an attack scenario of progressive decay from an exposed surface is 
postulated and a method of modelling based on Figure 1 developed for predicting the degradation of strength 
with time. This degradation, denoted by the parameter k0(t), is defined by Equation (A.1): 

k0(t) = tR / 0R  (A.1) 

where 

0R  is the mean value of the initial strength; 

tR  is the mean value of the strength at time t. 

In addition to the mean value, it is also necessary to make an estimate of the uncertainty of tR . This is 
denoted by the coefficient of variation, VR,t, and includes an allowance for the uncertainties in modelling the 
degradation of strength. 

The predictions of degradation are based on assumptions related to the attack mechanism (environmental 
action in Figure 1). The parameters that affect this include the following: 

⎯ environmental influences, such as climate, sea-water salinity and air pollution; 

⎯ material parameters; 

⎯ geometry, including the choice of decay pattern; 

⎯ parameters related to maintenance strategies. 

A.2.3 Model of a power pole attacked by decay fungi 

To illustrate the procedure used, this example is governed by the loss of bending strength (ULS) of a power 
pole embedded in the ground and attacked by decay fungi at the ground-line. In this case, the transfer 
mechanism in Figure 1 is direct exposure to environmental influences (see Table C.1). For this example, the 
timber power pole is considered to be untreated, de-sapped and decayed around the circumference only. 

The circumferential decay is illustrated schematically in Figure A.2. Based on recent research [10], the decay 
penetration, dt, into the timber at the ground-line is defined by an initial lag, tlag (similar to tstart in Figure 1), 
and a decay rate, r, as illustrated in Figure A.3. All parameters used in the model have been obtained by an 
empirical fit to field data. 

The decay rate, r, expressed in millimetres per year, is expressed as given in Equation (A.2): 

wood climater k k=  (A.2) 
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where kwood depends on the timber durability class and kclimate depends on climate. The climate factor used is 
a complex function of the following climatic parameters: mean annual temperature, mean annual rainfall and 
the number of months per year in which the rainfall is less than 5 mm. The 5 mm monthly rainfall has been 
chosen as this turns out to be the minimum rainfall required to maintain decay on the surface of timber 
embedded in soil. Table A.3 gives values of kwood for timber specified in terms of their in-ground durability 
classification in accordance with AS 5604. Table A.4 gives the values of kclimate computed for the zones 
shown in the hazard map in Figure A.4. 

The effect of conventional maintenance treatments is to produce a lag or delay phase in the progress of decay 
as illustrated by the graph in Figure A.3. For example, the application of an external bandage impregnated 
with a diffusing chemical has been shown to delay circumferential decay by a period of approximately 
five years. Other maintenance treatments can prove to be more effective, and their effect can be incorporated 
into the model. 

 

 

Figure A.2 — Schematic illustration of circumferential decay 

 

Key 
X time, t, expressed in years 
Y decay penetration, dt, expressed in millimetres 
1 no maintenance 
2 maintenance undertaken at 15 years, 30 years and 45 years 

Figure A.3 — Progress of the mean depth of attack by decay 
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Table A.3 — Values of kwood for outer heartwood 

Durability class a Degradation factor 
 

kwood 

Uncertainty of the 
degradation factor 

Vwood 

1 0,165 0,45 

2 0,38 0,55 

3 0,65 0,75 

4 1,40 0,90 

 a Durability class is as defined in accordance with AS 5604. 

 

Table A.4 — Values of kclimate for outer heartwood 

Zone a Degradation factor 
 

kclimate 

Uncertainty of the 
degradation factor 

Vclimate 

A 0,5 0,55 

B 1,5 0,55 

C 2,5 0,55 

D 3,0 0,55 

 a Zone definitions are shown in Figure A.4. 

 

 

Figure A.4 — In-ground decay hazard map of Australia (Zone D is most hazardous) 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 13

82
3:2

00
8

https://standardsiso.com/api/?name=ed2f4d09570ab4ab7dd7906315e5d949


ISO 13823:2008(E) 

© ISO 2008 – All rights reserved 21

The initial time lag, tlag, expressed in years (analogous to tstart in Figure 1), is based on an empirical fit to the 
data, which is a function of the decay rate, r, as given by Equation (A.3): 

0,4
lag 3t r −=  (A.3) 

For this example, it is assumed that the pole diameter, D, is equal to 300 mm, the timber is of durability 
class 2 and the pole is located in Zone B (see Figure A.4). From Tables A.3 and A.4, kwood = 0,38 and 
kclimate = 1,5, resulting in a mean decay rate, r, equal to 0,57 mm/yr (Equation A.2) and a mean initial time lag, 
tlag, of 3,76 years (Equation A.3). These values of r and tlag define the mean decay depth, td , plotted in 
Figure A.3. 

