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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
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oduction

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

earth

uake Also_many premature failures have occurred because of a lack of understandin

g of material
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oration in the structural engineering profession.

first objective in developing this International Standard is to improve the evaluation a
ures for durability by the incorporation of building-science principles into structural-engine

oration and failure. There is a need to harmonize the use of theselmodels in practice by u
5 method and a common terminology.

second objective in developing this International Standardiis to provide a framework for the

of mathematical models to predict the service life of compofients of the structure. Such models

being
mode

Interpational Standard is to ensure that all analytical models are incorporated into the limit-stateg

same
actio
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envir
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This
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developed, for example, for concrete slabs subjectéd to chloride diffusion from de-icing
Is are material-dependent and, therefore, are being developed by other ISO/TCs. The

as currently used for the verification and design of structures for gravity, wind, snow an
NS.

this International Standard does not@ddress design procedures for durability, it lays a sol

Figure 1). It is necessary to take this cause-and-effect process into account in developing
rediction of service life.
nternational Standard.is intended to serve a similar unification role as 1ISO 2394 has had

y, wind, snow and-earthquake.

nternational’Standard does not directly address sustainability for structures, except throug

ands.energy consumption, are outside the scope of this International Standard.

considerations in the future, however, are expected to increase the emphasis on choice

wast’P

e
B principles are now being taught in engineering courses in many countries. This 'goal is ac}
boration of these principles into the limit-states method currently used in structural engineg
efined in ISO 2394, and by the use of a common, user-friendly terminology,for physical phefomena.

lopments have recently taken place in mathematical modelling of thexmechanisms that ca

entifying a process starting from the,'structure’s environment, followed by mechanisms thaf
bnment into environmental actions on component materials leading to action effects, such as damage

ars for the verification and design of structures against failure due to mechanical actic

es in 8.4.:and Clause 10. Most considerations of sustainability, such as the choice of materiz

d design of
ing practice.
ieved by the
ring practice

use material
5ing the limit-

development
are currently
salts. These
goal of this
method, the
| earthquake

d foundation
transfer this

methods for

bver the past
ns, such as

n referencing
| as it affects
Sustainability
of materials,

techrjologies, inspectability, maintenance, repair and replacement in the planning and design of s

ructures.

It is intended that this International Standard be used in parallel with 1ISO 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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INTERNATIONAL STANDARD ISO 13823:2008(E)

General principles on the design of structures for durability

1 Scope

This frternationat-Standard-s pecifies-generat-principtes—and-recommen ds-proceduresfor-the-verification of the
durability of structures subject to known or foreseeable environmental actions, including mechahical actions,
causing material degradation leading to failure of performance. It is necessary to efisure| reliability of

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

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

ormative references

The [following referenced documents are indispensable for thé application of this document. For dated
ences, 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 reliabilityfor structures — List of equivalent terms
ISO 13822:2001, Bases for design of structures — Assessment of existing structures
ISO 15686-5, Buildings and construgted assets — Service-life planning — Part 5: Life-cycle costing

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

AS 5604, Timber — Natural durability ratings

3 Terms and definitions

3.1
actioIn 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

© 1SO 2008 — Al rights reserved 1
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3.4
characterist

2008(E)

ic value of a basic variable

specified fractile of the variable determined in accordance with ISO 2394

3.5
characterist

ic 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 th

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

3.7
degradation
material detg

3.8

rioration or deformation that leads to adverse changes in a critical property of a component

design valu¢ of a basic variable

factored cha

3.9
design life

acteristic value of the variable determined in accordance with ISO 2394

specified petliod of time for which a structure or a component is to be used)for its intended purpose w

major repair

NOTE Th
3.10
durability
capability of
requirementg
a self-ageing
3.11
environmen(t
chemical, el
component
NOTE 1 Sé
NOTE 2 Sé
3.12

failure

loss of the al

3.13

being necessary

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

a structure or any component to satisfy, with” planned maintenance, the design perform
over a specified period of time under the. influence of the environmental actions, or as a res
process

al action
ctrochemical, biological, physical and/or mechanical action causing material degradation

e Figure 1.

e also environmentahinfluences in ISO 2394:1998, 6.3.

ility of a-stfucture or component to perform a specified function

thout

ance
ult of

of a

initiation lim
ILS

it State

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

NOTE

3.14
limit state
state beyond

3.15

See 6.6.

which a structure or component no longer satisfies the design performance requirements

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

© 1SO 2008 — All rights reserved
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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
pred|cted 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 performancerequirements withjn the design
servige life

3.20
repair
restofation 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
actugl period of time during which a structure or,.any of its components satisfy the design |performance
requifements without unforeseen major repair

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

NOTH See 6.6.

3.23
strugture environment
exterhal or internal-influences (e.g. rain, de-icing salts, UV, humidity) on a structure that cap lead to an
envirbnmental 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.

