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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 precedures—tsed—to—develop-thisdocumentand-those—intendedforits—furtheratatenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria‘needed for the
diffefent types of ISO documents should be noted. This document was drafted in accordance with the
editdrial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent right§. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

The ¢ommittee responsible for this document is ISO/TC 98,:Bases for design of structures, Subcommittee
SC 3,|Loads, forces and other actions

© IS0 2013 - All rights reserved v
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Introduction

This International Standard presents basic principles for the evaluation of seismic actions on
architectural, mechanical and electrical components and systems (i.e. nonstructural components) in
building applications. The seismic actions described are fundamentally compatible with ISO 2394.[1]

This International Standard is intended to be a companion document to ISO 3010, Basis for design of
structures — Seismic actions on structures. It includes not only principles of seismic design but also
procedures for the verification of component and system capacity to ensure that those capacities exceed
seismic demands. Full verification of components and systems adequacy generally includes other actions
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Bases for design of structures — Loads, forces and other
actions — Seismic actions on nonstructural components
for building applications

1 Scope
1.1 | General
This[nternational Standard establishes the meansto derive seismicactions on nonstructural
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1.2
This

ystems (NSCS) supported by or attached to new or existing buildings. It alséyprovides
he verification of NSCS seismic capacities. NSCS include architectural elements, med
rical systems, and building contents.

International Standard is not a legally binding and enforceable codeé. It is a source do
lized in the development of codes of practice by the competentiauthority responsibl
tural design regulations. This International Standard is intéended for application by 1
nal standards committees when preparing standards for.the seismic performance of |

[nternational Standard does not specifically cover industrial facilities, including nuclear p
these are dealt with separately in other International Standards. However, the pring
national Standard can be appropriate for the derjvation of seismic actions for NSCS in sy

1  This International Standard has been prepatred mainly for NSCS associated with engineet
rinciples are, however, applicable to non-engineered buildings.

2 Procedures for the verification of the supporting building structure for gravity and se
bd by the NSCS are outside the scope efithis International Standard and are provided in ISO 30

Relationship with ISO 3010

International Standard is-a companion document to ISO 3010, Basis for design of s

Seismic actions on structures.1SO 3010 and its annexes provide basic seismic design criteri
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e design of structures’but they do not provide design criteria for NSCS (except for th
ence the structural'response). For consistency, the terms and definitions that are in cq
010 are alsoaised in this International Standard.

ame ground motion criteria specified in ISO 3010 are also used in this International St
ind on<NSCS is directly related to the response of the building in which they are locateq
rocedures used to determine the design ground motion and building seismic response

refer

components
procedures
hanical and

cument that
e for issuing
egional and
NSCS.

ower plants,
iples in this
ch facilities.

ed buildings.

ismic actions
10.

fructures —
A to be used
pse that can
mmon with

andard. The
|. Therefore,
are directly

efieed by this International Standard.

1.3

Components requiring evaluation

Evaluation of NSCS for seismic actions is required where any of the following apply:

a)
b)
‘)
d)
e)

© ISO

the NSCS poses a falling hazard;
the failure of the NSCS can impede the evacuation of the building;

the NSCS contains hazardous materials;

damage to the NSCS represents a significant financial loss.

2013 - All rights reserved

the NSCS is necessary to the continuing function of essential facilities after the event; and
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Guidance for identification of NSCS that require seismic evaluation is provided in Annex A.

NOTE Pre-assembled modular mechanical and electrical units (e.g. heating and cooling modules) may be
treated as an assembly of components supported by the modular unit housing structure (see 9.5).

1.4 Components excluded

The requirements of this International Standard are not intended for application to furnishings, or
temporary or relocatable components (see Annex A).

With the exception of parapets (as described in Annex A), application of this International Standard to

U ULD|C U U T VWa CU.

2 Normative references

The followipg documents, in whole or in part, are normatively referenced in this dogument angl are
indispensabjlle for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendmeénts) applies.

[SO 3010:2001, Basis for design of structures — Seismic actions on structures

3 Terms and definitions

For the purposes of this document, the terms and definitions givenyin ISO 3010 and the following apply.

31

ductility
ability to deform beyond the elastic limit under cyclic lo@ding without significant reduction in strgngth
or energy absorption capacity

3.2
interstorey drift
lateral displacement within a storey

3.3
moderate garthquake ground mdation
moderate gfound motion caused(by earthquakes which can be expected to occur during the servige life
of the building

34
overstrength
increase in §trength®fja structural element above that designed or specified

Note 1 to entrly: Fernonstructural components, overstrength is used to provide an additional margin in the desfign of
anchorage and bracing to prevent premature failure of these elements. Overstrength factors are based on judgment.

