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FOREWORD

ISO (the International Organization for Standardization) is a worldwide federation
of national standards institutes (ISO member bodies). The work of developing
International Standards is carried out through ISO technical committees. Every
member body infterested in a subject for which a technical committee has been set
up has the right|to be represented on that committee. International organizations,
governmental anfl non-governmental, in liaison with ISO, also take part in the work.

Draft Internatiohal Standards adopted by the technical committees are circulated
to the member bodies for approval before their acceptance as International
Standards by thg ISO Council.

International Standard SO 4356 was developed by Technical Commijttee
ISO/TC 98, Basds for design of structures, and was circulated to the memberbodies
in July 1976.

It has been apprdved by the member bodies of the following countries :

Austria India Romania

Brazil Israel South Africa, Rep. of
Canada Korea, Rep. of Spain

Chile Mexico Sweden
Czechosloyakia New Zealand Turkey

France Norway United Kingdom
Germany Poland

Hungary Portugal

The member bodies of the fallowing countries expressed disapproval of the
document on te¢hnical grounds :

Australia
Belgium
Denmark
U.SS.R.

© International Organization for Standardization, 1977 e

Printed in Switzerland
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INTERNATIONAL STANDARD

I1SO 4356-1977 (E)

Bases for the design of structures — Deformations of
buildings at the serviceability limit states

0 INTRODUCTION

Deformatjons call for much thought on the part of the
designer, jand there is more than one way of dealing with
some of them.

The undgrlying aim of the document is to assist the
designer [to identify those aspects of deformation that
affect th¢ suitability of a building for the purposes for
which it [was intended, and to set up certain criteria by
which the¢ performance of the building in this respect can
be assessed. In addition, numerical values for some of these
criteria ate suggested in order to give some guidance where
this migit be desired. National standards may adopt
different humerical values if conditions so require.

The recommendations for criteria of deformation, and the
suggestions for limiting values are presented in annex D
(tables 1 and 2).

The methods used by the designer to try to ensurecthat the
building gomplies with these criteria are not, in"themselves,
a matter |for this International Standard. Nevertheless, in
view of the wide range of acceptable values\of some of the
criteria, gnd in view also of the diffi¢ulties in estimating
deformat{ons, it is believed that both the designer and the
controllig authority would welcome some guidance
towards |uniformity in specifieation and in the required
degree of compliance, particularly as the economics of
modern puilding designs\are increasingly controlled by
deformatjon and maintenance during use with the
designer’q overall 4€sponsibility being precisely defined.
Some proposals<aré therefore made in regard to the
methods | that ‘national standards should lay down for
controllirlgithe assessment of deformations.

It does not refer to the deformations of

masts, underground works, non-residential
or special-purpose buildings such-as atomi

bridges, roads,
farm buildings,
power stations

or industrial plant. Some of the_general prifciples on which

this International Standard is ‘based may n
as a guide when the deformations of such
are being considered.

2.2 Adjacent buildings

bvertheless serve
other structures

Whilst it is"undesirable that the deformatigns of a building
should .damage adjacent buildings, or incgnvenience their

occupants or other members of the publ
arecynormally the subject of legislation
appropriate to this International Standar

c, such matters
and are not
d. Nevertheless,

attention may here be drawn to the fact that the provision
of movement joints between adjacent byildings and the
avoidance of interference with neighbourfjng foundations

are normal good building practice.

3 CAUSES OF DEFORMATIONS

Deformations are caused by major ground
differential settlement of foundations, b
and occupational loads, by pre-stressing
movements of building materials due to c
in  temperature, moisture content
composition.

4 DEFORMATIONS — EFFECTS AND R

movements, by
environmental
forces and by
reep and change
and chemical

EMEDIES

Besides possibly affecting the strength gr stability of a

structure, deformations may affect servicea
damage to adjacent parts of the building,

bility by causing
by disturbing or

1 SCOPE

This International Standard establishes the basic principles
that should be adopted when setting up national standards,
regulations and recommendations for the deformation
of buildings at the limit states of serviceability.

