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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.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to 
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see 
www.iso.org/iso/foreword.html.

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

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The underlying aim of this document is to provide guidance for the structural designer to identify 
those aspects of deformation that affect the suitability of a building for the purposes for which it was 
intended, and to suggest certain criteria by which the serviceability of the building in this respect can 
be assessed. In addition, numerical values for these criteria are provided to give some guidance where 
this might be appropriate.

Deformations of building structures can affect the serviceability of the building by causing damage 
to parts of the building and its finishes, by disturbing or harming users, or by preventing proper 
use of the building. Deformations can be caused by ground movements, by differential settlement of 
foundations, by environmental and occupational loads, by pre-stressing forces, and by movements of 
building materials due to creep under load, or changes in temperature, moisture content or chemical 
composition.

Prior to the 1960s, the allowable design stresses assigned to most engineering materials were low and 
design methods were conservative. This resulted in highly redundant building forms, typically with 
comparatively short spans and relatively massive elements. Such buildings were generally very stiff to 
the extent that deflection problems were uncommon. There was little need to realistically ascertain the 
actual deformation of elements since these seldom controlled design or element sizes.

In contrast, modern design methods result in structures that are generally lighter, possess less 
redundancy and are much more reactive to imposed loads. Modern structural design and material 
standards aim to realistically reflect the actual material properties and provide innovative designers 
with the tools to utilize the full potential of new materials. Material technology has also advanced, with 
higher strength materials allowing longer spanning elements, which are typically more susceptible to 
deformations and vibrations. Designers need to assess the response of each element to the appropriate 
combination of realistic actions, often modelling these using analytical and computer techniques. The 
engineering rationale inherent within such an approach is complex. Several assumptions are required 
to assess that response, both to reflect the actual condition of the element in service and to ascertain 
the response of that element to the applied action.

This document identifies and discusses many of the assumptions that are made when assessing 
elemental deformation control. This document provides more detailed background information to 
assist in assuring that these assumptions are appropriate and it provides guidance which allow the 
sensitivity of such assumptions to be assessed with regard to the member, its physical properties or its 
in-service condition.

v© ISO 2022 – All rights reserved	 ﻿
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TECHNICAL REPORT ISO/TR 4553:2022(E)

Deformations and displacements of buildings and building 
elements at serviceability limit states

1	 Scope

This document establishes the basic principles for the determination of deformations of buildings at the 
serviceability limit state when formulating national standards and recommendations. This document 
contains information on how serviceability for buildings and building elements is dealt with in some 
national standards.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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 8930:2021, General principles on reliability for structures — Vocabulary

3	 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8930:2021 apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

4	 Limit state design

A structure or part of a structure, including a building and building elements, is considered unfit 
for use or to have failed when it exceeds a particular condition, called a limit state, beyond which its 
performance or use is impaired (e.g. ISO  22111:2019[21]). Generally, all designs are governed by the 
ultimate limit state and serviceability limit state.

The ultimate limit state primarily focuses on the maximum load-bearing capacity beyond which failure 
occurs. The application of ultimate limit state in designs is commonly based on the assessment of 
either the impact of failure on loss of human life or personal injury, or both, and economic, social and/
or environmental consequences. In major standards, different buildings and structures are assigned 
structural importance, consequence or risk classifications. Examples of these classifications can be 
found in the following standards:

a)	 AS/NZS 1170.0:2002, 3.3 for New Zealand, and Annex F: F2 for Australia[9];

b)	 prEN 1990:2020, 4.3, A.1.3, A.1.4[11];

c)	 ISO 2394:2015, F.2[17];

d)	 Table 2.4.1 of Reference [23];

e)	 ASCE 7-16, 2.2.1, Table 2.2.1[10].

These classifications are summarized in Table 1.

1© ISO 2022 – All rights reserved	 ﻿
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Table 1 — Summary of relationship between structural importance/risk classification and 
consequence of failure for major standards

Consequence of 
failure

Structural importance/risk classification

AS/NZS 1170.0:2002[9] prEN 1990:2020[11] ISO 2394:2015[17] Reference [23] ASCE 7-16[10]

Low 1
CC0

CC1
1 Not considered 1

Ordinary 2 CC2 2 III 2

High
3

CC3
3

II
3

4 4 4

Exceptional 5 CC4 5 I 5

Additional considerations are given to special and essential buildings and infrastructures in order 
either to mitigate the hazards posed to community or to maintain functionality in the event of failure, or 
both. The design of this category of buildings and structures is usually governed by special guidelines 
and hence is beyond the scope of regular national standards.