3.5

restoring force

force exerted on the deformed component which tends to move the component to the original position
following earthquake motions

3.6
seismic hazard zone factor
factor to express the relative seismic hazard of the region

3.7
serviceability limit state
limit state beyond which the serviceability criteria of NSCS are no longer satisfied

2 © IS0 2013 - All rights reserved
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structural factor
factor to reduce seismic design forces, taking into account ductility, acceptable deformation, restoring
force characteristics and overstrength (overcapacity) of the structure

39

ultimate limit state
limit state beyond which NSCS collapse, overturning, release of hazardous contents, or, in the case of
critical facilities, loss of function is expected to occur

Note 1 to entry: See Clause 5 a) for NSCS performance criteria for ultimate limit states.

nents

orade

g toits

he NSCS

4 $ymbols and abbreviated terms

Api acceleration at level i obtained from a dynamic analysis (see Annex G)

Aj ordinate of the normalized floor response spectrum at level i

Aflexiple parameter defining the normalized floor response spectruntfor flexible compo

Arigid parameter defining the normalized floor response spectfum for rigid components

fo, f1lf2, f3 frequencies defining floor response spectrum (see-Annex G)

Fppi design lateral seismic force of the NSCS attached at level i of the building structjire for ULS

(Fppls)  (SLS)

Fgpi elastic lateral seismic force of the NSCSattached at level i of the building structiyire for ULS

(Fepl)  (SLS)

Fep weight of the NSCS

H average roof elevation of thestructure relative to grade elevation

i level in the building structure of the point of attachment of the NSCS relative to
elevation

kp,p nonstructural’coemponent response modification factor, to be specified accordiy
ductility and-oVerstrength

kp i floor response amplification factor for attachment location at level i

kiy ground motion intensity factor to be provided by regional and national standar

(kis)

krp cor:1plc‘)nsnt amplification factor considering the effect of the natural periods of {
and-the-butding

kR p,flexible NSCS amplification factor for flexible systems (Kgp,i flexible > 1,0)

kR p,irigia NSCS amplification factor for rigid systems (kg p,i rigid = 1,0)

Ry s inverse of the nonstructural factor ks (see Annex E)

Rpu inverse of the nonstructural factor kj ;, (see Annex E)

Tc component period

T; jth modal period of the building structure

© IS0 2013 - All rights reserved
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B

elevation of level i relative to grade elevation

parameter to account for increase in floor acceleration response over the height of the
building, that can be a function of the type of lateral-load resisting system

ratio of vertical response to horizontal response

VYnEp i

mportance factor related to the required seismic reliability of the NSCS

5 Seismic design objectives and performance criteria

The fundamlental seismic design objectives for NSCS are, in the event of an earthquake:

To

to preve
to ensur
to ensul

to main

nt human casualties associated with falling hazards and blockage of egress paths;
e post-earthquake continuity of life-safety functions within the building (e.g.sprinkler pig
‘e continued post-earthquake operation of essential facilities (e.g. hospitals, fire statio

fain containment of hazardous materials;

to minimize damage to property

achieve f{

performanc

a)

b)

NSCS st
(ultimaf
to demd

1) NS(
of s

he seismic design objectives, this International Standdrd ‘establishes the following
P criteria.

Ibjected to the severe earthquake ground motios that are specified at the building
e limit state: ULS) should be designed, qualified\by testing or qualified by experience
nstrate that:

S will not collapse, detach from the building structure, overturn or experience other f
fructural failure, breakage or excessive'displacement (sliding or swinging) that could ¢

a lifie safety hazard;

2) NS
Sys

3) NS
(e.g
4) NS(Q
pos|

NSCSsu
limit st3

NOTE1 R{

given build s

S will perform as required to maintain continuity of life safety functions (e.g. fire-fig
fems, elevators, and other similar vital life safety systems);

S will remain leak tight\as required to prevent unacceptable release of hazardous matg
vessels, tanks and.piping and gas circulation systems that contain hazardous materig

t-earthquakefunction of essential facilities.

bjected t@ the moderate earthquake ground motions specified atthe buildingsite (servicea
te: SLSY, will perform within accepted limits including limitation of financial loss.

commendations for determining the severe (ULS) and moderate (SLS) design ground motionsg

ing);

hs);

basic

y site
data

prms
ause

hting

rials
1s);

Swill operate asniecessary immediately following the earthquake event to ensure continued

bility

for a

231 1. _yoA anan
e 4dre proviacua irrou 5u1v.

NOTE 2  Itis recognized that complete protection against earthquake damage is not economically feasible for
most types of NSCS.
NOTE 3  Followingan earthquake, earthquake-damaged buildings may need to be evaluated for safe occupation

during a period of time when aftershocks occur. This International Standard, however, does not address actions
on NSCS that can be expected due to aftershocks. In this case a model of the damaged building and components is
required to evaluate seismic actions.

© ISO 2013 - All rights reserved
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6 Sources of seismic demand on NSCS

6.1

General

The following three sources of seismic demand should be considered when evaluating NSCS:

a) i
b)

‘)

nertial acceleration demands;

relative displacement demands between points of attachment;

impact force demands resulting from interactions with other components or structural members.

Thes|
thesg
recol

NOTH
upon
equip
to rel

6.2

All N
demq
and 1
moti
of at
build
on th
syste

e seismic demands are described in more details in 6.2 through 6.4 below. Principles for
 seismic demands are provided in Clause 7 and quantification of these seismic demand
mmended force equations are provided in Clause 8.

NSCS are generally classified as acceleration-sensitive or relative displacément-sensiti
which demand causes the most damage to the component during an earthquake. Anchore
ment is typically considered acceleration-sensitive while building cladding-is typically conside
ative displacements (drift sensitive). For some NSCS, both demands are sighificant.