2 FIELD OF APPLICATION

2.1 Types of building considered

This International Standard refers to the deformations at
the serviceability limit states of buildings such as dwellings,
offices, public buildings, and factories.

harming—personnel—er—by—preventing—proper use of the
building.

In many such cases the designer may be able to avoid
troublesome effects either by removing the original cause,
or by taking suitable precautions in the processes of design
and construction to permit some or all of the deformation
to occur freely, before or after completion of the building,
masking the remainder by suitable constructional or
decorative treatment. This course of action has the
advantage that it avoids the problem of precisely
estimating the magnitudes of causes and their effects. It can
be adopted when the deformations, and the constructional
measures taken, do not conflict with other requirements
of the design. Some troubles that may be dealt with in this
way are listed in annex A.
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Camber can be used to reduce the final value of deflections.
The normal use of camber is to reduce the contribution to

deformations th

at is caused by self-weight and other

permanent or long-term temporary action.

In other cases the designer may have no option but to
provide sufficient stiffness to limit the deformations and

thus reduce the

ir effects to acceptable levels; this will

invevitably increase the first cost of a structure. Indeed he

may choose to

do so, or to combine both approaches.

In connection with d) it will be noted that the sharp limit
to acceptability that is exceeded at the ultimate limit state
does not, in general, exist with serviceability limit states
and there is usually a wide range of acceptable levels of
deformation, depending on the properties of contiguous
materials, the reactions of individual persons, and the
possibilities and economics of repair. In this connection
it is to be noted that in the case of widespread natural
actions such as wind, snow and earthquake, whose
characteristic values are based on temporal rather than

Where such limits are to be set, the following clauses apply. spatial-probabilitiesthe acceptablelevel of troubles due to

5 KINDS OF LI

Limitations may

MITATION REQUIRED

heed to be applied to vertical or horizontal

deflections or ddviations, to inclinations, to curvatures, to

the widths of cra

NOTE — The limit
basically a matter
these requirements
of deflection, or o

most easily obseryable parameter.

ks, or to the effects of vibrations.

htion of beam or slab deformations may be
of deflection, rotation, or curvature. However,
lare specified throughout this document in terms
deflection in relation to span, since this is the
For simply supported spans

under uniformly dfstributed loading the slope at the ends may be

taken as equal to t
and the radius of

ree times the ratio of medial deflection to span,
curvature at the middle as equal to the span

divided by ten tirhes the deflection/span ration. National codes
may specify limitatjons in terms of equivalent rotation or curvature

if so desired.

6 LEVELS OF MAGNITUDE OF DISTURBING

ACTIONS

When specifying
levels of magni

limitations it is necessary to consider the
tude at which the actions( that cause

deformations shguld be assumed to occur. A khowledge of

these is essential

if designers and controlling authorities are

to find a common basis for assessing and controlling

deformations.

Some of the factqrs that enter into-this consideration are :

a) the exteny to which information is available about

the actions o

properties involved, and the degree of

accuracy of dny éstimates of the effects likely to be

produced;

deformation depends on the number of\ buildings
simultaneously at risk and on the acceptability [of some
results of a natural calamity.

With these matters in mind, it is{tecommended that
national codes should base their Trequirements| on the
following :

1) the actions to be takeq7into account when specifying
or checking deformatiens should be those having a
duration that is appropriate to the responsgq of the
building or member, affected;

2) for permanent actions, for long-term tegmporary
actions, and)for short-term temporary actions pffecting
many buildings in the course of a single year the levels
of magnitude of these actions should [be the
characteristic values;

3) a lower value than the characteristic jmay be
specified when two or more of the above actigns occur
simultaneously, or when a short-term action is rjot likely
to affect many buildings in the course of a singlg year.