Serviceability limit state deals with the loss of functionality related to normal use. This document 
focuses on the serviceability limit states relating to the deformations and displacements of buildings 
and building elements.

5	 Serviceability limit state guidelines for buildings and building elements

Serviceability limit states for buildings and building elements are related to users’ comfort, loss of 
intended functionality to normal use and gradual deterioration. In these states, the modes of failure, i.e. 
undesirable states, include:

a)	 Unacceptable deflections/displacements (deformations): the acceptable limits are subjective and 
depend on human perception. A building with visible deflections (horizontal or vertical) is not 
acceptable by some members of the public, even when it is structural safe. The displacements limits 
often govern the design of a structure.

b)	 Excessive vibrations: they can cause discomfort to people or affect non-structural elements or 
functioning of equipment. The acceptability criteria are highly subjective and depend on human 
perception. The design for vibration very often requires a dynamic analysis.

c)	 Local damage including cracking: They affect the appearance and functional reliability of the 
building. In concrete structures, they lead to steel corrosion, spalled concrete, salt penetration, and 
loss of concrete tensile strength.

It is important to distinguish reversible and irreversible serviceability limit states (e.g. 
ISO 2394:2015[17]). A reversible serviceability limit state is a state in which the effects of actions do not 
remain when the actions are removed, while an irreversible serviceability limit state is one in which 
the effects of actions remain even after the actions are removed.

It is noteworthy that in practice, many serviceability requirements are subject to agreement between 
the owner and the designer.

This document focuses on serviceability limit states relating to the deformations and displacements of 
buildings and building elements.

6	 Design procedure for serviceability limit states

Most national standards recommend design procedure for buildings and building elements for 
serviceability limit states. These design procedures comply with the serviceability limit state design 
methodology adopted by individual national standard, such as those presented in:

a)	 AS/NZS 1170.0:2002, 2.1, 2.3[9];

	 ﻿� © ISO 2022 – All rights reserved
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b)	 ISO 22111:2019, D.1, D.3[21];

c)	 Japanese standards summarized in Reference [26];

d)	 ASCE 7-16, Annex CC[10].

Generally, the design procedure for serviceability limit state includes, but is not limited to, consideration 
of the following:

a)	 properties of materials and geometry of the structure relevant to the serviceability of the building 
or building element;

b)	 structural importance, consequence, risk, probability of exceedance or reliability classification of 
the building for serviceability;

c)	 serviceability actions, including permanent actions, variable actions and accidental actions such as 
seismic actions;

d)	 combinations of actions for serviceability limit states and the corresponding design values;

e)	 serviceability response of the building or building element;

f)	 limiting values for the serviceability design conditions.

7	 Probability of exceedance and reliability index for serviceability

In a fully probabilistic framework, target reliability level can be expressed through a  probability 
of exceeding (failure) the limit state Pf or a reliability index β. Examples of different probabilistic 
frameworks adopted for serviceability limit state can be found in the following standards:

a)	 AS/NZS 1170.0:2002, 3.4, Table 3.3, Annex C[9];

b)	 prEN 1990:2020, C3.3.2.2[11];

c)	 ISO 22111:2019, 6.1, 6.2, 6.3, C.1, C.2, C.3[21];

d)	 Housing Performance Display Standard (2001)[22], AIJ Recommendations for Loads on Buildings 
(2015)[7];

a)	 ASCE 7-16, Annex CC[10].

Typical reliability levels in terms of reliability index and the corresponding probabilities of exceedance, 
according to The JCSS probabilistic model code (2001)[24], are given in Table 2.

Table 2 — Typical reference target reliability levels for serviceability limit state with associated 
probabilities of exceedance for a one-year reference period

Type of serviceability 
limit state

Relative cost and effort 
of safety measures

Reference target reliability 
index 

β

Probability of exceeding 
the limit state 

Pf

Irreversible
High 1,3 0,10

Normal 1,7 0,05
Low 2,3 0,01

For serviceability limit states, target reliability or probability of failure values are generally related 
to the relative cost and effort of implementing safety measures necessary for achieving sufficient 
reliability. A qualitative assessment of cost and effort is necessary to determine the consequences of 
exceeding a given limit state for a structural member, usually for a range of target reliability levels, 
typically ±0,3.