Inertial demand

inds are most generally described as acceleration motions at the points of attachment
he structure. For points of attachment at the ground-level or foundation level, these

fachment above the ground, the acceleration motions are modified by the dynamic res
ing structural system to the earthquake ground motions. The modifications that have
ese acceleration motions include the fundamental dynamic characteristics of the buildir
m (natural periods, damping, etc.), the relativelocation of the point of attachment within t

and t
eart

acceleration response spectra of the structural element (e.g. floor) to which the NSCS is attaq
most| general case, both horizontaland vertical floor acceleration response spectra are defin

In structural design, inertialdemands are usually expressed in terms of force. The inertial fc
on anp individual componentyis a function of inertial acceleration demand at the points of attd
the dynamic properties-of the components itself including its mass, stiffness, and nonling
propgrties. For desighrpurposes, this is often simplified as the product of a seismic coeffig
component weight,

A primary asSumption of the inertial acceleration demand is that the dynamic response

has

requjred.té determine the demand. See 7.3.

he level and type of nonlinear behavigur that the building structural system experience
quake. Most generally, the acceleration motion demand for NSCS are characterized in t

Hetermining
S in terms of

ve depending
1 mechanical
red sensitive

SCS attached to buildings or their foundations are subjected to inertial demands. These inertial

of the NSCS
acceleration

bns are generally taken for design purposes as thé’earthquake design ground motions. At points

ponse of the
an influence
Ig structural
he structure
s during the
erms of floor
hed. For the
pd.

rce demand
ichment and
ar response
ient and the

of the NSCS

negligible effect on the building response. If the effect is significant more complex imethods are

6.3

Relative displacement demand

Relative displacement demands occur during earthquake motions when the NSCS attachment (or support)
points experience unequal displacements (e.g. see Figure F.1). Sources of relative displacements are:

a)
b)

separated buildings;

)

different floors, including components on vibration isolators;

d)

© ISO

relative displacements of attachment points located on NSCS and the building;
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relative displacements of attachment points that are located at different floor levels of a building;

relative displacements of attachment points that are located on independent, seismically

relative displacements of attachment points that are located on two NSCS attached to the same or
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relative displacements of attachment points that are located on seismically isolated building and its
foundation or between seismically isolated floors.

e)

Relative displacement demands are predominately horizontal in nature although vertical relative
displacement demands are also possible. Inter-storey drifts of a building are transformed into relative
displacement demands by multiplying the earthquake-caused driftratio by the vertical distance between
points of attachment. As with the inertial demand, the relative displacement demands are a function of
the earthquake displacement response of the building structure to which the NSCS is attached and for
some situations, the earthquake displacement response of the NSCS is also important.

Stresses from relatlve dlsplacement demands are typlcally determmed from static analysis where

points of atta
be within ag

Relative dis
adequate to

A primary a
strength, m§
If the effect
are requireg

6.4 Impa

Impact dem
collisions o
insufficient,
clearance o1
the case of
cannot be pi
demands re
damaging irj

See 8.5 for a

7 Gener

7.1 Gene

The determi
buildingto g
it is general
earthquake

ct demand

ceptable llmlts

placement demands may also result in loss of bearing support. Bearing seat width.shou
accommodate relative displacement demands.

ssumption of the above approach for determining relative displacement démand is th4
iss and stiffness of the connecting NSCS will have a negligible effect onthe building resp
s significant, the NSCS should be included in the structural model gritore complex met
| to determine the demand (see 7.2).

ands on NSCS are the result of collisions with the structural system or other NSCS. T
ccur when the clearance between adjoining NSCS, or between NSCS and the buildi
To avoid impact demands of NSCS with other NSCS or structural systems, either adec
seismic restraints should be provided. In sonie instances this impact is unavoidable,
beismic snubbers supporting vibrating equipment. Where adequate clearance or rest

huires higher order analysis and testing.The determination of adequate clearances to
hpact demands also requires special-evaluation.

dditional discussion.

al conditions for determining seismic demand on NSCS

ral

nation of seismi¢ demands imposed on NSCS should consider the response of the suppo
round motionand the interaction of the structure and the NSCS. In this International Stan
y assumed that the response of the NSCS has a negligible effect on the building stru
response. This assumption is valid if certain conditions specified in 7.2 are satisfied.

yould

Id be

t the
bnse.
hods

hese
ng is
juate
as in
raint

ovided, it may be necessary to accept the damage from impact. The determination of imppact

hvoid

rting

Hard,
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7.2 Dete
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1Se

For NSCS which are primarily inertial demand sensitive, it is acceptable to treat the NSCS as a
secondary component

a) if the mass of the NSCS is small relative to the building mass or the mass of that portion of the
building structure to which the component is attached, or
b) if the participation of the NSCS mass in the overall seismic response (even though relatively large

compared to the building mass) is distributed uniformly over the building structure or a larger part
of the building structure (e.g. cladding, piping systems).

If the NSCS is not directly attached to the building structure (e.g. attached to ground floor slab) or is
attached in a manner that prevents it from influencing the overall building seismic response it is always

acceptable t

6

o exclude the NSCS dynamic model from the building dynamic model.

© ISO 2013 - All rights reserved
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For NSCS which are primarily sensitive to relative displacements of the building, it is acceptable to
assume that the NSCS does not influence the building response

a) if the strength and/or stiffness of NSCS which are attached at more than one level of a building are
small relative to the strength and stiffness of the lateral force resisting system of the building, or
b) if the presence of the NSCS does not alter the boundary conditions of the building structure or its

structural components that would have unfavourable effects on the seismic response of the building
or the NSCS itself.

7.3 Determining seismic demands assuming NSCS influences building response

influence of
rall building
0 boundary
D:2001.