The uncertainty of the decay depth, Vd, is determined from Equation (A.4): 

2 2 2
d wood climate modelV V V V= + +  (A.4) 

where 

Vwood = 0,55 from Table A.3 for variations in kwood; 

Vclimate = 0,55 from Table A.4 for variations in kclimate; 

Vmodel = 0,5 for uncertainties involved in modelling the decay effects. 

For a pole with diameter, D, the mean residual bending strength at time t, denoted by tR , is given by 
Equation (A.5): 

( )3
ult2

32t tR D d fπ
= −  (A.5) 

where fult denotes the ultimate fibre strength of the undecayed wood. From Equation (A.5), the value of k0 
shown in Figure A.5 is given by Equation (A.6): 

( )3 3
0 2 /tk D d D= −  (A.6) 

Using a first-order approximation [11], the coefficient of variation of the predicted loss in bending strength is 
given by Equation (A.7): 

d
dur,

6
2

t
t

t

V d
V

D d
=

−
 (A.7) 

There are also uncertainties associated with the initial strength that it is necessary to consider. The initial COV 
of strength, ,0 0,2,RV =  may be combined with dur,tV  to give an estimate of the uncertainty of the strength at 
time t, denoted by , ,R tV  as follows: 

2 2 2
, ,0 dur,R t R tV V V= +  (A.8) 

The values of tR  and VR,t for strength given in Equations (A.5) and (A.8) may be used, along with S  and VS 
for wind action, to compute the failure probability in accordance with Equation (6) for Pf(t) as a function of time, 
as shown in Figure 2. Equations (A.6) and (A.8) evaluated for the 300 mm pole described earlier are shown in 
Figure A.5. These parameters can be used to compute the predicted Service-life, tSP. The probability that this 
Service-life is greater than, or equal to, the specified design life, tD, is given by the value specified for 
Ptarget,ULS. 

The time for pole replacement may be specified as either (a) the specified design life, tD, or (b) when 
inspection reveals that the depth of decay exceeds the value expected at the end of the design life as shown 
in Figure A.3. 
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Key 
X age of the pole, t, expressed in years 
Y strength degradation of the pole 
1 k0(t) = 0/tR R  
2 coefficient of variation, VR,t 

Figure A.5 — Effect of age of pole on the strength degradation, k0(t), 
and the coefficient of variation, VR,t 

A.3 Example A.3 — Service life of a concrete structure determined by carbonation-
induced corrosion of reinforcement 

A.3.1 General 

In the following example, mathematical models based on the initiation limit state (initiation of significant 
corrosion of reinforcement; see 3.13, 6.6.3 and 7.2.3.3) are used to estimate the service life of reinforced 
concrete. The models used here describe the main deterioration process, taking into account local variations 
in concrete quality and the environment. 

NOTE The models used in this example [12] are based on data from 44 buildings in south Japan, including measured 
carbonation depths and inspected degree of reinforcement corrosion. The models used are consistent with the approach 
given in Reference [13], prepared by International Federation for Structural Concrete, and considered together with this 
International Standard as the basis for further work on design for durability of concrete in ISO/TC 71. 

A.3.2 Limit-states format 

NOTE See 7.2.3.2. 

Carbonation-induced corrosion of reinforcement is one of the typical examples related to the durability design 
of reinforced-concrete (RC) structures. The depth of the carbonated zone in concrete (characterized as an 
action effect, S, in 7.2.3.2) is assumed to proceed as following a function of square root of time as given by 
Equation (A.9): 

S(t) = αβγ t1/2 (A.9) 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 13

82
3:2

00
8

https://standardsiso.com/api/?name=ed2f4d09570ab4ab7dd7906315e5d949


ISO 13823:2008(E) 

© ISO 2008 – All rights reserved 23

where 

S(t) is the depth, expressed in millimetres, of the carbonated zone at a given time t, expressed in years; 

α is a coefficient dependent on local environmental actions, such as the concentration of CO2, 
atmospheric temperature and humidity; 

β  is a coefficient dependent on the finishing materials on the concrete surface; 

γ is a coefficient dependent on the quality of concrete. 