© ISO 2022 – All rights reserved	 ﻿
﻿

3

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 45

53
:20

22

https://standardsiso.com/api/?name=19bf5898eb528f970ad6cd80058c8351


ISO/TR 4553:2022(E)

It is noteworthy that for reversible serviceability limit states, the frequency of exceeding the limit state 
is an important consideration. For some existing structures, the target reliability levels are different, 
usually more conservative, than those presented in this clause. For example, ISO  13822:2010[20] 
suggests a target reliability index β = 0 for a reference period equal to the intended remaining working 
life of an existing structure, with a corresponding probability of exceeding the limit state Pf  =  0,5. 
Importantly, if the considered serviceability limit state results in the possibility of occurrence of an 
ultimate limit state in a structure or its structural load bearing elements, it is prudent to consider 
higher values of target reliability levels.

8	 ​Verification methods for serviceability

8.1	 General

Most national standards adopt similar principles and methods for the verification of serviceability limit 
state. The detailed principles and methods can be found in the following standards:

a)	 AS/NZS 1170.0:2002, 4,1, 4.3, Annex C[9];

b)	 prEN 1990:2020, 8.4, A.1.6.2, Table A.1.7[11];

c)	 ISO 22111:2019, Clauses 7, 8, 9, B.1, B.2, B.3[21];

d)	 References [1] and [4];

e)	 ASCE 7-16, Annex C, Annex CC[10].

The following is a summary of these principles and methods, mostly based on prEN 1990:2020[11].

Checking serviceability limit states involves verification according to Formula (1):

Ed ≤ Cd	 (1)

where

  Ed is the design value of the effects of actions specified in the serviceability criterion, determined 
on the basis of the relevant combination of actions;

  Cd is the limiting design value of the relevant serviceability criterion.

Many national standards specify a comprehensive list of serviceability criteria. These will be discussed 
in Clause 9 by presenting selected serviceability criteria and the associated limiting design values for 
common design examples.

8.2	 Actions

The actions that give rise to a design value requiring verification for serviceability limit state can be 
classified as permanent (G), variable (Q), accidental (A), and seismic (AE). The effects of these actions 
and their relevant combinations are integral to the design of buildings and building elements at 
serviceability limit states.

Permanent actions (G), which vary little in time and magnitude, include, but are not limited to, the 
following:

a)	 self-weight of the structure;

b)	 supported constructions;

c)	 earth pressure, ballast, fluids with well-defined pressure; actions from movement due to 
differential settlement;

	 ﻿� © ISO 2022 – All rights reserved
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d)	 pre-stressing, imposed deformation from construction processes.

Variable actions (Q), which are characterized by frequent and large variations, include, but are not 
limited to, the following:

a)	 action imposed due to use and occupancy;

b)	 wind action;

c)	 snow action;

d)	 seismic action;

e)	 action due to ponding of either water or hail, or both;

f)	 action due to fluids, where variable, including ground water and floods;

g)	 atmospheric and floating ice action;

h)	 action due to currents and waves;

i)	 action due to moving loads and their effects;

j)	 action due to forces and effects arising from contraction or expansion resulting from climatic 
changes or technological temperature changes such as heating and cooling, moisture changes;

k)	 environmental influences.

Accidental actions (A), which are considerable in magnitude but have a small probability of occurrence 
relative to the anticipated time of use, include, but are not limited to, the following:

a)	 action due to explosion;

b)	 action due to collision;

c)	 seismic action (AE);

d)	 action due to erosion;

e)	 action due to fire.

8.3	 Design values of the effects of actions

The design value of the action-effects Ed for a specific combination of actions can be determined 
according to Formula (2):

Ed= E{Fd; ad; Xd}	 (2)

where

  E{…} is the combined effect of the enclosed variables;

  Fd is the design value of actions, which is presented in 8.4, where the partial factor that takes 
account of unfavourable deviation of an action from its characteristic value γF = 1,0;

  ad is the design value of geometrical parameters, which is presented in 8.5;

  Xd is the design value of material properties, which is presented in 8.6.