For gituations where the NSCS response can influence the building response, the potential
the NSCS on the building seismic response should be considered. NSCS that influence theove
seisthic response whether due to mass, strength or stiffness contribution, orhanhge t

condjfition should be included in the building structural model as required by 6.3'¢f1SO 301

NOTH
asan

In general, the mass of NSCS should be included in the building structurakanalysis, eithe
allowance regardless if the nonstructural response does not influence the(building response.

I explicitly or

8 Quantification of elastic seismic demand on NSCS

8.1 | General

mic relative
in terms of:

Seisn
displ

a)
b)

hic demands on NSCS are typically quantified as desigh seismic forces and or design seij
acements. This section quantifies the determination of elastic baseline seismic demandj
iccelerations;

q

felative displacements between differentfloors of the supporting building;

)
d)

1

Elast
throt
asre

elative displacements between supporting buildings or other items to which NSCS are

interactions with other NSCS.

ic baseline inertial force (demands (see 8.2) may be modified for needed reliability 4
1gh importance factors (Annex B) and overstrength and energy-dissipation characterij
presented by response/modification factors (Annex E). These modifications are addreg

attached;

s expressed
tics of NSCS
sed in 9.2 of

this International Standard.

NOTH
elast
overs
also 1

The term elastic seismic demand implies that demand is determined assuming the NSCS remains
c and that the'response is not modified to account for factors such as required reliability (importance),
trength ot energy-dissipation characteristics of the NSCS. It is not meant to imply that the buildling structure
emainselastic when determining the demand.

8.2

Inertial force demands determined by dynamic analysis

Inertial force demands on NSCS should be quantified as the product of the acceleration demand and the
component mass. It is always acceptable to obtain acceleration demands on NSCS by dynamic analysis
of supporting building(s). The acceleration demands are expressed either in terms of the peak floor
acceleration, peak inertial acceleration of the component, floor response spectra or acceleration time
histories of the floor motion. The type of demand should be consistent with the method of verification
as specified in Clause 9 of this International Standard.

Floor response spectra may be established for a specific case or generically for a wide range of buildings.
Specific floor response spectra are developed from dynamic analysis of supporting buildings, while
generic spectra are typically determined using static coefficient values derived from the simplified
equivalent static force equations (see 8.3.2). For specific floor response spectra, nonlinear response of
the supporting buildings should be considered due to the possibility of modification of seismic demands
on NSCS resulting from the building inelastic response. See further discussion of floor response spectra

© IS0 2013 - All rights reserved 7
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in Annex G, and more details of performing dynamic analysis of supporting buildings in Clause 9 of

[SO 3010:200

1.

Dynamic analysis of both the building and NSCS in a combined single model can be required for certain
cases. Specifically, where there can be significant interaction between more massive components and
the supporting structure, such a procedure is recommended. (See 7.3 and Annex G of this International
Standard.) In this case detailed modelling of the connection to the structure as well as the local
structural members that support the NSCS, should be considered to develop the inertial force demands.
The design of the structure for the combined effects should be evaluated in accordance with 6.3 and 9.5
of ISO 3010:2001.

8.3 Inertjal elastic force demands determined by equivalent static analysis
8.3.1 Gengpral
It is permitfed to determine inertial elastic force demands on NSCS using equivalehtystatic andlysis
force procedures. The equivalent static force elastic demand may be computed directlyfrom a combined
dynamic analysis of the building and NSCS. For those NSCS which may be assumed to not influence the
building response, the equivalent static elastic force demands may be determifred from:
a) floorresponse spectra using the ratio of natural frequencies of NSCS and supporting building; or
b) the elastic equivalent static force in 8.3.2.
See 9.2 for[more information on static coefficients and Annex'G for more information on ffloor
response spectra.
8.3.2 Basijc elastic equivalent static forces
The elastic ¢quivalent static seismic forces for ULS and SLS earthquake levels are given as follows:
a) ULS (Ultimate Limit State);
The elastic sismic force on NSCS attached atthe ith level of the building structure for ULS, Fg,p, .., is given by
Fg pui K10 Kuikrp-Fep
b) SLS (Seyviceability Limit State);
The elastic spismic force on/NS€S attached at the ith level of the building structure for SLS, Fg p s ;, is given by
Fepsiakis kni-Kep Fop
where
FEpui is-the-elastictateral seismieforee-on-the NSES-attachedatthefth-level of the building
(Fgp,si) structure for ULS (SLS);
kiu is the ground motion intensity factor to be provided by regional and national standards;
(ki)
ki is the floor response amplification factor at the attachment at level i (see Annex C);
krp is the component amplification factor considering the effect of the natural periods of the
NSCS and the building (see Annex D);
Fgp is the weight (m-g) on the NSCS.
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8.3.3 Horizontal acceleration

The horizontal equivalent static elastic acceleration demand is the product of the ground motion
intensity factor (kjy, kis), floor response amplification factor (kg i), and the component amplification
factor (kg p). The procedures for determining these factors are given in 8.3.3.1, 8.3.3.2 and 8.3.3.3.

8.3.3.1 Ground motion intensity factor (normalized peak ground acceleration)

The ground motion intensity factor (kj,, ki) is related to the regional seismicity, local site effects, and
the designated earthquake levels. In general, peak ground acceleration values are represented by the
ground motion intensity factor normalized to gravitational acceleration (in units of g). If the peak ground
Veloncllty or other spectral ordinates are given, those values should be transformed into accelleration and
nornpalized to develop the value of the ground motion intensity factor.