7 DEFORMATIONS AFFECTING STRENGTH AND
STABILITY — A REMINDER

Deformations affecting the strength and stabilfty of a
building, or of its parts, are taken into account in the
process of structural design for the ultimate limit §tate and
are not, in general, a matter for this International §tandard.
Nevertheless, designers may like to be reminded off certain
cases involving static or dynamic instability where the
conditions existing during normal use of the building may
have considerable effect on the ultimate limit state

7.1 Eccentric loading of walls and columns

b) the possible response of the building or member, in

view of the du

ration of the action in question;

c) the probability of the simultaneous occurrence of

several
deformation;

actions

contributing to a given kind of

d) the consequent levels of dissatisfaction.

In connection wi

th c¢) it will be noted that both spatial and

chronological variations of disturbing actions are involved
and also that, given the necessary data, an estimate of the

combined probability might be made.

In the absence of

sufficient data it becomes necessary to adopt other means

of expressing the

reduced magnitudes of several actions that

should be assumed to be present simultaneously.

2

Eccentric loadings of walls and columns may occur as a
result of excessive constructional deviations, through
inclination of these members or through deflections of
floors or roof members. In both cases the effects may be
progressive and lead to collapse.

7.1.1 Eccentric loading due to inclinations

Inclination of vertical members may be due to
constructional deviations or to the effects of wind load, or
of permanent and imposed and snow loads acting
eccentrically or causing differential settlement. The
presence of properly designed stiffening elements such as
shear walls, central service cores, enclosed liftwells or
stairwells will usually improve stability.
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7.1.2 Eccentric loading due to rotation of floors or roof
members

Change of slope of floors or of roof members at junctions
with supporting walls or columns, taking place after
construction, may produce loading of the latter that is both
eccentric and inclined. Such changes of slope may be due to
the effects of permanent and imposed and snow loads on
the floors or roof members, the permanent load causing
creep deflection and the imposed and snow loads causing
elastic and possibly creep deflection.

ISO 4356-1977 (E)

Differential settlement and wind forces may also cause such
cracking and spalling. Thermal and moisture movements in
finishes are also involved. More severe limitation may be
necessary if deep edge stiffening beams are incorporated
into the wall.

8.1.2 Cracking and spalling of ceilings

Curvature of the floor or roof may cause cracking in
decoration on the underside of concrete slabs. Curvature
subsequent to plastering may cause cracking of the plaster

It is difficult for the designer to assess the problem if he is
not awarg of the probable deformation of the floor or roof
member,|as may be the case if the latter is not designed by
him.

(The dTigner will also wish to take into account
differentfal settlement under all dead (self-weight) and
imposed |oads.)

7.2 Respnance

Near-coirjcidence of forcing and natural vibrations may
produce [resonance of any building element. The degree of
resonancg may be reduced by appropriate adjustment of
either of the two frequencies, or by the provision of
vibration| insulation or. adequate damping. The problem
arises mlainly where the disturbing force is of large
magnitude, i.e. with auditoria, dance halls, sports stands,
and in buildings having long-span suspended floors with“a
natural frequency of about 1 to 5Hz, or containing
machineq with large unbalanced forces.

8 DEFQRMATIONS AFFECTING SERVICEABILITY

Deformaltions, although possibly not affecting the strength
or stabillty of a building, may cause damage to members
(load-bedring or otherwise) and~to finishes and claddings.
They mgy produce unpleasant psychological effects, even
to the pxtent of causing)alarm. Finally, they may be
physically such as to“effectively prevent the use of the
building |for its intended purpose or to impair the health
of persohnel. Somévdeformations may produce more than
one kind of effeet:

m—the ative curvature.
The actions involved are the permanent load of the floor or
roofs causing creep deflection and(the imposed load and

snow load causing deflection and possibly creep deflection.
Repeated thermal and moisture(movemerjts in the plaster
may be also be involved. Gooed’extensibility of the plaster
and good distribution Vof concentrdted loads are
ameliorating factors aslis)also the fact that cracks may be
covered by redeceration. The permisgible degree of
cracking is largely-subjective but depends pn the use of the
building.