Because of the heterogeneity of concrete and the variability of local environmental actions and of 
workmanship, the carbonation depth varies randomly from point to point. Concrete cover depth (a basic 
variable characterized in 7.2.3.2 as a serviceability limit, Slim), has a random distribution because of the 
construction variations. To account for the variations, the following assumptions are introduced. 

a) The depth of carbonated zone is assumed to be normally distributed for the example, although other 
distributions can be used. The coefficient of variation is assumed to be constant. 

b) The cover depth is also assumed to be normally distributed. To avoid occurrence of negative values, a 
lognormal, gamma or beta distribution is more realistic. 

c) Reinforcement embedded in outdoor concrete is assumed to start to corrode when the carbonated zone 
reaches the surface of the reinforcement, such as for uncoated steel reinforcement. 

Figure A.6 shows the relationship between carbonation and cover depth as a function of time. 

For the normal distribution, the potential for corrosion initiation (i.e. the limit state function) is given by the 
difference between the cover depth and the depth of carbonated zone as given by Equation (A.10): 

2
lim lim

lim 2 2 22 2 2

{ ( ) ( ) }1( ) . exp
2 ( )2 ( )

S S t S S t
f S S t

S t VS t V σσ

⎧ ⎫⎡ ⎤− − − −⎡ ⎤⎣ ⎦⎪ ⎪⎣ ⎦− =⎡ ⎤ ⎨ ⎬⎣ ⎦ ⎡ ⎤⎡ ⎤ +⎪ ⎪π + ⎣ ⎦⎩ ⎭⎣ ⎦

 (A.10) 

where 

( )S t  is the mean value of the depth of carbonation; 

V is the coefficient of variation of the depth of carbonation; 

limS  is the mean value of the cover depth; 

σ is the standard deviation of the cover depth. 

Consequently the probability of corrosion initiation at a given time, t, expressed in years, due to carbonation 
initiation is estimated based on Equation (8) as given by Equation (A.11): 

0
lim lim( ) ( ) ( )P t f S S t d S S t

−∞
= − ⋅ −⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦∫  (A.11) 
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Key 
X time, t, expressed in years 
Y cover depth, Slim (for curves 1, 3 and 4), or the depth of the carbonated zone, ( )S t  (for curves 2, 5 and 6) 
1 curve of the cover depth, Slim 
2 curve of the depth of the carbonated zone, ( )S t  
3 curve of the distribution of cover depths, Slim, at time t1 
4 curve of the distribution of cover depths, Slim, at time t2 
5 curve of the distribution of the depths of the carbonated zone, S(t), at time t1 
6 curve of the distribution of the depths of the carbonated zone, S(t), at time t2 
a The overlap of the distributions shown as curves 4 and 6 indicates the possibility of a failure. 

Figure A.6 — Relationship of carbonation and cover depth relative to failure 

The design cover thickness for the maximum allowable probability of corrosion initiation can be determined 
once the standard deviations and coefficients in Equations (A.9) and (A.10) are known. 

For example, the following values are assumed, based on available data for ordinary concrete: 

⎯ α = 1,0 (for outdoor concrete); 

⎯ β = 1,0 (no finishing of concrete surface); 

⎯ γ  = f(w/c), where w/c is the ratio of water to cement; see Reference [12]; 

⎯ V = 0,4; 

⎯ σ  = 15 mm. 

The probability of corrosion initiation is calculated as a function of w/c for a given cover depth. Figure A.7 
shows an example for a design cover depth of 40 mm. Assuming that the service life is terminated when the 
probability of corrosion initiation reaches 15 % (target probability for initiation limit state), the predicted service 
life of concrete structures is estimated as shown in Figure A.7. 
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Key 
X time, t, expressed in years 
Y probability of corrosion initiation, P, expressed in percent 
1 high w/c 
2 medium w/c 
3 low w/c 

a Ptarget = 15 %. 