The ground motion intensity factor corresponds to that used for the supporting buildihg. In accordance
with|ISO 3010, the ground motion intensity factor (kjy, ki) is given by:

kl,u :kZ 'kE,u
kl,s :kZ 'kE,s
where
Kz is the seismic zoning factor;

Reu  is the seismic ground motion intensity.forBES

Res  isthe seismic ground motion intensity:for SLS

8.3.3.2 Floor response amplificationfactor (height factor)

The floor response amplification factor' (ky ;) represents the dynamic amplification of the specified floor
acceleration response over the height of the building with respect to the ground acceleratign. The floor
resppnse amplification factor is generally determined as a function of the ratio of the height of the point
of attachment of the NSCS to\the average height of the building in which the component is Igcated.

Consjidering effects fronvhigher modes of the supporting building, the floor response amplifi¢ation factor
can be determined uSing a modal analysis of the supporting building. Alternatively, the flgor response
modification facter'may be determined using simplified analysis proceedures as described jn Annex C.

8.3.3.3 Component amplification factor (resonance factor)

The component amplification factor (kgp) represents the dynamic amplification of NSCS response
as a function of the ratio of the natural frequencies of the NSCS and supporting building| Component
amplification factors can be obtained from a floor response spectrum based on the natural frequencies
of the NSCS. The natural frequencies of supporting building can be obtained from a representative model
of the building developed in accordance with ISO 3010. The natural frequencies of NSCS may be obtained
by calculation, pull-and-release tests, impact tests, or shake table tests. The method used should be
appropriate to the type of component being assessed. Nevertheless, considering that the natural
frequencies of the supporting building and the NSCS are usually unavailable in practice, component
amplification factors of NSCS may be tabulated according to the rigid or flexible characteristics of the
NSCS. See Annex D for more information.
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8.3.4 Vertical acceleration

Similar to horizontal acceleration demands, vertical acceleration demands for NSCS should be quantified
using analogous factors for the vertical direction: the ground motion intensity factor, floor response
amplification factor, and component amplification factor.

For the vertical ground motion intensity factor, the normalized vertical peak ground acceleration may be
used. Where this information is not available, it may be taken as 1/2 to 2/3 of the normalized horizontal
peak ground acceleration (see Annex G), except in the near-field of shallow focus earthquakes where
vertical accelerations can be significantly higher. See Clause 8 and Annex E of ISO 3010:2001 for more
information about vertical ground acceleration.

For NSCS de
in the vertid
floor resporj

htion
rtical

Kign, in general, dynamic amplification of floor response with respect to ground accelés
al direction can be limited. Therefore, the component amplification factor kg p fox ve:
se is generally taken as 1,0.

NOTE rtical

ition,

Tlhe out-of-plane response associated with certain types of flexible floors and roofs can-amplify ve

response. In
research ind

attachment

consider the

these cases, consideration of additional response amplification may be warranted. In add
cates that vertical floor accelerations can be amplified in seismically isolated buildings. Finall
esign of vertical acceleration-sensitive equipment, such as vibration-isolated equipment, s
bossibility of additional resonant vertical seismic demands that exceed the'vertical ground mo

1

8.4 Seismic relative displacement demands

8.4.1 Gen

The NSCSre
the seismic1

eral

ative displacement demands should be quantified for displacement-sensitive componer
elative displacement expected between pointsiof attachment of the component for both

y, the
nould
fion.

Its as
) ULS

and SLS earthquake levels. For NSCS connected between floors, such as glazing, the relative displacement
demands arfe the relative displacements between floors of the same building. For NSCS which [span
across seisnpic separation joints, the relative displacement demand is the displacement (considering all
applicable degrees of freedom) between the NSGStattachment points on each structure. For NSCS which
span horizoptally between flexible equipment on the same floor or different floors, such as piping, the
seismic demjand is the relative displacement between points of attachment to the equipment. Relative
displacement demands are typically deterimined by elastic equivalent staticanalysis and are the demjands
expected for ULS and SLS ground motion levels unmodified by inelastic reduction factors.
NOTE T

caused by otm
provided in A

nents
Is are

e effect of seismic reldtiyé displacements should be considered in combination with displacer
er loads as appropriate. Specific details on determining relative displacement seismic demangd
nnex F.

8.4.2 Conpection points within a single building

ative
displacement_demands should be determined from the seismic drift ratio between the uppei and
lower attachment points of the NSCS obtained from the design structural analysis. Alternatively, if
the structural analysis is unavailable, the seismic relative displacement demands are conservatively
determined from the allowable storey drift as specified by regional and national standards for the ULS.
Where the allowable storey drifts in regional and national standards are specified only for the SLS, they
may still be used to establish displacement demands provided the NSCS displacement capacities have
been appropriately adjusted for SLS demand levels.

For two CO{nection points at different levels in the same supporting building, the seismic rel

For connection points that cross an isolation plane within a building the relative displacement demand
should be determined from the design analysis of the building and isolation system at the ULS.

8.4.3 Connection points between two buildings

ForNSCSwhichspanbetweenseismically separatedbuildingstructures, the seismicrelative displacement
should be expressed in terms of displacement that must be accommodated both longitudinally and
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transversally. It should be typically assumed that the structures do not move in-phase. The relative
displacement demand between structures should be determined as the square root of the sum of
the squares of the horizontal displacement of each structure at the floor level under consideration
by structural analysis. Alternatively, if the structural analysis is unavailable for both buildings, the
seismic relative displacement demands for two connection points between the two buildings should be

determined from the allowable storey drift following the same approach as noted in 8.4.2.