8.1.3 Cracking and spalling of brittle part{tions and non-
loadbearing walls

Apart from cracking, spalling and locall bulging due to
thérmal and moisture movements of| the partitions
themselves, or of the supporting structure, damage to
brittle partitions may arise as a resulf of differential
settlement of foundations, deflections of floors or roofs, or
lateral movements of the building.

Estimation of this damage depends on a determination of

the total tensile or compressive effects

and compressive properties of the partiti

arising from all

s, the effects on

causes, together with information about éle limiting tensile

the number and width of cracks of
movement, and the degree of cracking tha
for the given type of surface finish and th
building. Such a procedure is not

ny restraints to
can be tolerated
e given use of the
yet sufficiently

developed and it is meanwhile recommended that the
deformation arising from various causes be dealt with
separately. The suggested limiting valugs may permit a
certain amount of cracking. Where [this cannot be
accepted a more severe limitation, of more tolerant
partitions, may be called for.

8.1 Deformations causing damage to adjacent parts of the
building

8.1.1 Cracking and spalling of walls at points of support of
floors and roofs

Change of slope of floors and roofs at junctions with
supporting walls and lifting of the insufficiently restrained
corners of torsionally stiff floor slabs may cause horizontal
cracking (particularly undesirable where floors are carried
through to the face of the external wall) and also spalling of
internal or external finishes. The actions involved are
permanent load causing creep deflection and the imposed
floor load and snow load causing elastic deflection and
creep deflection.

8-1-3-1Differentialsettlement-offoundations subsequent
to the erection of partitions may produce diagonal cracking
across the body of the latter. The actions involved are the
dead (self-weight) load, including that of the partitions, and
all long-term temporary actions capable of influencing
settlement.

8.1.3.2 Deflections of floors or roofs may damage
partitions in a number of ways. In all cases the effects
involved are those occurring after the erection of partitions,
i.e. the dead (self-weight) load of the floor or roof, and in
some cases that of the partitions, together with any pre-
stress, causing creep deflections; the imposed floor or roof
load (including snow load and any dead loads such as
screeds and floor finishes applied after erection of

3
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partitions) causing elastic deflection and creep deflection;
also curvature and other movements of the floor due to
possible unrestrained moisture movements. In general, the
greater the rigidity of the floor transverse to the span the
worse the effects of its deformations. Three main types of
behaviour are known :

a) With the first, a partition parallel to the span
deforms in its own plane to follow the deformations of
the floor below it, possibly producing vertical cracks in
the bending tension zone, diagonal shear cracks, or a gap

This is most likely to happen when the ratio of the
length to height of the partition is less than
1,5 approximately. The type of damage is the same as
in the immediately preceding case.

When openings occur in partitions a combination of some
of the above phenomena is likely to occur or there may be
simple rotation of the portions of the partition. Diagonal
cracks radiating from the corners of these openings may
also be produced. Some horizontal or inclined re-
inforcement at such places is therefore advisable where it is

above the paftition. This type of behaviour is most
likely to occuf where the partition is of relatively long
span (length/hleight greater than 3,5 approximately for
non-cantilevergd spans); or is not longitudinally
restrained by fhe structure or by contiguous partitions
or contains mgny openings; or is of low rigidity. In this
case, besides the weight of the partition concerned, one
of the actionsfinvolved is part of the weight of partitions
on the floor of floors above, if this can be transmitted to
the partition i} question.

In the case of g cantilevered span there is greater possible
cracking in th¢ upper part of the partition and possible
damage to fapcias due to non-uniform deflection of
supporting cantilevers.

b) With the |second type of behaviour, a partition
parallel (or in|some cases transverse) to the span tends
to support its¢lf by arching horizontally or diagonally.
This is most l|kely to occur where the partition has a
high compressive strength and limit of deformability;
where the ratip of length to height lies in the range 1,5
to 3,5 appfoximately; where the partition™ jis
longitudinally | restrained by the structure or by
contiguous walls or partitions; and where there‘are few
openings or continuous vertical sliding joints to interfere
with the arching.