Figure A.7 — Relation between probability of  corrosion and  predicted  service life [12] 

A.3.3 Service-life format 

This example can also be expressed using the service-life format in 7.2.2, Equations (3) and (4). It is 
recognized that the CO2 penetration (a chemical process causing a decrease of pH providing the condition for 
reinforcement corrosion) is a transfer mechanism, modelled by Equation (A.9). To calculate tSP, the limit state 
is conservatively defined as the corrosion initiation when the CO2 reaches the reinforcement. This 
corresponds to tstart in Figure 1. By inverting Equation (A.9), the mathematical model for the agent transfer 
provides tSP, as given by Equation (A.12): 

2
lim

SP start
0,5

(1 )
S

t t
V

σ
α β γ

⎡ ⎤−
= = ⎢ ⎥+⎣ ⎦

 (A.12) 

The service-life format provides the same solution for the limit state of corrosion initiation as the limit-states 
format. 

NOTE It is possible to calculate the time after corrosion initiation for cracking/spalling of the concrete, texposed(Yi), 
where Yi are the basic variables suitable for describing the cracking of concrete. It is expected that the basic variables 
include the build-up of corrosion products, diameter of the bar, bar spacing, cover and mechanical stress in the 
concrete [13], [14]. 
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Annex B 
(informative) 

 
Examples of influences (structure environment) 

and agents (environmental action) 

B.1 General 

In designing for durability using the limit-states method (see Figure 1), the structure environment (the macro-
environment) contains influences outside the structure (atmospheric and ground conditions, including 
pollution) and inside the structure (indoor atmosphere and materials), that are transformed into one or more 
agents on the surface of or within a component (the micro-environment) causing environmental action. 
Table B.1 lists the most common influences in the structure environment affecting the durability of structures 
and their components. Table B.2 lists the most common agents causing environmental actions that affect the 
durability of components. 

This annex lists most of the influences and agents causing environmental actions that deteriorate and deform 
materials leading to damage and failure of components. Annex C provides information on the mechanisms 
that transfer environmental influences into agents on or within a component. Annex D provides a list of 
environmental actions and action effects that have caused failure in the past. 

Table B.1 — Examples of influences (structure environment) 

Location Influence 

Outside — Atmosphere Rain, snow or ice 
Air constituents 
Air contaminants (e.g. salt spray) or pollutants 
Wind 
Temperature and humidity 
Sun 

Outside — Ground or water Water 
Soil constituents 
Soil spills/leaks 
Road salt 

Inside Humidity and temperature 
Contaminating materials (e.g. salty water from cars) 
Water (e.g. swimming pools or leakage) and sewage 
Stored chemicals 
Activities causing wear 
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Table B.2 — Examples of agents causing environmental action 

Influences Agents Examples of 
parameters a 

Moisture constituents Solid (ice, snow) 
Liquid (rain, condensation) 
Gas (water vapour) 

TOW, RH 

Moisture contaminants Chlorides, acids, sulfates TOE, RH, pH, 
concentration 

Air constituents O2, CO2 TOE, concentration 

Air contaminants Oxides, particulates, sea spray TOE, concentration 

Ground constituents Sulfates and other salts 
Acids (from decomposition of organics) 

TOE, RH, pH, 
concentration 

Ground contaminants Chemicals from spills and leaks 
Chlorides from road salt 
Induced electric currents 

TOE, RH, pH, T, 
concentration 

Biological life Microorganisms, insects, animals, plants TOW, RH, T, 
geographical 

Temperature Freeze-thaw cycles F-T(T, t) 

Solar radiation UV radiation, IR radiation TOE, T, RH 

Incompatible chemicals — TOE, concentration 

Use or exposure Wear, abrasion TOE, load 
a Expansion of abbreviations; see also B.3.2: 

TOW time of wetness pH acidity 

TOE time of exposure t time 

F-T freeze-thaw cycles concentration concentration of constituents and contaminants 

T temperature load mechanical load 

 

B.2 Agents causing environmental action 

B.2.1 General 

Chemical action takes place continuously in many component materials. These actions may be beneficial (e.g. 
increase of concrete strength during and after curing) or detrimental (embrittlement of plastics exposed to UV 
radiation). Chemical actions depend on material constituents of a component and agents such as moisture, 
temperature and oxygen. Frequently, the environmental action due to one agent is dependent on the 
presence of another, for example moisture combined with oxygen. 

Physical action, such as temperature and moisture fluctuation, can result in damage or separation of 
components that allow transfer of moisture or humid air, increasing the risk of failure due to material 
deterioration. 