NOTE

absol

Conservatively, the relative displacement demand between structures may be taken as t
ute value of the displacements of each structure at the floor level under consideration.

8.4.4 Connection points between flexible equipment

he sum of the

For 1
be b
betw
equij

NOTH
obse]

8.5

The
strug
cred
resu

impacted component/structure.

Whe
Requ

earthquakes (experience data) and judgment:In cases where restraint is provided, connec

be pi

Whe
cons

NSCS which span between flexible equipment, the relative seismic displacement;den
ised on rational seismic analysis. It is acceptable to determine the relative displacem
een equipment items as the sum of the absolute values of the horizontal displacem
bment item at the connection point under consideration.

Displacement demands for flexible equipment in buildings are generallyndetermined o
vations from past earthquakes (experience data) and judgment.

Impact demand

potential for impact between components that are in contact with or in close proxin
tural elements or NSCS should be considered if it is judged to be both credible and s
ble impact is one that is likely to occur during a seismic event. A significant impact is
t in unacceptable damage to an NSCS or in inadequate performance of a critical NS

Fe feasible, impact demand on NSCS should bé&’avoided by providing adequate clearance
ired clearances to avoid impact are generally determined on the basis of observatior

ovided with adequate flexibility to acCommodate differential displacements.

Fe impact cannot be avoided,.impact force demands are determined by energy m
deration of mass, impact velggity, and inelastic behaviour of the impacting component

hand should
ent demand
ents of each

the basis on

ity to other
gnificant. A
ne that will
CS, or of the

or restraint.
1s from past
tions should

bthods with
S.

9 Verification of NSCS

9.1 | Performanee acceptance criteria

The behaviour. of*NSCS should be evaluated and verified against performance objectives §pecified for

the LS and SLS in as required by this clause. The following four methods of verification arg permitted:

a) vyerification by design analysis;

b) verification by seismic qualification testing;

c) verification by consensus procedures that determine acceptable seismic capacity on the basis of
documented experience from past earthquakes (experience data);

d) acombination of a), b) and c).

Verification provides evidence that the performance objectives specified in Clause 5 are achieved by
demonstrating that the capacity exceeds the demand. Depending on the importance of the facility
(i.e. essential, non-essential) and the importance of the NSCS for achievement of post-earthquake
performance expectations, demands are adjusted and enhanced levels of verification can be required.

To differentiate the demand and capacities that are required for NSCS, each NSCSis assigned a component
category as described in Annex B. Adjustments to the ULS and SLS demands and specific capacity
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acceptance criteria (e.g. design requirements) which are to be satisfied for each component category are
also provided in Annex B.

Verification by design analysis is typically used to evaluate the NSCS, bracing and anchorage for
adequate structural capacity. Verification by testing or through the use of experience data are used to
demonstrate that either acceleration or relative displacement capacity is greater than the acceleration
or relative displacement demand. Experience data consists of substantiated evidence showing that
similar NSCS have been subjected to equal or stronger seismic demands and have acceptably maintained
their function following the earthquake. Specifics of these verification procedures are described in 9.2,

9.3 and 9.4.

NOTE Vi

the mechanid

9.2 Verifi

To provide ¥
of the NSCS
as determin
is compared
provided in
for recomm

To determin
lateral forcd
modified as

a) ULS (Ul

The design
determined

Fp

DU

b) SLS (Set

The design
determined

Fp

DS, ]

where

F, D,p,u,i
(F D,p,s,i)

3 7n,E,p 'kD,p 'FE,p,u,i

M 4 1 H 1 1 1 H H H L£L3 3 s < i ratloot P | i
HITICAUIUIT TALIUSIVUELY Uy dlldly olo 15 THIoUITITITIIT LU UTIHIVIISTI AT LIIdl ToOoTIItIAl dULIVE CUIIIPUIIT

al and electrical systems will maintain function following an earthquake.

cation by design analysis

erification of the adequacy of a NSCS by design analysis, a structural analysis is perfo
including its anchorage and bracing using the design lateral forces for the ULS anc
ed below in this clause. Each member and connection force resulting from the anaz
with the design capacity of the NSCS individual member, connéction brace or anchg

endations for performing design analysis evaluations.

e the design lateral force demand to be applied to NSCS<n the design analysis, the el
demand determined in Clause 8, whether determined-from static or dynamic analy}
follows:

fimate Limit State);

ateral seismic force of NSCS attached at level i of the building structure for ULS, Fp,,
by

viceability Limit State);

ateral seismic force of NSCS attached at level i of the building structure for SLS, Fp
by

7n,E,p 'FE,p,s,i

is the,design lateral seismic force of the NSCS attached at level i of the building struct
fer'ULS (SLS);

tsin

'med
| SLS
lysis
rage

Fegional and national standards to verify that the capacity exceeds the demand. See Anex H

astic
is, is

U,ii IS

S,i: iS

jire

F, E,pu,i
(F Ep,s, i)
(Yn,E,p)

lep

12

is the elastic lateral seismic force of the NSCS attached at level i of the building structure

for ULS (SLS);

is the importance factor related to the required seismic reliability of the NSCS (see
Annex B);

is the NSCS response modification factor to be specified according to its ductility and
overstrength (see Annex E).
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Verification by seismic qualification testing

9.3.1 General

Seismic qualification testing to verify NSCS capacities includes shake table testing, quasi-static
displacement testing or quasi-static force testing. Detailed requirements for each testing approach are
provided in 9.3.2 and 9.3.3..