© 1SO 2008 — Al rights reserved 3
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4 Symbols

P probability

P probability of failure
Piarget target probability of failure

Piarget sLs target probability of failure, serviceability limit state

PiargetuLs  target probability of failure, ultimate limit state

R resistance

R mean resistance

S action effect

S mean action effect

Sim serviceability limit

t time, expressed in years

) design life, expressed in years

lexposed time after initiation of degradation, expressed in years

fref reference service life, expressed in years; see 9.3.2

Iy service life, expressed in years, that occurs or that is represented by a mathematical probdpility
function

tsk characteristic value of g, expressed in years

Isp predicted service life, expressed in years

lstart time to initiation of degradation, expressed in‘years

X basic variable for modelling r4, S and R

Y; basic variable for modelling 7gy, 0464, and R

7S partial factor for predicted service life; see Equation (4)

5 Application

It is the inteption 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 ag well as forthe assessment of existing structures.

The considerled components include non-structural components that can affect the durability of the structTre.

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.

4 © 1SO 2008 — Al rights reserved
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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.

NOTH 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, biolggical life and
solar|radiation, that provide agents such as moisture and oxygen that can affect the’durability of components.
Thesg 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

Trangfer mechanisms, such as gravity, condensation and drainage, promote or preven{ transfer of
envirbnmental influences into agents causing environmental action on or within the compopents of the
strucfural system.

For examples of transfer mechanisms, see Annex C(

NOTH 1 Modelling of the deterioration process’ requires an understanding of the transfer meg¢hanisms and
envirgnmental actions leading to failure. These\are based on knowledge of the materials of the compohents and the
microflimate in the vicinity of the components-of\the structure.

NOTH 2  Moisture, with or without contaminants, is the most important agent causing premature detgrioration. The
applidation 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 accgmmodate and
to regjst.

NOTB 3  Transfer mechanisms can also include a manufacturing process that results in a self-ageirlg degradation
withoyit agents transferred_from the structure environment, for example the addition of sea sand into the congrete mix.

6.4 | Environmeéntal action

An epvironmental action, such as corrosion, decay or shrinkage, is a chemical, electrochemidal, 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.

© 1SO 2008 — Al rights reserved 5
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Time Reality Professional practice
Structure environment | | Influences in
(influences: rain, de-icing salts, etc.) Annexe B
\
protection Models? (based on
¢ - Transfer mechanisms  |[——— building science principles-
start Annex C), tests
Y
pILS: fs = Lstan Environmental action | | Agents in Anpex'B
ts (agent-caused corrosion, decay, etc.) Actions in Annex D
Y
a
L exposed Action effects Models®, tests,
no . Action effect, S,
- (damage, reduced resistance, |~<% .
change in appearance, etc.) Resistance, R,
Y gein app » &1 Serviceability limit, S;|
Durable
component
yes ves
Y \ v Y
Servicel|life . -
Loss of Loss of serviceability
resistance (including appearance)
ULS: S >R SLS: S > S,
@ Both conceptual and mathematical.
Figare 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 detgrioration, or displacement due to material deformation. An action effect can result in the Igss 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.

6 © 1SO 2008 — Al rights reserved
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6.6.2 Serviceability limit states

For material degradation, the serviceability limit states are defined by

6.6.3

This
servi
Clau

NOTE

it is i

move|
use. H

NOTEH
comp

7

71

Struc
main

requ

the in

The

in Eq

Whe

presg

wher

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.

Initiation limit state

Ceability or ultimate limit states. The time to reach this limit state is designated by 7, {in
$e A3.

1 A deterioration or deformation occurring on or inside a structure does not necessarily:mean fail
mportant to consider not only the environmental action and action effects, but also'the’ limit states
Mments, gaps, appearance, material weakening) that correspond to functional failure of\the component
Examples are given in Annex D of the forms of failure associated with prevalent efvironmental actions

2 Although not within the scope of this International Standard, mould_growth due to moisture ag
bnents can also serve as a limit state affecting human health.

Durability requirements

Basic durability requirement

tures and their components shall be conceived, designed, constructed and operateq
ained and repaired in such a way that, under foreseeable environmental conditions, they 1
red performance during their design lives with sufficient reliability for the safety and comfort
tended use of the structure.

q

uation (1):

s>

S = Ip

n a component is protected against agents (e.g. concrete cover of reinforcement, zinc co3
rvative treatment of wood), the service life, tg, can be determined as given in Equation (2) (s

IS = Istart H-lexposed

a)
=

is the time of the initiation of deterioration;

imit state is defined by the initiation of deterioration of a component that precedes the occyrrence of the

igure 1. See

re. Therefore,
(e.g. fracture,
or its intended
or materials.

cumulation on

, inspected,
haintain their
of users and

ervice life, tg, of the structure and its components shall meet or exceed the design life, 7p, #s expressed

(1)

ting of steel,
ee Figure 1):

()

start

lexposed 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.

© 1SO 2008 — All rights reserved
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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 th

e designer.

