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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 (SO technical committees. Every
member body interested in a subject for which a technical committee has been set
up has the right to be represented on that committee. International organizations,
governmental and non-govefnmental, in liaison with 18O, also take part in the work.

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

International Standard 1SO 4356 was developed by Technical Committee
ISO/TC 98, Bases for design of structures, and was circulated to the member bodies
in July 1976.

It has been approved 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
Czechoslovakia New Zealand Turkey

France Norway United Kingdom
Germany Poland

Hungary Portugal

The member bodies of the following countries expressed disapproval of the
document on technical grounds :

Australia
Belgium

Denmark
USS.R.
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INTERNATIONAL STANDARD

1SO 4356-1977 (E)

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

0 INTRODUCTION

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

The underlying aim of the document is to assist the
designer to identify those aspects of deformation that
affect the suitability of a building for the purposes for
which it was intended, and to set up certain criteria by
which the performance of the buiiding in this respect can
be assessed. In addition, numerical values for some of these
criteria are suggested in order to give some guidance where
this might be desired. National standards may adopt
different numerical 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 ensure that the
building complies 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, and in view also of the difficulties in estimating
deformations, it is believed that both the designer and the
controlling authority would welcome some guidance
towards uniformity in specification and in the required
degree of compliance, particularly as the economics of
modern building designs are increasingly controlled by
deformation and maintenance during use with the
designer’s overall responsibility being precisely defined.
Some proposals are therefore made in regard to the
methods that national standards should lay down for
controlling the assessment of deformations.

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.

It does not refer to the deformations of bridges, roads,
masts, underground works, non-residential farm buildings,
or special-purpose buildings such-as atomic power stations
or industrial plant. Some of the general principles on which
this International Standard is based may nevertheless serve
as a guide when the deformations of such other structures
are being considered.

2.2 Adjacent buildings

Whilst it is undesirable that the deformations of a building
should damage adjacent buildings, or inconvenience their
occupants or other members of the public, such matters
are normally the subject -of legislation and are not
appropriate’ to this International Standard. Nevertheless,
attention may here be drawn to the fact that the provision
of movement joints between adjacent buildings and the
avoidance of interference with neighbouring foundations
are normal good building practice.

3 CAUSES OF DEFORMATIONS

Deformations are caused. by major 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 and change
in - temperature,  moijsture content and chemical
composition.

4 DEFORMATIONS — EFFECTS AND REMEDIES

Besides possibly affecting the :strength or stability of a
structure, deformations may affect serviceability by causing
damage to adjacent parts of the building, by disturbing or
harming personnel, or 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' mp) BEieslyMit &is

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 that is caused by self-weight and other
permanent ot 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 their 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.
Where such limits are to be set, the following clauses apply.

5 KINDS OF LIMITATION REQUIRED

Limitations may need to be applied to vertical or horizontal
deflections or deviations, to inclinations, to curvatures, to
the widths of cracks, or to the effects of vibrations.

NOTE - The limitation of beam or slab deformations may be
basically a matter of deflection, rotation, or curvature. However,
these requirements are specified throughout this document in terms
of deflection, or of deflection in relation to span, since this is the
most easily observable parameter. For simply supported spans
under uniformly distributed loading the slope at the ends may be
taken as equal to three times the ratio of medial deflection to span,
and the radius of curvature at the middle as equal to the span
divided by ten times the deflection/span ration. National codes
may specify limitations in terms of equivalent rotation or curvature
if so desired.

6 LEVELS OF MAGNITUDE OF DISTURBING
ACTIONS

When specifying ‘limitations it is necessary to consider the
levels of magnitude at which the actions that cause
deformations should be assumed to occur. A knowledge of
these is essential if designers and controlling authorities are
to find a common basis for assessing and controlling
deformations.

Some of the factors that enter into this consideration are :

a} the extent to which information is available about
the -actions or properties involved, and the degree of
accuracy of any estimates of the effects likely to be
produced;

b) the possible response of the building or member, in
view of the duration of the action in question;

¢) the probability of the simultaneous occurrence of
several actions contributing to a given kind of
deformation;

d) the consequent levels of dissatisfaction.

In connection with ¢) 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.

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
spatial probabilities, the acceptable level of troubles due to
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 recommended that
national codes should base their requirements on the
following :

1} the actions to be taken into account when specifying
or checking deformations should be those having a
duration that is appropriate to the response of the
building or member affected; ’

2) for permanent actions, for long-term temporary
actions, and for short-term temporary actions affecting
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 may be
specified when two or more of the above actions occur
simultaneously, or when a short-term action is not likely
to affect many buildings in the course of a single year.