If, in such a case, the floor below the partition deflects
more than the|partition (possibly,due“to the absence of
a partition, a stiffening beam, of other support beneath)
a horizontal cjack may be fermeéd along the base of the
partition, or d horizontal ‘or-arc-shaped crack may be
formed in the|lower pertion of the partition, together
with diagonal |cracks.across the upper corners due to
extension of the <inder surface of the floor above. (If
such horizonfal~"cracks are likely to occur, their

Mot Possibie To break the continuity of the partitipn above

or below the opening.

8.1.3.3 Lateral deflection of a building’as a result|of wind
forces may cause diagonal cracking across a partitjon. The
action involved is the wind_gust having a duration of
sufficient length to produce«thie’ necessary deflection. Low-
cycle fatigue damage may _Occur. Strong shear wallg, central
core zones or enclosed “staircases have an ameliorating
effect.

8.1.4 Damage to roof coverings, cladding and glazing

Deflections of roofs may cause damage to felt ¢r metal
roof;eoverings, to roof sheeting, or to roof glazing|or tiling
and."may produce ponding of rainwater. The| actions
involved are permanent load producing creep deffections,
any imposed loads, and snow loading and wind |gusts of
appropriate duration producing elastic deflections.

The cladding fixing should be designed so that sfructural
loads are not transferred to cladding panels when the
structural frame deforms.

The limitations of deflection may need to Qe more
restrictive for roofs covered with sheet materfals that
become brittle with age.

8.2 Deformations affecting appearance

8.2.1 Visible sag of floors and ceilings

Visible deviations of floors and ceilings from the|straight

formation may be Timited to the floor Tevel where they
can subsequently be masked by providing a chase or a
separating layer; the crack can then be masked by a
skirting board fixed to the floor.)

If, on the other hand, the floor or roof above the
partition deflects more than the partition and there is no
compressible packing at the head of the partition, the
latter tends to be crushed and there may be vertical
cracks in the lower portion and diagonal cracks across
the upper corners.

c) With the third type of behaviour, the partition is
loaded by the upper floor and carries these loads by
strut-action to the ends of the span of the lower floor.

line or plane (unless obviously intentional) cause subjective
feelings that are unpleasant and possibly alarming. The
actions involved are the permanent load and the imposed
loads, producing deflections and possibly creep deflections
and also constructional deviations and thermal and
moisture movements and, in the case of cantilevers,
differential settlement. The provision of a camber or of a
false ceiling can improve matters.

Subjective appraisal depends on the type of roof or floor
(whether flat soffit, beam and slab, trough, or ribbed
construction), the area of it that is visible, its height and
its relationship to other elements of the construction
(particularly elements that are horizontal or in a horizontal
plane) and the lighting conditions.
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8.2.2 Visible leaning of walls and columns

Visible deviation of vertical members from the vertical
(unless obviously intentional) is also a source of subjective
unrest. The actions involved are the dead (self-weight)
loads and imposed loads causing differential settlement,
but constructional deviations and the overturning effects of
eccentric and inclined loads on walls and columns may be
contributing factors. Persons vary in their appraisal of lean
but are often guided by neighbouring vertical elements.

8.3.1 Cqrvature of floors

Curvaturg¢ of floors and the inclinations that it produces
may caufe stumbling or slipping of persons, movement of
trolleys, [tilt or rocking of furniture and equipment and
spread pf spilt liquids. Curvature may be due to
constructional deviations, to elastic deflections and creep
deflectiohs (possibly upward) under permanent load alone
or unde permanent load and imposed floor loads or to
thermal pr moisture movements. The provisions of screeds,
or a camper, may be appropriate.

8.3.2 Nén-horizontality of floor supports

Unintentjonal lack of horizontality of floor supports causes
many of|the effects referred to in 8.3.1. It may be due to
constructional deviations or to differential settlement under
dead (self-weight) loads and imposed floor loads (rotation
of the pdint of support in the case of cantilevers).