7.2 Formats for checking durability

7.21
The basic du

by the s

General

rability requirement formulated in 7.1 shall be checked in one of the following two ways:

rvice-life formatin 7.2 .2:

by the lifnit-states format in 7.2.3.

7.2.2 Service-life format

The service-
with Clause

ife format consists in specifying the design life, 7p, of the component or structure in accorg
B, and in determining the predicted service life, tgp, of the component or(structure in accorg

with Clause 9 for a target reliability selected in accordance with 8.6.

For service-l
basic requirg]

For a servics
requirement

P(ts < 1
where the se
is a function

in Equation (

Alternatively,

fe prediction based on data from experience and tests (e.g. the factor method in 9.3.2.4
ment of 7.1 is given by Equation (1) with 75 = tgp.

-life prediction based on the limit-states method using the-probabilistic format in 9.3.2.2, the
pf 7.1 is as given in Equation (3):

) < Ptarget

rvice life, tg, is modelled mathematically as a.function of basic variables X;, ¥; and time ¢, wh
of agent transfer for «, in Equation (2),.and Y; is a function of damage or resistance for ¢,
D). See Figure 2 and Clause A.3.

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

thand 5 > 1,0

he characteristic value of 75 as defined in 3.5;

is @ partial factorCalibrated in accordance with ISO 2394 to satisfy Equation (3).

Lstates'format

Isil7s =
where

tgx st

’s
7.2.3 Limit
7.2.31

ance
ance

, the

basic

@)

pre X;

posed

(4)

Ultimate limit state

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

R(t) = S(
where
R(7)

S(2)

)

is the resistance capacity of the structural component at time ¢

represents the action effect (e.g. an internal force or stress) at any time «.

®)

© 1SO 2008 — All rights reserved
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R(#) and S(7) are modelled mathematically as a function of the basic variables, X;, ¥; and ¢, in accordance with
ISO 2394. The ULS condition given in Equation (5) is ensured by checking that, at any time ¢, the conditions in
Equation (6) hold:

Py(t) = PR(1) = 5(1) < 0] < Piarget uLs (6)
R(7) and S(¢) are depicted in Figure 2. The probability of failure, Py, is indicated in Figure 2 as the region below

the horizontal axis for time 7. This probability should not exceed Py,g4et yi s, @s determined in accordance with
8.6 (see Figure 2).

7.2.3.2  Serviceability limit states

The ILasic requirement for the serviceability limit states (SLS) defined in 6.6.2 at any time, ¢, durirlng the design
life of the component, 1, is given by Equation (7):

Sim > S(2) (7)
wherg
§(z) is the action effect (e.g. a stress or deformation) at any time ¢;

$im is the serviceability limit (see Figure A.6).
S(t) ©is modelled mathematically as a function of basic variables, X;, ¥; and ¢, causing damage or loss of
appeprance. The SLS condition in Equation (7) is ensured, by~checking that the conditions in| Equation (8)
hold:

Pi(2) = PlSjjm — S(1) < 0] < Ptarget,SLS (8)

In practice the limit state conditions in Equations {8) and (7) can also be checked using a propefly calibrated,
partial factor design check format as describéd in 1ISO 2394. Equations (6) and (8) serve as the basis for
calibfating partial factor design check equations associated with Equations (5) and (7).

NOTH Figure 2 shows the service lifey.ss, as a random variable having its own cumulative probabiljty function as
indicgted below the horizontal axis in Figure 2. The service life can be found as the time at which R no longer exceeds S
for th¢ ULS, or Sim no longer exceedsS+for the SLS. In the case of cumulative probability functions as shoyn in Figure 2,
there|is a one-to-one correspondence between the basic durability requirement embodied in the serv|ce-life format,
Equation (3), and the limit state ‘fermat, Equations (6) and (8). This applies to material deterioration apd to material
defornation that is cumulatiye:. Eor cyclic material deformation due, for example, to annual cyclic moisture ¢r temperature
changes, the limit-states format in ISO 2394 is recommended. The effect of interventions, such as protectiye treatment of
wood|during the service-life] is indicated in Figure 3 (see also Clause A.2 for a case regarding a timber powqr 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 pr 7.2.3.2 by
assulning that fexposure(Yi?) = 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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R,S A
1 Rit) 1
P:=P[R(t)- S(t)<0]
e c— —— _— 2
/ >
\ f
Ptarget P(t)
o N
tsp -
R, Y
Key
1 probabilify density function of R(¢)
2 probabilify density function of S(z)
Figure 2 — Mathematical model for préedicting service life
§
Key

1 interventions

10

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

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 Tife of the structure,
— ¢xposure conditions (environmental action),
— (difficulty and cost of maintenance or replacement, taking into account its accessibility,

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

— ¢urrent 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;eomponents of a structure) should be degigned to be
accesgsible to allow inspection, repair or replacement, as well as the maintenance requirements. A rational,
long-ferm plan for maintenance of the structure and its components, including planned repair and
replagcement, 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 ‘litje or none”,
“signfficant” or “extensive”) by considering costs, extent and frequency of disruption for users (e.g. access).
The fselection or design of.components and the specification of the necessary maintenande should be
determined by life-cycle eost/(including user cost) for economy or life-cycle assessment for susfainability. To
exterld the service lifeinherent superior durability or implementation of a more comprehensive maintenance
programme, or bothgShould be specified.