B.2.2 Moisture and contaminants 

Water in the atmosphere in its various states (gas, liquid or solid) interacts with material surfaces in several 
forms: adsorbed moisture (low relative humidity); condensed water (high relative humidity, e.g. dew); and 
precipitation (e.g. fog, rain, snow). Water plays a major role in the corrosion of metals, the decay of wood and 
the deterioration of other materials, either as an active agent or as a means for transfer of other agents. 
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Most organic and many inorganic materials are porous and permit ingress of moisture to varying degrees. 
Porous materials with high moisture levels can be fractured by the expansive forces exerted when the 
contained water freezes. Fluctuations in the moisture content of porous materials can cause them to expand 
and contract as moisture is absorbed and given off. These deformations can result in damage to components 
and loss of performance. Organic materials, such as wood, also decay if exposed to excessive moisture in the 
presence of oxygen and fungi. 

The formation and growth of ice lenses in moist, fine-grained soils can cause serious damage through frost 
heave of foundations or by lateral displacement of retaining walls. The source of water can be from rain, 
moisture migration from the ground or from the interior of a building, or melt water when frost or ice formed on 
a surface melts. 

Chloride contaminants from de-icing salts are found in abundance and are a major cause of much 
deterioration in roadway infrastructure and parking garages in cold regions. They can also originate from 
industrial sources, such as hydrochloric-acid manufacturing plants and from the combustion of coal, paper and 
chlorine-containing plastics. 

Acid rain (or snow or mist) is caused by the introduction of sulfur and nitrogen oxides into the air, primarily 
from the burning of coal, gasoline and oil, and from motor-vehicle traffic. This new climatic situation in the 
atmosphere produces a number of problems, including deterioration of structures (e.g. limestone buildings), in 
addition to affecting life itself. 

B.2.3 Air and contaminants 

Air, like water, is both an active agent and a means for transfer of other agents. 

Atmospheric oxygen, when present with moisture, acts as an agent that causes corrosion and allows decay to 
develop in the presence of fungi. Carbon dioxide acts as an agent of corrosion of reinforcing steel by reducing 
the alkalinity of concrete (carbonation) and, as a consequence, the passivity against corrosion of concrete 
reinforcement. 

Air provides a means for transfer of other agents, such as moisture and chlorides (sea spray). Air leakage 
through assemblies (e.g. the building envelope) is a major cause of problems, including condensation and rain 
penetration. 

Particulate matter in the air deposited on surfaces can contribute to material deterioration, both physical and 
cosmetic. Hygroscopic deposits (e.g. salts, dusts, pollen) on material surfaces have been found to decrease 
the relative humidity at which a moisture film forms on a surface. The deposits depend on wind flow near the 
surface and the shape of the surface. 

Chlorides in sea spray act as contaminants that contribute to atmospheric corrosion and stone deterioration in 
maritime regions. Since sodium chloride can take up water from the atmosphere at a low relative humidity, 
sea-salt deposits can pose severe durability hazards to metal cladding, especially on surfaces sheltered from 
rain. 

B.2.4 Soils and ground contaminants 

Any material placed in contact with soils and groundwater can be affected by the presence of contaminants. 
The effect of soil contaminants depends on their combination, concentration and type of soil. Contaminants 
such as solvents (e.g. gasoline) and oxidizing agents (e.g. acids) can react chemically and dissolve or 
degrade plastics. Bacterial activity can affect directly or indirectly the deterioration of materials in soils. 
Sulfate-reducing bacteria, found mostly on wet clay, boggy soils and marshes, are a typical example of 
bacteria affecting corrosion of metals. 

Naturally occurring constituents of the soil promote deterioration, particularly in moist conditions. Salts 
dissolved in groundwater migrate in porous materials in contact with the ground and cause efflorescence, a 
common problem with masonry in contact with soil. Naturally occurring sulfates in some soils require the use 
of specially-formulated concrete and mortar mixes to avoid their destruction due to deterioration. 
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Stray electrical currents in the ground can accelerate corrosion of a metallic object at points where current 
leaves the object and enters the soil. This effect is pronounced in densely populated oil-production fields and 
within industrial complexes containing numerous buried pipelines. 

B.2.5 Biological agents 

Component materials can deteriorate from the direct action of living organisms (e.g. decay of wood by fungi) 
or from the action of by-products of plant or animal life (e.g. corrosion of metals by the action of sulfate-
reducing bacteria). 

Microorganisms are usually classified according to their ability to grow in the presence or absence of oxygen. 
Fungi that cause deterioration of timber need oxygen and moisture. A moisture content of less than about 
20 % in timber is usually sufficient to prevent fungi from flourishing. Sulfate-reducing bacteria are most 
prevalent in environments depleted of oxygen. 

