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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.
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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
usel of the building. Deformations can be caused by ground movements, by differential seftlement of
fouhdations, by environmental and occupational loads, by pre-stressing forces, and by moyements of
building materials due to creep under load, or changes in temperature, moisture content gr chemical
conpposition.

Pripr 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, typjcally with
conpparatively short spans and relatively massive elements. Such buildings 'were generally viery stiff to
the|extent that deflection problems were uncommon. There was little need to realistically asfertain the
actial deformation of elements since these seldom controlled design or‘element sizes.

In fontrast, modern design methods result in structures that are generally lighter, pgssess less
redundancy and are much more reactive to imposed loads,;\Modern structural design and material
stapdards aim to realistically reflect the actual material properties and provide innovativeg designers
with the tools to utilize the full potential of new materialsyMaterial technology has also advdnced, with
higher strength materials allowing longer spanning elements, which are typically more susceptible to
defprmations 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 techrliques. The
engdineering rationale inherent within such anapproach is complex. Several assumptions are required
to dssess that response, both to reflect the-actual condition of the element in service and t¢ ascertain
the|response of that element to the appliedaction.

This document identifies and discusses many of the assumptions that are made when assessing
elenental deformation control. This document provides more detailed background infoyrmation to
assjst in assuring that these assumptions are appropriate and it provides guidance whiclj allow the
senfsitivity of such assumptions to be assessed with regard to the member, its physical propgrties or its
in-dervice condition.

© IS0 2022 - All rights reserved v
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Deformations and displacements of buildings and building
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Normative references

following documents are referred to in the text in such a way that seme or all of th

ated references, the latest edition of the referenced document (including any amendmen

8930:2021, General principles on reliability for structures — Yocabulary

Terms and definitions

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

[SO Online browsing platform: available\at https://www.iso.org/obp

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

Limit state design

formance or use_isdmpaired (e.g. ISO 22111:2019[21]). Generally, all designs are gover

ultimate limit state.dnd serviceability limit state.

The
occ
eith
or {

urs. Thelapplication of ultimate limit state in designs is commonly based on the ass

yiceability limit state when formulating national standards and recommendations. Thig
conftains information on how serviceability for buildings and building elements is dealt|wi

and IEC maintain terminology databases foruse in standardization at the following add

tructure or part of a stoucture, including a building and building elements, is consid
use or to have failed when it exceeds a particular condition, called a limit state, beyond which its

er theimpact of failure on loss of human life or personal injury, or both, and economic, s
envitonmental consequences. In major standards, different buildings and structures ar

document
kth in some

pir content

stitutes requirements of this document. For dated references, only-the edition cited applies. For

s) applies.

esses:

ered unfit

hed by the

ultimate limit state primarily focuses on the maximum load-bearing capacity beyond which failure

bssment of
ocial and/
le assigned

striictural importance, consequence or risk classifications. Examples of these classificatipns can be

found in the following standards:

a)
b)
c)
d)
e)

AS/NZS 1170.0:2002, 3.3 for New Zealand, and Annex F: F2 for Australial?];
prEN 1990:2020, 4.3, A.1.3, A.1.4[11];

1SO 2394:2015, F.2[17];

Table 2.4.1 of Reference [23];

ASCE 7-16, 2.2.1, Table 2.2.1[10],

These classifications are summarized in Table 1.
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Table 1
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— Summary of relationship between structural importance/risk classification and
consequence of failure for major standards

Consequenc
failure

Structural importance/risk classification
prEN 1990:2020[11] 1SO 2394:2015[17] Reference [23]

e of

AS/NZS 1170.0:2002[2] ASCE 7-16[10]

Low

CCo
CC1

1 1 Not considered 1

Ordinary

ccz2 11

High

II

CC3

Exception

2 2 2
3 3 3
4 4 4
5 5 5

CC4 1

Additional
either tom
both. The

and hence

Serviceabi
focuses on|
and buildil

5 Serviceability limit state guidelines for buildings and building elements

Serviceabi
intended fy

undesirable states, include:

Unacc
depen
accept
often §

a)

b) Excess
functi
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Local
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loss of]
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ISO 2394:7
remain wh
the effects

der
,or
nes

considerations are given to special and essential buildings and infrastructures in or
itigate the hazards posed to community or to maintain functionality in the event of failurg
Hesign of this category of buildings and structures is usually governed by special guidelj
is beyond the scope of regular national standards.

ity limit state deals with the loss of functionality related to normal use. This docunjent
the serviceability limit states relating to the deformations and displacements of buildings
g elements.

of
i.e.

ity limit states for buildings and building elements are related to users’ comfort, los
inctionality to normal use and gradual deterioration. In these states, the modes of failure

T

hnd
not
hits

bptable deflections/displacements (deformations): the acceptable limits are subjective

1 on human perception. A building with~visible deflections (horizontal or vertical) is
able by some members of the public, evew’'when it is structural safe. The displacements li1]
rovern the design of a structure.

ive vibrations: they can cause ‘discomfort to people or affect non-structural element;
bning of equipment. The acceptability criteria are highly subjective and depend on hur
tion. The design for vibration very often requires a dynamic analysis.

or
nan

the
hnd

damage including cracking: They affect the appearance and functional reliability of
1g. In concrete structiires, they lead to steel corrosion, spalled concrete, salt penetration,
concrete tensileCstrength.

ortant to_“distinguish reversible and irreversible serviceability limit states
0150171 AFeversible serviceability limit state is a state in which the effects of actions do
en thesactions are removed, while an irreversible serviceability limit state is one in wk
of actions remain even after the actions are removed.

e.g.
not
tich

W

It is note

orFhy n

W

the owner

s 4h ot 130 o bl an ANy cn Aeen
1 CIr cIIac IIn l.ll acTtity, lllull‘y [ A

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

methodolo

gy adopted by individual national standard, such as those presented in:

a) AS/NZS 1170.0:2002, 2.1, 2.312];

© IS0 2022 - All rights reserved
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b) 1S022111:2019, 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 cldssjfication of
the building for serviceability;

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

d) | combinations of actions for serviceability limit states and the corresponding design valyes;
e) | serviceability response of the building or building element;

f) |limiting values for the serviceability design conditions.

7 |Probability of exceedance and reliability indexfor serviceability

In f fully probabilistic framework, target reliability level can be expressed through a probability
of ¢xceeding (failure) the limit state P; or a reliability index B. Examples of different prjobabilistic
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 ¢t
b) |prEN 1990:2020, C3.3.2.211];
) |1S022111:2019, 6.1, 6.2, 6.3, C.1; 6.2, C.3121];

d) |Housing Performance Display Standard (2001)22], AI] Recommendations for Loads on} Buildings
(2015)1Z];

a) |ASCE 7-16, Annex CQROI

Typical reliability levels in terms of reliability index and the corresponding probabilities of exceedance,
accprding 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 gssociated
probabilities of exceedance for a one-year reference period

Typeyof serviceability | Relative cost and effort |Reference target reliability | Probability oflexceeding
limitstate of Safety measures index the limitstate
B Py
High 1,3 0,10
Irreversible 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.

©1S0 2022 - All rights reserved 3
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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, 1ISO 13822:2010120]
suggests a target reliability index f = 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 P; = 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 cprvirpnhilify

8.1 Genpral

Most natiopal standards adopt similar principles and methods for the verification of seryieeability lijmit
state. The fletailed principles and methods can be found in the following standards:

a) AS/NZS 1170.0:2002, 4,1, 4.3, Annex Cl2];

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

¢) IS0 22111:2019, Clauses 7, 8, 9, B.1, B.2, B.3[21];

d) Refergnces [1] and [4];

e) ASCE 7-16, Annex C, Annex CC[10],

The followjing is a summary of these principles and methods;fostly based on prEN 1990:2020[111,
Checking gerviceability limit states involves verification-according to Formula (1):

E4<Cy (0

where

E4 isfhe design value of the effeetsof actions specified in the serviceability criterion, determiped
or] the basis of the relevant combination of actions;

C4 isthe limiting design value of the relevant serviceability criterion.