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

NOTHR 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, p) 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 | Components where replacement after failure is planned for, or
to people where other reasons for replacement are more relevant, like
coatings or sealants
2 Minor injuries or little disruption of the|Replaceable but important components for the function of the
use and occupancy of the structure,|structure, such as installations for heating, lighting and
including components that protect other |ventilation or windows, whose replacement is planned before
components essential for the function of | failure
thU GDDUIIIb:y
3 Non-serious  injuries or  moderate [ Non-heavy, non-structural components of the facility. reqpiring
economic, social or environmental | major repair work if they fail, such as_.plumbing, or
consequences components/systems whose replacement is, planned before
failure, such as structural bearings and railiigs/or cladding
4 Loss of human life or serious injuries, or | Structural components that are parts of the primafy or
considerable  economic, social or|secondary load-carrying system,-'emergency exit§ or
environmental consequences components causing major damagde if they fail (e.g. Heavy
parts of the envelope, prefabricated wall elements, Heavy
inner walls, etc.)
9 Predicted service life, 1gp
9.1 General
9.1.1 The predicted service life of the components orthe structure as a whole shall be assessed taking into
account
a) experier|ce in accordance with 9.2,
b) modelling in accordance with 9.3,
c) testing im accordance with 9.4.
All methods used to determiné-predicted service life should be based on a sound understanding of bujlding
science pringiples in accordance with Figure 1.
9.1.2 For the prediction of service life of any component of the structure,
a) experierlce ,may be applied where identical assemblies have been used successfully and in the ame
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) modellin

12

g 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.

NOTH 3 Prescriptive requirements for durability of specific components are contained in current codes’land standards
and qther sources. These requirements usually imply service lives of components which are consistefjt with current
expedtations and which may be considered appropriate for structures of medium or long design life.

9.2 | Prediction based on experience

Procg¢dures on the collection and use of data based on experience, by means, of inspection of [facilities, are
contgined in ISO 15686-2 [16],

Propérly documented local experience, because it is based on reality, provides the most reliablg information
for traditional proven components and assemblies. Also, properly documented new experience of unexpected
failurgs that occur as a result of innovation without adequate reseafch is especially important to gontrol future
failurgs. Table D.1, for example, is based on experience as well as research. For innovative conjponents and
assemblies, or where non-traditional components and assemblies known to be effective in one|environment
are ysed in a significantly different environment, experiencecannot be relied upon; testing ahd modelling
(resefrch) are also necessary.

9.3 | Prediction based on modelling

9.3.1] Conceptual modelling

Congeptual modelling in the design for durability is the application of building science principles i accordance
with Figure 1 and Annexes B, C and D. This applies to the structure environment, transfer jnechanisms,
envirpnmental action, and action effects leading to failure. An example of application of conceptlial modelling
in acgordance 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

Specjfic 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 yg 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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9.3.24 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 yg in
Equation (4), and applied to a reference service life, 7o to estimate a characteristic service life, tg,. The
predicted service life, tgp, can then be estimated by Equation (4) (see 7.2.2).

NOTE See ISO 15686-8 ['9] for alternative formats for the factor method and for the application of the factor method.

9.4 Predi

Testing of cpmponents or assemblies is carried out to estimate the predicted service life, Igpcausgd by
mechanisms|that occur at the various stages as depicted in Figure 1, including transfer mechanisms resplting
in environmental actions leading to damage and loss of resistance, or unacceptable appeararice:

Procedures ¢n the application of testing, including accelerated testing, for estimating the predicted servige life
are containedl in ISO 15686-2 [16],

10 Strategies for durability design

The design process for service-life planning is described in 1ISO 15686-1[15]. One part of that process]| is to
design for dlrability. When the design service life is known, materials, components and design, incljuding
detailing and other reliable measures to lengthen the life, should. bé& chosen so that the predicted servicg life,
with a targel probability of failure, exceeds the required design life. Service life prediction, especially by
experience @nd testing, is covered in 1SO 15686-2[16]. Service life prediction by design principlgs for
modelling durability are described in this International Standard. However, ISO 15686-1 [13] still providds the
framework fgr the design procedures for service-life plafning.

Durability algo depends on the quality of the construction as well as construction details, such as those details
that ensure gontinuity 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 includg, for example, thickness of coating, and depth of concrete cover.