8.3.3 Okcillations generated within the building or by
wind forges

Apart frbm man-made external sources\oef vibration, such
as nearby industrial activities and transport facilities, whose
effects afe not a matter for this International Standard, the
main sodrces of oscillations incbuildings are foot traffic and
machinefy, within the building, together with wind gusts.
(Earthquake is dealt with” in 8.4.2.) The acceptable
magnitudes of such{/escillations, which may cause
unpleasaht sensations; ~including alarm, or prevent the
carryingjon of _‘required activities, depend on human
sensitivitly, on the activity to be pursued, on the degree of
damping| présent, on the duration of the impulses and the
interval etween them.

I1SO 4356-1977 (E)

personnel, or the use of machinery or precision apparatus.

Some such requirements are :

8.3.4.1 DEFLECTIONS OF OVERHEAD
RUNWAY GIRDERS

Traversing cranes produce

a) vertical or horizontal deflections

CRANE

of the runway

girders (and of supporting brackets in some cases) due to
their own weight and that of the load carried, and

8.3 Def Wﬁ—hﬂﬁﬁﬁd—hﬁfﬁ-ﬂﬁd—mmecﬁons of the

supporting columns due to the fofce
and braking. (It is assumed herein\th
constructional  deviations

of acceleration
ht the effects of
subsequent

and” apy
movements of supports have béen ne%ted by levelling

and lining-up the crane rails-’/Any upwa

to pre-stress may be taken into account.)

In the case of vertiCal deflections of th
there may be ac¢problem of clearance
problems, however, are the overloading
propulsion du€ to the slope of the runw
under loadyand the maintenance of steady
point of support.

In the*case of horizontal deflections of {
necessary to limit the transverse deflectid

d deflection due

b runway girders
5. The principal
of the means of
ay girders when
motion over the

he columns it is
n to prevent the

crane gantry itself rotating excessively apout the vertical

(slewing) or becoming dislodged, and al
transverse and longitudinal deflections to
deformations of the supporting columns |
to cladding and fixings (or to instability, sd

8.3.4.2 OTHER SPECIAL REQUIREMEJITS

These requirements should be agreed in
and construction in consultation with tH
suppliers of any equipment involved.
Examples of problems that may arise are :

— vibrations of weighing and measurin

— damage to impermeable memb
isolation of, or protection from liquids

0 to limit both
prevent excessive
pading to damage
e 8.1).

dvance of design
e client and the
See clause 11.)

) apparatus;

ranes used for
hnd gases;

— twist of floors carrying machines operating on sheet

materials;

— inclinations affecting co-linearity

of apparatus or

lavale of Larpide:
1eV-E-O+HGEHASS

Recommendations for limitation of oscillations of
frequency > 1 Hz are given by I1SO/TC 108 in a draft
Application Guide [ISO/TC 108/SC 4/WG2 (Split-1) 20}
based on I1SO 2631. This committee is also studying the
limitation of oscillations of lower frequency appropriate
to horizontal oscillations of buildings.

8.3.4 Deformations affecting special requirements in use

The foregoing sub-clause 8.3 refers to deformations
affecting the use of the generality of buildings within the
scope of this International Standard. However, in certain
types of building there may be special requirements in
connection with, for example, particular activities of

— interference with fine manual movements.

8.4 Deformations requiring general overall control

8.4.1 Cracking

Cracks in building elements may damage coverings, permit
corrosion of reinforcing elements, or allow penetration of
liquids, gases, or radiation (thus, for example, reducing
thermal or air-borne sound insulation, or admitting rain,
dust, or light). They may also constitute disfigurement or
cause alarm. (They are unlikely to cause structural collapse
unless extremely wide and extensive, but they are early
evidence of excessive action.)
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In many cases cracks may be avoided, or located in one or
more convenient places, or hidden, by appropriate initial
design and construction measures. In other cases the
requirements of standards for other types of deformation
may prevent the formation of cracks.