© ISO 2022 – All rights reserved	 ﻿
﻿

5

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 45

53
:20

22

https://standardsiso.com/api/?name=19bf5898eb528f970ad6cd80058c8351


ISO/TR 4553:2022(E)

8.4	 Combination of actions

8.4.1	 General

The combinations of actions to be taken into account in the relevant design situations are those 
considered to be appropriate for the serviceability requirements and performance criteria being 
verified. For each critical load case, the design values of the effects of actions Ed are determined by 
combining the values of actions that are considered to occur simultaneously. For serviceability limit 
states, appropriate combinations of actions ΣFd need to be considered, and these include characteristic 
combinations, frequent combinations and quasi-permanent combinations, which are described in 8.4.2, 
8.4.3 and 8.4.4 respectively. Each combination of actions includes a leading variable action and any 
accompanying variable actions. Imposed deformations are also taken into account where relevant.

8.4.2	 Characteristic combination of actions

Characteristic combination of actions can be determined according to Formula (3):

∑ = + + + ( )∑ ∑
>

F G Q Q P
i j

d k i k j k j k, , , ,1

1

0ψ 	 (3)

where

  Fd is the design value of an action;

  ∑ � is the combination of the enclosed variables;

  Gk i, is the characteristic value of a permanent action;

  Qk ,1 is the characteristic value of the leading variable action;

  ψ0,j is the combination factor applied to the accompanying variable action;

  Qk j, is the characteristic value of an accompanying variable action;

  Pk is the characteristic value of any pre-stress applied to the structure (if present).

The characteristic value of an action is the specified fractile determined in accordance with 
ISO 2394:2015[17].

8.4.3	 Frequent combination of actions

Frequent combination of actions can be determined according to Formula (4):

∑ = + + + ( )∑ ∑
>

F G Q Q Pd

i

k i k

j

j k j k, , , , ,ψ ψ1 1 1

1

2 	 (4)

where

  ψ1,j is the combination factor applied to the leading variable action;

  ψ2,j is the combination factor applied to the accompanying variable actions.

8.4.4	 Quasi-permanent combination of actions

Quasi-permanent combination of actions can be determined according to Formula (5):

∑ = + + ( )∑ ∑F G Q Pd

i

k i

j

j k j k, , ,ψ2 	 (5)
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8.4.5	 Combination of actions in seismic design situations

For seismic design situations, the combination of actions can be determined according to Formula (6):

∑ = + + + ( )∑ ∑F G A Q PE
j

d

i

k i d SLS j k j k, , , ,ψ2 	 (6)

where AEd SLS, 	is the design value of seismic action in a serviceability limit state, which is specified in 
different national standards, for example, EN 1998-1:2004[16].

8.5	 Design values of geometrical parameters

When the design of the structure is sensitive to deviations in a geometrical parameter, the design value 
of that parameter ad can be determined according to Formula (7):

ad = anom ± Δa	 (7)

where

  anom is the nominal value of the geometrical parameter;

  Δa is a deviation that takes account of unfavourable deviations from the nominal value and the 
cumulative effect of a simultaneous occurrence of several geometrical deviations.

It is noted that the effects of deviations in geometrical parameters can be important when second order 
effects are significant.

When the design of a structure is not significantly sensitive to deviations in a geometrical parameter, 
the design value of parameter ad can be calculated from Formula (8):

ad = anom	 (8)

The design value of a geometrical imperfection id can be calculated from Formula (9):

id = Δa	 (9)

The value Δa can be found in various national standards.

The deviation can be taken as zero in the verification of serviceability limit states, unless specified 
differently in the national standards.

8.6	 Design values of material properties

The design value of a material property Xd can be determined according to Formula (10):

Xd = 
Xrep

mγ
	 (10)

where

  Xrep is the design value of material properties;

  γ m is a partial factor accounting for unfavourable deviation of the material properties from their 
characteristic values.

© ISO 2022 – All rights reserved	 ﻿
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9	 Criteria for serviceability limit state

9.1	 General

Serviceability criteria are primarily based on criteria concerning the following:

a)	 deformations that adversely affect the appearance, the comfort of users, or the functioning of the 
building (including the functioning of machines or services);

b)	 deformations that cause damage to finishes or elements other than structural;

c)	 vibrations that cause discomfort to people or limit the functional effectiveness of the building;

d)	 damage that is likely to adversely affect the appearance, durability or functioning of the structure.

Serviceability criteria for buildings and building elements can include, for example, floor deflection and 
stiffness, differential settlements, inter-storey sway and/or building sway, roof deflection and stiffness, 
vibration frequency and amplitude/acceleration, and concrete crack width. Serviceability criteria also 
apply to elements “other than structural”, which refer to non-load-bearing building elements such as 
partition walls and false ceilings. For non-industrial buildings, design values of serviceability criteria 
can be expressed independently of structural materials.