NOTE1 Production quality control testing is distinct from the testing discussed in this section, see Clause 11.
NOTE 2  Boundary conditions in verification testing (e.g. attachment to test fixture) should reflect the expected
instapedcomditiomn:

NOTH 3  Verification testing should be performed by an accredited testing laboratory toe, engure that the
qualification results are unbiased.

9.3.7 Verification by shake table testing

9.3.2.1 General

Verifiication of the capacity of NSCS by shake table testing is accomplished by subjecting the cpmponent to

eithe
spec
attad
in Cl;

NOTH
to be
demq

r computed or simulated elastic demand floor motions thatare compatible with the flg
'ra determined in accordance with Annex G. The testing-s.intended to verify that the
hments and subassemblies satisfactorily meet the ULS.and SLS performance objectives
huse 5.

1  Shake table testing using motions compatableswith floor response spectra permits capa
benerically determined irrespective of site- and building-specific response. Use of site- and bui
nd parameters may also be used to establish talile motions, but this approach is impractical fo

or response
NSCS, their
as specified

rities of NSCS
ding-specific
r most cases.

NOTHE 2  Rationalized test unit configuratiohs permit verification of variable equipment product lines

indegendent of how the equipment is attached-to the shake table.

9.3.4.2 Shake table testing and qualification protocols

The development or selection of\shake table testing and qualification protocols includes aga minimum

(see plso Annex I):

a) description of howCthe protocol meets the intent of the reference standard requirements and
felevant interpretations of the standard;

b) definition of ‘atest input motion with a response spectrum that meets or exceeds the ULS and SLS
gpectrumfof project specific site requirements as established by the reference seismic design standard;

c) Jccounting for dynamic amplification due to above-grade equipment installations. Congideration of
the actual dynamic characteristics of the primary support structure is permitted, but not required;

d) definition of how shake table input demands are derived and how they establish a qualification
requirement which is relevant to the reference design standard;

e) definitionand establishmentofaverifiable pass/failacceptance criterion for the seismic qualification

based upon the equipment importance factor (yn,g,p) as established by the ULS and SLS performance

objectives of the reference design standard.

9.3.2.3 Requirements for testing documentation

Todocumentthatthetested capacity satisfiestherelevantregional or national standard,amanufacturer’s
certificate of conformity (also known as a certificate of compliance) is provided by the supplier of the
NSCS to the design professional with a concise description of how it was tested and how the tested
capacity was determined.
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The certificate should address:

class of

a)
b)

product enveloped by the testing;

relevant to the dynamic requirements of the reference seismic design standard;

c)

regional and national standards for which compliance was evaluated and how the test protocol is

testing standard used and, in those cases where the test criteria are not directly associated with

the seismic design standard, a description of how the dynamic test criteria used for the testing
meets the intent;

d) theacce

tance criteria used to evaluate the shake table testresponse data and establish tested capacity;

e)
f)

perforni

tested s
parame

g) installa

NOTE Ty
and mechani
returning to
seismic demd
confidence tH
(fluid, mecha
other loads) {

lance objective and corresponding importance factor (yn g p);

eismic capacity for which the component is certified, including code and/or standard d
ters used to calculate seismic demand (kjy, kn j, etc.);

Fion restrictions, if any.

pically, shake table testing is performed on acceleration-sensitive NSC€S and active elec
cal equipment which are an integral part of an essential system ané which should be capa
operation after the earthquake. The qualification of mechanical and electrical componen
nds alone is not always sufficient to achieve performance objegctives. Establishing a high deg
at performance goals will be met requires consideration of th® performance of structures, sys
hical, electrical, instrumentation, etc.), and their interactions,(for example interaction of seism
s well as compliance with installation requirements.

9.3.3 Verification by quasi-static cyclic seismic testing

9.3.3.1 G¢g

Quasi-static
demands. T
or relative (
gradually in
pass-fail baj
established

NOTE

determine c

9.3.3.2 Di

To verify th
a relative d

neral

cyclic seismic testing is either baseéd on the imposition of either displacement or
he common procedure for this type-of testing begins with relatively small demands (
lisplacement demands) that are“applied cyclically to the test specimen. The demand
creased until the test specimen is subject to the maximum test demand. Verificati
ed on performance expectations at maximum test demand. Alternatively, NSCS capac
hs the test demand at which performance expectations are still met.

se tests are typicdlly performed at slow test speeds relative to actual seismic demand sp

The
It has been i:ljoserved that for €elative displacement-sensitive NSCS, slow speed displacement tests adeqy

acities assocjdted with earthquake ground motions.

Splacenient testing

b adequacy of the capacity of NSCS by the quasi-static cyclic relative displacement teg
splacement test (often referred as a racking test) is performed that subjects NSCS

bsign

trical
ble of
s for
ree of
tems
cand

force
force
5 are
on is
ity is

eeds.
ately

ting,
to a

maximum seismic relative displacement demand equal to or greater than that determined in 8.4. The
testing verifies that NSCS, their attachments and subassemblies satisfy their ULS and SLS performance
objectives as specified in Clause 5.

NOTE
Generally, NS

9.3.3.3 Fo

CS of this type are tested to maximum allowable drifts permitted for structural systems.

rce testing

NSCS tested in this manner are glazing (e.g. window glass), cladding, stairs and piping systems.