However, bearing in mind that these two measures may be
only partially successful in controlling cracking and that in
any event cracks may occur in circumstances other than
those provided for in standards, it is necessary to impose a
general overall limitation on the widths of cracks.

by model or prototype testing; alternatively, he may
control them by the adoption of limiting span/depth ratios
or other measures. Whatever the method used it should be
such that it gives an acceptable probability of satisfying
this International Standard and national standards should
specify accordingly the details of methods to be used. A
probability of not exceeding limits of 97 % is suggested as
a desirable minimum.

When deformations are determined by calculation the
latter should be based on the characteristic values of actions

In laying down |
regard to the H
cracks are though
likely to open fu
or capable of
penetration of i
attitude of perso
the building.

In the case of
permissible width
standards for the

mitations, national standards should have
uilding materials involved, whether the
Lcracks or surface cracks, whether they are
rther, or close, whether they are repairable
being covered by decoration, whether
quids etc., is a factor, and the probable
hs affected, in view of the intended use of

possible corrosion of reinforcement the
of cracks should be laid down in design
respective materials. Where corrosion of

reinforcement is mot in question it is suggested :

— that throy
positions whe
pressure, or

surfaces of rod

— that cracky

gh-cracks should not be permitted at
e the transfer of water (by gravity, wind
capillarity for example) to the inside
ms could occur;

should individually not exceed an average

width of 0,2 ;m if it is intended that they should be

coverable by r

— that, if i
cracks nor suf
average width

b-decoration;

kely to be premanent, neither through*
face cracks should individually exceed-an
of 2 mm, or such lower figures_.assmay be

required in palticular circumstances (for example in the

presence of a g

The widths of
dislocations may
reinforcement.

8.4.2 Deformati

Apart from the

insufficient clearange,

oscillations duri

orrosive or humid atmosphére):

cracks and any resulting out-of-plane
be controlled by pre-stressed, or other,

bns from earthquake

hammering of adjacent buildings due to
referred to in annex A, the
hg_-earthquake may cause considerable

damage. Methods

{oads,—maoisture _movements,—thermal movements) and of
properties of members (elastic properties, “¢crgep and
thermal coefficients of materials, and dimensians] making
due allowance as provided for in c) of clause 6|for any
appropriate combinations of particular parameters.

The calculations should take intopaccount constifuctional
deviations, thermal effects, moisture movements, [cracking
of reinforced materials, and.creep of materia1s under
permanent, and long-term temporary, loads. In addjition the
assistance received from )various sources (for [example
partial fixity at ends‘of beams and slabs, partial|support
from partitions), which cannot be sufficiently relijed upon
when assessings strength properties, may be taken into
account.

In calculating any required camber, it is suggested|that the
magnitude of the action involved be the mean valud.

Thé/deformation limitation to be met is the most $evere of
thee values given in the national standard for any plarticular
criterion.

10 RESPONSIBILITY OF DESIGNER

Where legislation does not do so, a national standard may
specify the extent to which the structural designer |s bound
by that standard and the extent to which he if free to
satisfy himself that deformations are not excessivg, having
regard to the circumstances of any particular dase and
bearing in mind the inability of a standard to deal| with all
such circumstances.

of predictingand-assessing-the-damageare

still the subject of disagreement between experts and of
further research. It is therefore not possible at present to
make any recommendation regarding limitation of
deformation during earthquakes.

9 METHODS OF ASSESSING PROBABLE
DEFORMATIONS

The method used to assess or control the probable
deformation is a matter for the structural designer. For
example, he may determine deformations by calculation or

11 EXCEPTIONS

Where a numerical limiting value is given in a national
standard for any criterion recommended in this
International Standard, it shall be permissible for that
numerical value to be varied only with the concerted
agreement of the controlling authority, the client, the
architect, the structural designer and the constructor. Such
a variation may be particularly appropriate for temporary
buildings, for monumental buildings, for buildings having
to satisfy special requirements, and for buildings of unusual
type or constructed of unusual materials.
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ANNEX A

SOME TROUBLES THAT MAY BE AVOIDED BY SUITABLE MEASURES

A.1 Damage by mining subsidence or by movements of moisture-reactive soils (where movements are usually so great that
special constructional measures are required).