Serviceability requirements for buildings and building elements can also be specified individually for 
each project. Depending on the specific characteristics of the structural system and its material, other 
limiting values can be specified and agreed by the relevant parties involved in the design.

In addition to serviceability criteria for buildings, some national standards also provide criteria for 
other types of structures. For example, prEN  1990:2020[11] proposes the inclusion of serviceability 
criteria for bridges, towers, masts and chimneys, silos and tanks, strictures supporting cranes, and 
marine coastal structures.

This document focuses on serviceability limit states relating to the deformations and displacements of 
buildings and building elements, since “ordinary” buildings account for more than 90 % design cases. 
A range of serviceability criteria for buildings and building elements can be found in the following 
standards:

a)	 AS/NZS 1170.0:2002, Table C.1[9];

b)	 prEN 1990:2020, A.1.8[11];

c)	 ISO 4356:1977, Table 2[18];

d)	 References [2], [3], [5], [6] and [8];

e)	 ASCE 7-16, Annex CC[10].

Subclause 9.2 summarizes the serviceability criteria for vertical and horizontal deformations of 
buildings and building elements, mostly based on Eurocode.

9.2	 Vertical and horizontal deformations

9.2.1	 General

Vertical and horizontal deformations for serviceability limit states can be determined using appropriate 
combinations of actions outlined in Clause  8, or in accordance with procedures specified in other 
national standards. When the deformations obtained using a combination of actions that do not include 
the effects of execution tolerances, these tolerances are also considered, if significant. Special attention 
is also given to the distinction between reversible and irreversible limit states.
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9.2.2	 Vertical deformations

9.2.2.1	 General

Vertical deformations can be determined using the parameters shown in Figure 1.

Figure 1 — Components of vertical deformations

Key
wc pre-camber in the unloaded structural member, including pre-stress, if any
w1 initial part of the displacement under permanent loads of the relevant combination of actions
w2 long-term part of the displacement under permanent loads including quasi-permanent loads
w3 instantaneous displacement due to variable actions excluding the quasi-permanent loads
wtot total deflection as the sum of w1, w2 and w3
wmax remaining total deflection taking into account the pre-camber

9.2.2.2	 Steel buildings — Vertical deformations

For steel buildings, it is suggested (e.g. EN 1993-1-1:2005[15]) that the vertical deformations of building 
elements at serviceability limit states do not exceed the design values shown in Table 3.

Table 3 — Indicative design values of vertical deformation for non-industrial buildings, as a 
function of L, the span, or twice the length of a cantilever

Building element Deformation  
wmax

Roof girders (trusses and full-wall) L/250
Gutters L/250
Corrugated sheets L/150
Elements of ceilings and flat roofs:
—  main beams
—  secondary beams

L/350
L/250

Lintels for windows and gates L/500

9.2.2.3	 Concrete buildings — Vertical deformations

For concrete buildings, it is suggested that the vertical deformations of building elements at 
serviceability limit states do not exceed the design values shown in Table 4, according to Polish standard 
PN-B 03264:2002[25].
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Table 4 — Indicative design values of vertical deformation for non-industrial buildings, as a 
function of the span, L

Building element Span Deflection  
wmax

Beams and slabs of ceilings  
and roofs

L ≤ 6,0 m
6,0 ≤ L ≤ 7,5 m

L ≥ 7,5 m

L/200
30 mm
L/250

Roof coverings
L ≤ 6,0 m

6,0 ≤ L ≤ 10 m
L ≥ 10 m

L/150
40 mm
L/250

Cantilevers — L/150

9.2.3	 Horizontal deformations

9.2.3.1	 General

Horizontal deformations can be determined using the parameters shown in Figure 2.

Key
u overall horizontal deformation over the building height H
ui horizontal deformation over a storey height Hi

Figure 2 — Components of horizontal deformations

9.2.3.2	 Steel buildings — Horizontal deformations

For steel buildings, it is suggested (e.g. EN  1993-1-1:2005[15]) that the horizontal deformations of 
buildings at serviceability limit states do not exceed the following design values:

a)	 single storey buildings (without gantry): H/150;

b)	 multi-storey buildings: H/500.
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