Many natig¢nal standards specify a comprehensive list of serviceability criteria. These will be discugsed
in Clause 9 by presenting.selected serviceability criteria and the associated limiting design values| for
common dpsign exaniples.

8.2 Actipns

The actionls that give rise to a design value requiring verification for serviceabhility limit state can be
classified as permanent (G), variable (Q), accidental (4), and seismic (Ag). 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;

4 © IS0 2022 - All rights reserved
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pre-stressing, imposed deformation from construction processes.

Variable actions (Q), which are characterized by frequent and large variations, include, but are not

lim

ited to, the following:

a) action imposed due to use and occupancy;

b) wind action;

c) snow action;

d) seismicaction;

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, ofJexpansion resulting from climatic
changes or technological temperature changes such as heating and cooling, moisture changes;

k) | environmental influences.

Acdidental actions (4), which are considerable in maganitude but have a small probability of ¢ccurrence

relative to the anticipated time of use, include, but are'not limited to, the following:

8.3

The
acc

action due to explosion;
action due to collision;
seismic action (4g);
action due to erosion;

action due to fire.

Design values©f-the effects of actions

design value(of the action-effects E4 for a specific combination of actions can be d

brding to Fotumula (2):

wh

etermined

bre
E{..} isthe combined effect of the enclosed variables;
Fy 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 y = 1,0;
ay is the design value of geometrical parameters, which is presented in 8.5;
Xy is the design value of material properties, which is presented in 8.6.
© IS0 2022 - All rights reserved 5
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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 E; are determined by
combining the values of actions that are considered to occur simultaneously. For serviceability limit
states, appropriate combinations of actions £F, 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 A A Tespectively. Each combination of actions inciudes a leading variable action and pny
accompanying variable actions. Imposed deformations are also taken into account where relevant!

8.4.2 Characteristic combination of actions

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

2Fy :ZGk,i +0Qx 1 +ZWO,ij,j +(F) (3)
i j>1
where
Fy is the design value of an action;
Y is the combination of the enclosed variables;
Gy ; | is the characteristic value of a permanent action;

Qx 1 | is the characteristic value of the leading variable action;

Vo, | is the combination factor applied to thexaccompanying variable action;
Qk,j | 1s the characteristic value of an acCompanying variable action;
P is the characteristic value of any pre-stress applied to the structure (if present).

The chardcteristic value of an ,action is the specified fractile determined in accordance with
1SO 2394:20150171,

8.4.3 Frequent combination of actions

Frequent gombination ef-actions can be determined according to Formula (4):
2Ky :sz,i 110k 1 +21//2,ij,]- +(Py) 4)
i j>1

where

V1, Isthe combination factor applied to the leading variable action;

Wy, Iisthe 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):

2 Fy :ZGk,i +Z‘l/2,ij,j+(Pk) (5)
i )

6 © IS0 2022 - All rights reserved
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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):
XFy ZZGk,i +Agq sis +2V/2,ij,j +(P) (6)
i J

where Agq g5 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[16l,

8.5—Designvaluesofgeometrical parameters———————————

Whien the design of the structure is sensitive to deviations in a geometrical parameter, the/d¢sign value
of that parameter a, can be determined according to Formula (7):

aq = ayom * Aa (7)
where
a,om 1S the nominal value of the geometrical parameter;

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

It i noted that the effects of deviations in geometrical parameters can be important when sefond order
effdcts are significant.