7 DEFORMATIONS AFFECTING STRENGTH AND
STABILITY — A REMINDER

Deformations affecting the strength and stability of a
building, or of its parts, are taken into account in the
process of structural design for the ultimate limit state and
are not, in general, a matter for this International Standard.
Nevertheless, designers may like to be reminded of 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

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 sores, m nt§
stairwells will usually improve stubiiity
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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.

1t is difficult for the designer to assess the problem if he is
not aware of the probable deformation of the floor or roof
member, as may be the case if the latter is not designed by
him.

(The designer will afso wish to take into account
differential settlement under all dead (self-weight) and
imposed loads.)

7.2 Resonance

Near-coincidence of forcing and natural vibrations may
produce resonance of any building element. The degree of
resonance 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 mainly 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 5 Hz, or containing
machines with large unbalanced forces.

8 DEFORMATIONS AFFECTING SERVICEABILITY

Deformations, although possibly not affecting the strength
or stability of a building, may cause damage to members
(load-bearing or otherwise) and to finishes and claddings.
They may produce unpleasant psychological effects, even
to the extent 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 personnel. Some deformations may produce more than
one kind of effect.

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.

I1SO 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
in the span and spalling in regions of negative 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 movements in the plaster
may be also be involved. Good extensibility of the plaster
and good distribution of concentrated loads are
ameliorating factors as is also the fact that cracks may be
covered by redecoration. The permissible degree of
cracking is largely subjective but depends on the use of the
building.

8.1.3 Cracking and spalling of brittle partitions and non-
loadbearing walls

Apart from cracking, spalling and local bulging due to
thermal and moisture. movements of the partitions
themselves, . or of the suppeorting structure, damage to
brittle partitions may arise .as a result 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 arising from all
causes, together with information about the limiting tensile
and compressive properties of the partitions, the effects on
the number and width of cracks of any restraints to
movement, and the degree of cracking that can be tolerated
for the given type of surface finish and the given use of the
building. Such a procedure is not vyet  sufficiently
developed and it is meanwhile recommended that the
deformation arising from various causes be dealt with
separately. The suggested limiting values may permit a
certain amount of cracking. Where this. cannot be
accepted a more severe limitation, or more tolerant
partitions, may be called for.

8.1.3.1 Differential settlement of foundations 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
settiement.

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,
j.e. the dead {self-weight) {oad 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 {POCGWME@NLSH as

screeds and floor finithos applied after _erection, of
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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
above the partition. This type of behaviour is most
likely to occur where the partition is of relatively long
span (length/height greater than 3,5 approximately for
non-cantilevered spans); or is not longitudinally
restrained by the structure or by contiguous partitions
or contains many openings; or is of low rigidity. In this
‘case, besides the weight of the partition concerned, one
of the actions involved is part of the weight of partitions
on the floor or floors above, if this can be transmitted to
the partition in question.

In the case of a cantilevered span there is greater possible
cracking in the upper part of the partition and possible
damage to fascias 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 itself by arching horizontally or diagonally.
This is most likely to occur where the partition has a
high compressive strength and limit of deformability;
where the ratio of length to height lies in the range 1,6
to 3,6 approximately; where the partition s
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, or other support beneath)
a horizontal crack may be formed along the base of the
partition, or a horizontal or ar¢-shaped crack may be

~ formed in the lower portion of the partition, together
with diagonal cracks across the upper corners due to
extension of the under surface of the floor above. (If
such horizontal cracks are likely to occur, their
formation may be limited to the floor level 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.

¢} 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.

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
not possible to break the continuity of the partition 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 partition. The
action involved is the wind gust having a duration of
sufficient length to produce the necessary deflection. Low-
cycle fatigue damage may occur. Strong shear walls, 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 or metal
roof coverings, to roof sheeting, or to roof glazing or tiling
and may produce ponding of rainwater. The actions
involved are permanent load producing creep deflections,
any imposed loads, and snow loading and wind gusts of
appropriate duration producing elastic deflections.

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

The limitations of deflection may need to be more
restrictive for roofs covered with sheet materials 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
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 construgtion
{(particularly elements that ars Fnrizclj i &ﬁal
plane) and the lighting conciticns.
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