To achieve the design life of ca-structure or a repair, all details and components shall be designed fof that
service life, with or without Planned maintenance and repair; otherwise a replacement shall be planned and
prepared for] It is strongly«‘fecommended to prepare a maintenance/repair/replacement plan for the stricture
at the desigh stage. An\the maintenance plan, all the assumptions made in the design phase shall be
considered, for examplé the need for preventive maintenance, such as inspection and cleaning, to rgduce
cumulative damage;” inspection, maintenance and repair of the structure along with the protectivd and
sheltering m¢asures, 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
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 wood

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 (environméntal action in Table D.1). In

strucjures, there is a roof over the assembly that fully or partially pretects the post from exposure

Woo
the wood structure. The spores of wood decay fungi are present'in the air but require favourable
tempgrature conditions for metabolism.

ished for some countries (see“CSA 478-95, Figure C.4[3]). In other locations, the dec
ined by local knowledge.

Transfer mechanisms

See Annex.D.

The fransfer mechanisms listed in Table A.1, acting on the post over time, can cause influe

strucjure envitonment to become environmental action in the wood post.

A.1.4 ‘Environmental action

many similar
to moisture.

fungal decay is caused by specific types of fungi that metabolize the wood components, bifeaking down

moisture and

spores, rain,

have been
y hazard is

tempgrature, humidity and moisture from the ground. Decay hazard is generally defined by the CEmbination of

nces on the

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 Transfer mechanism and detailing
promotes environmental action to minimize environmental action
Sustained exposure to moisture: Prevention of moisture build-up:
Long-term exposure to rain Cover the top of the post with railings or flashing. Detail to avoid

in joi ; ter t .
Water trapped in joints and around connections water traps

Barriers to fungal deterioration:
Where appropriate, use naturally decay-resistant species of wood.

If reaguired use pressure-treated wood- The snecies-of wood type
< g 14 § L

and level of treatment depend on the decay hazard and)dgsign
life.

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

Prevention of|drying: Optimization of ventilation:
Continuoys high humidity Design with spaces between framing members.
Lack of vgntilation Clear vegetation beneath the deck ‘and around the post to gllow
ventilation.
Exposure to groundwater Barrier:

Use raised footings.

A.1.5 Losq of resistance
NOTE Sg¢e Annexes B and D.

Decayed wopd 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 gffective cross-section of the wood“post and weaken the connections that are in the degayed
portion of thg post.

The wood pgst resists overturning forces-from the railings and axial forces due to gravity actions on the feck.
Where therelis decay, the cumulative@egradation of the post reduces the effective cross-section of the wood
post and wemkens the connection. Fhroughout the service life of the structure, it is the residual section ¢f the
wood post that is required to resSist’the overturning and axial loads. Connections are required to majntain
enough residual capacity to support the deck. (See Figure A.1.)

A.1.6 Inspection and-maintenance

Wood posts jare generally visible and easy to inspect. Decay can initiate at locations where wood seaspning
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 [8l: [°]. 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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over the end grain at the top of the post. For enhanced drainage, angle the railing.
ace railing and deck boards bark side up to reduce water accumulation.

se connections that ‘minimize accumulation of water. If preservatives are used, apply a field apdlication of the
feservative at connections, cuts and notches and use corrosion-resistant fasteners compatible yith the wood
Feservative treatment.

here possible;provide spaces between framing members to allow ventilation and drainage.
aulk tight'joints to prevent moisture accumulation.
se raised footing. Slope footing to enhance drainage. Clear vegetation around the footing to allow venfjlation.

C O <3T°oTC TUO

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
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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 chesen o as
to cover the ¢limate range of Australia.

A.2.2 Basit model for degradation of timber structures

For each patential 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. Thjs degradation, denoted by the parameter ky(¢), is defined by Equation (A.1):

ko(t)= R,/ Rg (A1)
where

R, is tle mean value of the initial strength;

R, is tle mean value of the strength at time +.

In addition tp the mean value, it is also necessary to-make an estimate of the uncertainty of R,. This is
denoted by the coefficient of variation, /; , and includes an allowance for the uncertainties in modelling the
degradation of strength.

The predictigns of degradation are based_on assumptions related to the attack mechanism (environmental
action in Figdre 1). The parameters that(afféct this include the following:

— environmental influences, such as' climate, sea-water salinity and air pollution;
— material|parameters;
— geometryy, including the-choice of decay pattern;

— parameters related.to maintenance strategies.

A.2.3 Modfl 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, d,, into the timber at the ground-line is defined by an initial lag, 7, (similar to r, 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):

r = kwoodkclimate (A.2)
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where k,,,,4 depends on the timber durability class and kg;,.te 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 k,,,.4 for timber specified in terms of their in-ground durability
classification in accordance with AS 5604. Table A.4 gives the values of kyjinate 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—Othermaintenance-treatments-can-prove-to-be-more-effectiveand-theireffect-ecan-be;incorporated

into the model.