When the design of a structure is not significantly sensitive to deviations in a geometrical parameter,
the|design value of parameter a4 can be calculated from Formula (8):

aq = dypom (8)

The¢ design value of a geometrical imiperfection iy can be calculated from Formula (9):

The value Aa can be found,in various national standards.

Thd deviation can be’taken as zero in the verification of serviceability limit states, unlesp specified
differently in the qational standards.

8.4 Design)values of material properties

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

L

A
X, = _rep (10)
Vm
where
Xiep Is the design value of material properties;

Ym isapartial factor accounting for unfavourable deviation of the material properties from their
characteristic values.

©1S0 2022 - All rights reserved 7
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9 (Criteria for serviceability limit state

re.

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

d) damage thatis likely to adversely affect the appearance, durability or functioning of the structy

Serviceability criteria for buildings and building elements can include, for example, floor deflection

stiffness, d
vibration f
apply to el
partition
can be exp|

Serviceabi
each proje
limiting va

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

This documnent focuses on serviceability limit states relating to the deformations and displacement]
buildings and building elements, since “ordinaxy’ buildings account for more than 90 % design ca
A range of serviceability criteria for buildirigs and building elements can be found in the follow
standards

a) AS/NZS 1170.0:2002, Table C.1[2k

b) prEN 1990:2020, A.1.8[11];

c) IS0 4356:1977, Table 2[18[;

d) Referdnces [2], [3]4]5}/ [6] and [8];

e) ASCE 7-16, Aniex CCI10],

Subclause |9.2¢ sutmmarizes the serviceability criteria for vertical and horizontal deformationg
buildings drid-building elements, mostly based on Eurocode.

ifferential settlements, inter-storey sway and/or building sway, roof deflection and stiffn
requency and amplitude/acceleration, and concrete crack width. Servicé€ability criteria 4

valls and false ceilings. For non-industrial buildings, design values. of’serviceability crit
ressed independently of structural materials.

ity requirements for buildings and building elements can also be specified individually
ct. Depending on the specific characteristics of the structfiral system and its material, ot
lues can be specified and agreed by the relevant parties involved in the design.

hnd
eSS,
11so

ements “other than structural”, which refer to non-load-bearing building elements such as

bria

for
her

for
lity
and

s of
ses.
ing

of

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.

© IS0 2022 - All rights reserved
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9.2.2.1 General
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Vertical deformations can be determined using the parameters shown in Figure 1.

O

Q
W —E
[61
// W2 Wiot
Wmax w3

w; | initial part of the displacement under permanent loads of the relevant ¢ombination of actions
w, | long-term part of the displacement under permanent loads including\quasi-permanent loads
ws | instantaneous displacement due to variable actions excluding the-quasi-permanent loads

Wy total deflection as the sum of wy, w, and w,

mdgx

9.2|12.2 Steel buildings — Vertical deformations

remaining total deflection taking into account the pre-camber

Figure 1 — Components of vertical deformations

pre-camber in the unloaded structural member, including pre-stress, if any.

Forsteel buildings, it is suggested (e.g. EN 1993-1*1:2005[12]) that the vertical deformations pf building

elenents at serviceability limit states do not exceed the design values shown in Table 3.

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: L/350

— main beams L/250

— secondary beams

Lintels for windows and gates L/500

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

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[23],
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ISO/TR 4553:2022(E)

Table 4 — Indicative design values of vertical deformation for non-industrial buildings, as a
function of the span, L

Building element Span Deflection

Wmax

L<6,0m L/200

Beams and slabs of ceilings 60<L<75m 30 mm

and roofs

L275m L/250

L<6,0m L/150

oof coverings 6,0<L<10m 40 mm
L=210m L/250

Cantilevers — L/150

9.2.3 Horizontal deformations

9.2.3.1 (eneral

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

| L |

u overall|horizontal deformation over the building height H

Key

u.

; horizontal defortnation over a storey height H;

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[12]) 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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