The predominant insect problem is termite attack of wood and wood-based materials. Rodents such as mice 
and rats cause considerable damage by gnawing organic materials and PVC casings to electric cables. Birds 
and their nests and droppings can cause either mechanical damage (by pecking of soft materials) or chemical 
damage (corrosion of steel bridges exposed to bird droppings). 

A major cause of damage from plants is the clogging of drains and gutters by roots and leaves, which leads to 
water damage of building components. Trees absorb water from the soil which, for some soils, can result in 
differential settlement. 

B.2.6 Temperature 

One of the most significant effects of temperature is the deformation of materials subject to variations in 
temperature. These deformations can result in damage to components and loss of performance. Roofing and 
cladding components are subjected to high temperatures in summer and cold temperatures in winter, and they 
should be allowed to expand and contract with temperature cycles. Thermal stresses cause buckling, bowing 
and sometimes breakage of components. 

Although most chemical processes are accelerated by an increase in temperature, some are accelerated by a 
decrease in temperature. This occurs in the corrosion of metals, where low surface temperatures promote 
condensation on the surface, providing an environment favourable to corrosion. However, if the surface 
temperature is high, drying of the surface impedes corrosion. 

B.2.7 Solar radiation 

Organic materials such as polymers and wood can deteriorate if exposed to solar radiation. If radiation 
contains enough energy, however, it can cause a chemical reaction that results in a gradual change of the 
material properties, such as embrittlement, yellowing or fading of the colour. Sealants can either crack or lose 
adhesion at the interface. 

Before solar radiation can affect a material, it is necessary for the radiation to be absorbed. The opacity, 
texture and colour of the surface, and its slope to the sun, considerably affect the ability of materials to absorb 
radiation. Also, the amount of high-energy UV reaching the ground decreases as the sun angle decreases. 

UV radiation also interacts with other agents, such as temperature and moisture, to greatly increase 
deterioration. 

The daily cycle of solar radiation can cause exposed surfaces to experience large temperature swings. This 
results in cyclic dimensional changes and can also increase the number of freeze-thaw cycles. 
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B.2.8 Chemical incompatability 

Two materials in contact can cause or accelerate deterioration as a result of chemical interaction. Some 
examples are 

⎯ galvanic corrosion between dissimilar metal, 

⎯ accelerated corrosion of steel and zinc in certain woods and wood containing certain preservative 
chemicals, 

⎯ corrosion of lead and some aluminum alloys in contact with moist concrete or mortar, 

⎯ crazing or fracture of plastic in contact with certain sealants. 

B.3 Examples of parameters for the structure environment and for environmental 
action 

B.3.1 Structure environment 

B.3.1.1 Acidity of precipitation 

This is important for material deterioration, including corrosion. Normal rain is slightly acidic with a pH of 
approximately 5,6 (caused by CO2 in the air). Organic acids and air pollution can further reduce the pH of rain 
to less than 5,0. 

B.3.1.2 Driving rain index 

The driving rain index (DRI), the product of the annual rainfall, expressed in metres, and the average wind 
speed, expressed in metres per second, is an indicator of the likelihood of rain wetting and penetrating 
external walls of buildings. It is usually classified into sheltered (DRI of 3 or less), moderate, and severe (DRI 
of 7 or more). 

B.3.2 Environmental action 

B.3.2.1 Time of wetness (TOW) 

Time of wetness is one of the most important parameters for material deterioration. Corrosion, for example, 
takes place when a metal surface exposed to the atmosphere is covered by a film of water. The presence of 
such a film occurs when the relative humidity is above 80 % to 90 % and the temperature is above freezing. 
Also time of wetness depends on design details (e.g. retention of moisture between surfaces, gravity water 
traps; see Annex C). This parameter can be improved by the inclusion of other parameters such as 
temperature. 

B.3.2.2 Time of exposure (TOE) 

This is a generalization of time of wetness applied for a more specific agent causing environmental action, 
such as UV on plastic materials, or the concentration of chlorides in concrete adjacent to the reinforcement 
(see Figure 1). For examples, see Table B.2. 

B.3.2.3 Freeze-thaw cycles (F-T) 

This parameter is similar to the number of stress cycles causing fatigue damage to structural materials. The 
degradation mechanism, however, is different than for fatigue. 
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