Figure A.2 — Schematic illustration of circumferential decay

Y A
30
20
t
|
10 (0
0 1 1 1 T,
0 20 40 60 X
Key
X time, ¢, expressed in years
Y decay penetration, d,, 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 k4 for outer heartwood

Durability class 2 Degradation factor Uncertainty of the
degradation factor

kwood 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 k), for outer heartwood

Zone? Degradation factor Uncertainty of the
degradation factor
kelimate Velimate
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.

e Cairns

Townsville
%

Alice .Springs 3 ., Bundaberg

N A

\ . Coffs Harbour
Perth‘s Kalgoorli

« Adelaide Canberra «

Melbourne
o

Figure A.4 — In-ground decay hazard map of Australia (Zone D is most hazardous)
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The initial time lag, liags expressed in years (analogous to #g, 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):

flag = 3r % (A3)

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 A4, k,,,q=0,38 and
kelimate = 1,9, resulting in a mean decay rate, r, equal to 0,57 mm/yr (Equation A.2) and a mean initial time lag,
liag: Of 3,76 years (Equation A.3). These values of r and 7,4 define the mean decay depth, d, , plotted in

Figure A.3.

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

Vd _\/ wood TV, Ilmate + Vmodel (A.4)
wherg
wood = 0,95 from Table A.3 for variations in ky,qq;

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

/ . . .
climate climate’

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

Fori pole with diameter, D, the mean residual bending strength at time ¢, denoted by 1_3, is given by

Equation (A.5):
- —\3
Rt:%(D—Zdt) fut (A.5)

wherg f; denotes the ultimate fibre strength.of’the undecayed wood. From Equation (A.5), the value of k,
showln in Figure A.5 is given by Equation (A:6):

- (p-24,)’ 1D (A6)

Using a first-order approximation-!1l, the coefficient of variation of the predicted loss in bending strength is
giver] by Equation (A.7):
6V4d,
D -24,

(A7)

durt =

Therg are also.uncertainties associated with the initial strength that it is necessary to consider. The initial COV
of strength, ¥z = 0,2, may be combined with V', , to give an estimate of the uncertainty of the strength at
time {, denoted by V', as follows:

Vlg,t = VI?,O + chur,z (A.8)

The values of R and Vp , 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 Py(1) 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, tgp. The probability that this
Service-life is greater than, or equal to, the specified design life, 7p, is given by the value specified for

Ptarget,ULS'

The time for pole replacement may be specified as either (a) the specified design life, ¢p, 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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X age of thel pole, ¢, expressed in years
Y strength degradation of the pole

1 ko(t) = R,| Ry

2 coefficien{ of variation, V',

Figure A.5 — Effect of age of pole on the strength degradation, k(7),
and the coefficient.of variation,

A.3 Example A.3 — Service life of.a concrete structure determined by carbonation-
induced cprrosion 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 reinfprced
concrete. The models used here describe the main deterioration process, taking into account local variations
in concrete quality and.the environment.

NOTE THe niedels used in this example ['2] are based on data from 44 buildings in south Japan, including medsured
carbonation depths and inspected degree of reinforcement corrosion. The models used are consistent with the apgroach
given in Reference [T3], prepared by Iniernational 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(1) = apy 112 (A.9)
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where

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

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

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

y is a coefficient dependent on the quality of concrete.

Becaise © [ neterogeneity o ONncCr adnad [ variab V O [ ronmenta actions and Of
workmanship, the carbonation depth varies randomly from point to point. Concrete cover-dgpth (a basic
variaple characterized in 7.2.3.2 as a serviceability limit, S,,), has a random distribution begause of the

consfruction variations. To account for the variations, the following assumptions are introduced.

a)

b)

c)

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

'he depth of carbonated zone is assumed to be normally distributed for the ‘example, although other
dlistributions can be used. The coefficient of variation is assumed to be constant.

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

Reinforcement embedded in outdoor concrete is assumed to.Start to corrode when the caronated zone
fleaches the surface of the reinforcement, such as for uncoated steel reinforcement.

For the normal distribution, the potential for corresion initiation (i.e. the limit state function) is [given by the

difference between the cover depth and the depth-ef carbonated zone as given by Equation (A.10):

wherg

Seo ~{[Sim =S()] [ Sim ~ (1) *

1
\/275|:§(t)2V2+02} / Z[E(t)sz +02} (A.10)

[ Siim —S(t)] =

S(z) is the meanwalue of the depth of carbonation;
¢ is the coefficient of variation of the depth of carbonation;
Sim  isthe mean value of the cover depth;

a is the standard deviation of the cover depth.

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

P0= [ 1[Sim = S0)]-d[Sim - 50)] (A11)
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Q

The overl

The design

once the stamdard deviations and coefficients in Equations (A.9) and (A.10) are known.

For example

— «a=1,0 (for outdoor concrete);

time, ¢, expressed in years
cover depth, S, (for curves 1, 3 and 4), or the depth of the carbonated zone, S(¢) (for cutves 2, 5 and 6)

curve of the depth of the carbonated zone, §(t)

curve of the distribution of cover depths, Sji,,, at time #

curve of the distribution of cover depths, Sj,,, at time %,

curve of the distribution of the depths of the carbonated zone, S(¢), at time.r;
curve of the distribution of the depths of the carbonated zone, S(¢), attime ¢,

YA 3 4 1

»

e cover depth, Sjim

p 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

over thickness for the maximum-allowable probability of corrosion initiation can be detern

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

— £=1,0 (ho finishing of /concrete surface);

— ¥ = f(wlg), wherewwl/c is the ratio of water to cement; see Reference [12];

— V=04

— o =15mm.