A.2 Relative movement between contiguous buildings, or at the point of entry or exit of services, due to differential
settlement.

A.3 Nidping of walls, partitions and services on a ground-bearing floor slab due to differential settlement.
A.4 Hafmering of inadequately spaced buildings during earthquake.
A.5 Ponding on roofs.

A.6 Vilrations of cladding, and noises due to oscillations produced by wind.

A.7 Nidping of windows and doors and jamming or demounting of sliding doofs:

A.8 The¢rmal expansion, particularly of roofs and exposed columns, and differential thermal expansion of different building
materiald or of thin exposed members such as cladding.

A.9 Diffferential shrinkage of different building materials or ofxdifferent qualities of the same material, possibly at different
stages in[their moisture movement.

A.10 L¢ng term expansion of clay products, particularly in parapets, fascia and floor coverings.
A.11 Chemical deterioration e.g. formation of sulpho-aluminates, or of rust or other corrosion products.
A.12 Upward creep deflection of unrestrained pre-stressed roof members.

A.13 Some types of damage to partitions.
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ANNEX B

TERMINOLOGY

B.1 serviceability limit state : A state in which a building ceases to fulfill one of its functions, other than by reaching the
ultimate limit state.

B.2 ultimate limjit state : A state in which a building ceases to fulfill its functions because the resistance of the matdrials has
been exceed, or bpcause of buckling or overall instability (ISO/TC 98/SC1/WG1 — 2/25).

B.3 characteristiE value : A value of a parameter (either an action, or a property of a member or a material) tHat has a
specified probabillity of not being transcended unfavourably.

B.4 action : Any cause leading to internal forces in, or deformation of, the elements of a structure, or the strucfure as a
whole.

B.5 permanent action : Action the value of which is practically constant during the whole existence of the gtructure
(ISO/DIS 2945).

B.6 temporary action : Action that occurs only at certain times during the construction or existence of the structurg, or the
value of which cafinot be considered as practically constant (1ISO/DIS 2945).

B.7 long-term temporary action : Action that occurs either for relatively long periods of time or for short period§ of time
that are repeated fuite frequently over a long period (ISO/DIS 2945)

B.8 short-term temporary action : Action that affects the structure infrequently and for relatively short periods| of time
(1SO/DIS 2945).

B.9 differential pettlement : Relative displacement of different parts of foundations under the action of loads appligd by the
building.

B.10 ground mojement : Disturbance of foundations by influences not dependent on the loads applied by the build

=]

g.

B.11 span : The|effective span of hotizontal or inclined members assuming conditions of simple support. For cantjlevers —
the overhang. Foil two-way spanning‘stabs — the shorter span.

B.12 storey height : The vertical distance between the points of support of horizontal supporting members at syccessive
floor levels.

B.13 deflection | Movement of a defined point in a defined direction under bending.

B.14 medial deflection (figure 1) : Deflection of the middle of a member relative and normal to the line joining its ends.

B.15 terminal deflection (figure 2) : Deflection of the end of a member relative and normal to the line through the other
end parallel to its undeflected position.

B.16 deviation : Distance of a defined point from a defined datum.
B.17 medial deviation (figure 1) : Deviation of the middle of a member from the straight line, or plane, joining its ends.

B.18 terminal deviation (figure 2) : Deviation of the end of a member from the straight line or plane, horizontal or vertical
as the case may be, through the opposite end.

NOTE — Unless otherwise stated the deformations referred to are those actually present in the completed building at the time of applicability
of the criteria. Limitation of deformations of the partially completed building may be desirable in order to facilitate subsequent construction
but is not considered in this International Standard, being a matter of constructional deviations.
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Central axis
a

Undeflected

/
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/

Defiected
Q

)

a and b are medial deviations before and after deflection
a + b is medial deflection

FIGURE 1 — Medial deflection

Verticals

/ End of member

¢ and d are terminal deviations
before and after deflection of
a vertical member

e is terminal deflection

End of member

End of member

Undeflected Deflected

FIGURE 2 — Terminal deflection
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