The probability of corrosion initiation is calculated as a function of w/c for a given cover depth. Figure A.7

shows an ex
probability of

ample for a design cover depth of 40 mm. Assuming that the service life is terminated when the
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.

24
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X tifne, ¢, expressed in years
Y pfobability of corrosion initiation, P, expressed in percent
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2 medium wic
3 Iqwwic
a Plarget = 15 %.
Figure A.7 — Relation between probability of corrosion and predicted service life[2]
A.3.3 Service-life format
This [example can also be expressed using the service-life format in 7.2.2, Equations (3) gnd (4). It is
recognized that the CO, penetration (alchemical process causing a decrease of pH providing thel condition for
reinfgrcement corrosion) is a transfer mechanism, modelled by Equation (A.9). To calculate tgp, the limit state
is cgnservatively defined as theé:‘Corrosion initiation when the CO, reaches the reinforgement. This
corresponds to 1y, in FigureA.-By inverting Equation (A.9), the mathematical model for the agent transfer
provifles rgp, as given by Equation (A.12):
— 2
S"m —0, 50
=t =| S A.12
The service-lifeformat provides the same solution for the limit state of corrosion initiation as the limit-states
format.
NOTE It is nncc|h|o ta calculate tha tima aftar corrasion initiation for r\ror\lnnnlepalhng of tha concr e, texposed(Y)

where Y; are the baS|c 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]-

©1S0
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Annex B
(informative)

and agents (environmental action)

Examples of influences (structure environment)

B.1 Gene

In designing
environment
pollution) an

dl

for durability using the limit-states method (see Figure 1), the structure environmen(the macro-
contains influences outside the structure (atmospheric and ground conditions; including
j 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 envirenmental aftion.

Table B.1 lis
and their corf
durability of

This annex li
materials les
that transfer

environmental actions and action effects that have caused failure in the past.

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

s the most common influences in the structure environment affecting the durability of strugtures
nponents. Table B.2 lists the most common agents causing environmental)actions that affegt the
omponents.

5ts most of the influences and agents causing environmental actions that deteriorate and d¢form
ding to damage and failure of components. Annex C providés)information on the mechanpisms
environmental influences into agents on or within a component. Annex D provides a ljst of

Influence

Outs

de — Atmosphere Rain, snow of.ice

Air constituents

Wind
Temperature and humidity
Sun

Air contaminants (e.g. salt spray) or pollutants

Outs

de — Ground or water Water

Soil constituents
Soil spills/leaks
Road salt

Insid

w

Humidity and temperature

Stored chemicals
Activities causing wear

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

Examples of

Influences Agents a
parameters
Moisture constituents Solid (ice, snow) TOW, RH
Liquid (rain, condensation)
Gas (water vapour)
Moisture contaminants Chlorides, acids, sulfates TOE, RH, pH,
concentration

Air constituents

0,, CO,

TOE, concentration

Air contaminants

Oxides, particulates, sea spray

TOE, concentrgtion

Ground constituents Sulfates and other salts TOE, RHK;pH,
Acids (from decomposition of organics) concehtration

Ground contaminants Chemicals from spills and leaks TOE,RH, pH, T,
Chlorides from road salt cohcentration
Induced electric currents

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, concentrgtion

Use or exposure

Wear, abrasion

TOE, load

@  Expansion of abbreviations; see also B.3.2:

TOW time of wetness

T temperature

TOE time of exposure

F-T freeze-thaw cycles

pH acidity
t time
concentration

load mechanical load

concentration of constituents and contaminants

B.2 |Agents causing environmental action

B.2.1 General

Chemical action takes place continuously in many component materials. These actions may be béneficial (e.g.
increpse of concrete strength during and after curing) or detrimental (embrittlement of plastics exposed to UV
radiation). .Chémical 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 deperldent on the
presenceé 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.

© 1SO 2008 — All rights reserved
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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 corLtaminants from de-icing salts are found in abundance and are a major cause -0fymuch

deterioration

industrial soy
chlorine-confaining plastics.

Acid rain (or
from the bur
atmosphere

addition to affecting life itself.

B.2.3 Aira
Air, like wate|

Atmospheric
develop in th
the alkalinity,
reinforcemer]

Air provides
through ass¢g
penetration.

Particulate n
cosmetic. Hy
the relative h
surface and {

Chlorides in

maritime reg
sea-salt dep
rain.

B.2.4 Soilg and ground contaminants

in roadway infrastructure and parking garages in cold regions. They can also originate
rces, such as hydrochloric-acid manufacturing plants and from the combustion of coal, pap€

snow or mist) is caused by the introduction of sulfur and nitrogen oxides linto the air, prin
hing of coal, gasoline and oil, and from motor-vehicle traffic. This new/Climatic situation i
broduces a number of problems, including deterioration of structures (€.g; limestone building

hd contaminants

I, is both an active agent and a means for transfer of otheragents.

oxygen, when present with moisture, acts as an agentthat causes corrosion and allows deg
e presence of fungi. Carbon dioxide acts as an agent of corrosion of reinforcing steel by red
of concrete (carbonation) and, as a consequénce, the passivity against corrosion of cor
t.
a means for transfer of other agents,such as moisture and chlorides (sea spray). Air leg
mblies (e.g. the building envelope)-is;a'major cause of problems, including condensation an
atter in the air deposited oh“surfaces can contribute to material deterioration, both physica
groscopic deposits (e.g. (salts, dusts, pollen) on material surfaces have been found to dec
he shape of the surface.

5ea spray act-as.contaminants that contribute to atmospheric corrosion and stone deteriorat

bsits canose severe durability hazards to metal cladding, especially on surfaces sheltered

from
r and

harily
h the
s), in

ay to
ucing
crete

kage
] rain

| and
ease

umidity at which a maisture film forms on a surface. The deposits depend on wind flow near the

on in

ons. Sincessodium chloride can take up water from the atmosphere at a low relative hunidity,

from

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.

Fungf that cause deterioration of timber need oxygen and moisture. A moisture content of Jes
20 %| in timber is usually sufficient to prevent fungi from flourishing. Sulfate-reducing bacte
prevglent in environments depleted of oxygen.

The
and 1
and
dams4

predominant insect problem is termite attack of wood and wood-based materials.| Rodents
ats cause considerable damage by gnawing organic materials and PVC casifigs'to electric
heir nests and droppings can cause either mechanical damage (by pecking of soft materials
ge (corrosion of steel bridges exposed to bird droppings).

A m3
wate
differ|

jor cause of damage from plants is the clogging of drains and gutters‘by roots and leaves, W
damage of building components. Trees absorb water from the(soil which, for some sails,
ential settlement.

B.2.6 Temperature

One
temp
cladd
shou
and 9

of the most significant effects of temperature is the deformation of materials subject to
erature. These deformations can result in damagde to components and loss of performance.
ing components are subjected to high temperatures in summer and cold temperatures in wir
d be allowed to expand and contract with temperature cycles. Thermal stresses cause buc
ometimes breakage of components.

Althoj
decre
cond
temp

Ligh most chemical processes are(aceelerated by an increase in temperature, some are acc|

ensation on the surface, previding an environment favourable to corrosion. However, if
erature is high, drying of the surface impedes corrosion.

B.2.T Solar radiation
Orga
contd
mate
adhe

nic materials _such as polymers and wood can deteriorate if exposed to solar radiation
ins enough._energy, however, it can cause a chemical reaction that results in a gradual ¢
Fial properties, such as embrittlement, yellowing or fading of the colour. Sealants can either
sion at{hevinterface.

5 than about
[ia are most

such as mice
cables. Birds
or chemical

hich leads to
can result in

variations in
Roofing and
ter, and they
kling, bowing

clerated by a

ase in temperature. This occurs in the corrosion of metals, where low surface temperatlires promote

the surface

. If radiation
hange of the
crack or lose

The opacity,

of high-energy UV reaching the ground decreases as the sun angle d

radiation. Also, the amount

als to absorb

ecreases.

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
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

chemica

corrosion between dissimilar metal,

Is,

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

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

crazing

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

action
B.3.1 Strug

B.3.1.1 Ac

This is impo

approximate
to less than §

B.3.1.2 Dr

The driving 1

speed, exprg¢ssed in metres per second, is an indicator of the likelihood of rain wetting and penet

external wall

of 7 or more).

B.3.2 Envi

B.3.2.1 Tin
Time of wetn
takes place
such a film ¢
Also time of
traps; see 4
temperature.

pr fracture of plastic in contact with certain sealants.

cture environment

dity of precipitation
rtant for material deterioration, including corrosion. Normal“rain is slightly acidic with a

y 5,6 (caused by CO, in the air). Organic acids and air pellution can further reduce the pH @
,0.

ving rain index
ain index (DRI), the product of the annual rainfall, expressed in metres, and the average

5 of buildings. It is usually classified inta-sheltered (DRI of 3 or less), moderate, and severe

ronmental action

he of wetness (TOW)

ess is one of theomost important parameters for material deterioration. Corrosion, for exa
vhen a metal sUrface exposed to the atmosphere is covered by a film of water. The preser

wetness depends on design details (e.g. retention of moisture between surfaces, gravity
\nnex G)x"This parameter can be improved by the inclusion of other parameters sug

bH of
f rain

wind
ating
(DRI

mple,
ce of

ccurs when_the relative humidity is above 80 % to 90 % and the temperature is above fregzing.

ivater
h as

B.3.2.2 Tin

he-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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