To provide verification of the adequacy of a NSCS by quasi-static cyclic force testing, a cyclic force test is
performed that subjects the component to at least the maximum force demand determined by analysis
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as determined in 8.2 or 8.3. The testing verifies that NSCS, their attachments and subassemblies
satisfactorily meet their ULS and SLS performance objectives as specified in Clause 5.

NOTE NSCS tested in this manner are post-installed anchor bolts.

9.4 Verification by documented performance in past earthquakes (experience data)

To provide verification of the adequacy of a NSCS by experience data, a documented procedure is
followed. The performance of NSCS is documented along with the estimated earthquake motions
associated with that performance. From this procedure, the seismic capacity should be is estimated
with some margin for uncertainty. The capacity is provided in terms of a bounding response spectra

and |
and 1
instg
confi
dem{
analy
attad
in Cl

he installation conditions are the specific conditions regarding details of the compo
llation under which the bounding spectrais considered valid. The verification procedur
rmation that the component satisfies all of the relevant installation conditions,and th3
ind response spectra is less than the bounding spectra. To verify the seismic load p4
sis as specified in 8.2 or 8.3 is performed. The experience data procedureverifies tha
hments and subassemblies satisfactorily meettheir ULS and SLS performance objectives
huse 5. See Annex | for more specific recommendations regarding experience data prod

9.5

Verif]
9.3a

In th
tabld
systd
and 1
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The
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the 4

The

wire
be c(
systd

NOTH
mour
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fe case of NSCS consisting of a large housing contdining multiple subassemblies, large

Verification by a combination of procedures

ication of large NSCS can be accomplished using a combination of the procedures pro
nd 9.4.

testing may not be feasible. For such cases, a permissible approach is to analyse th|
m of the NSCS, to obtain localized demands atthe supportlocations of the vulnerable su
o verify the capacity of the components to\withstand the localized demands by either
g or experience data.

subassemblies along with their interconnecting process piping and electrical wirew
rsed for seismic demands listed in)Clause 8. The subassemblies, housing and its seismj
|d be evaluated by the most appropriate methods (see Annex K). The installation and af
ctive components should also*be evaluated to ensure adequate seismic capacity.

cumulative performance-assessment of the subassemblies, their anchorages, associat
ways or process piping, skid structural system (or housing) and their seismic anchd
mbined for an aggregate assessment of the performance objectives of the overall pr
m to the ULS and"SLS objectives specified in Clause 5.

Some portions of a facility system may be supplied in a pre-assembled modular housing d
ted assembly of components. Examples would be a small scale water purification system, alter
r sourceor a cooling tower. For those pre-assembled units where ULS functionality following a
d besxdemonstrated and the complete assembly is too large or heavy to qualify by shake tabl

acceq]

b

presumed 1nstallation conditions. The bounding spectra 1s upper limit capacity of thg component

ent and its
e consists of
1t the elastic
th, a design
 NSCS, their
asspecified
edures.

vided in 9.2,

scale shake
structural
assemblies
shake table

rays may be
c anchorage
tachment of

ed conduits,
rage should
p-assembled

ron as a skid
hative on-site
h earthquake
e testing it is

table for these systems to be divided into their vulnerable subassemblies, which may then b{

b qualified by

a combination of verification by testing, design or experience. Pre-assembled modular mechanical units may be
considered as building structures supporting NSCS. The entire system (all modules assembled) can be assessed
(e.g. by testing on a shake table) or the individual components may be assessed separately, whereby an analysis of
the modular housing structure is required to assess overall stability.

10 Verification of seismic load path between NSCS and building structural system

A continuous load path of sufficient strength and stiffness between NSCS and the supporting building
structure should be provided. Guidance for design of anchorage of NSCS to concrete is provided in
Annex K. Local elements of the structure including connections are designed and constructed for the

© IS0 2013 - All rights reserved 15


https://standardsiso.com/api/?name=07a85e7ef6a583b7ffbc80dc10c749e7

ISO 13033:2013(E)

NSCS demands where they control the design of the elements or their connections. The NSCS demands
are those determined in 9.2.

NOTE Items of particular concern with regard to continuous load path are housekeeping pads for equipment,
shallow topping slabs, concrete on metal deck floors, and attachments to light wood or metal partition framing.
11 Quality assurance and enforcement

Acceptable seismic performance of NSCS includes implementation of a detailed quality assurance (QA)

program and enforcement of proper design and installation by government regulatory bodies. The QA
and enforcement programs include assignment of responsibilities for:

a) seismic|design of NSCS and review of qualification procedures and documentation used to-Verify
that sei$mic capacity meets site seismic demands;

b) coordinfation of NSCS anchorage and bracing installation;

c) field ingpection to verify that NSCS and their anchorage and bracing are installed in accordance
with th¢ contract documents and the applicable standards.

See Annex lf for more details on these programs.

NOTE Historically, the earthquake resistance of NSCS is not given the€ same attention, both in terms of
design and cgnstruction, as that accorded to the seismic detailing of building Structural systems. The succgssful
implementatfon of NSCS anchorage and bracing provisions is therefore largely dependent on appropriate
inspection anjd enforcement provisions. See Annex L.
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Annex A
(informative)

Identification of NSCS requiring seismic evaluation

General

This
prov

A.l.

Susp

Annex provides guidance for identifying NSCS that require seismic evaluation. Guid
ded for specifically excluding certain NSCS.

| Falling hazards

ended or attached NSCS that could detach either in full or in part from the structuy

eartlhquake are referred to as falling hazards and can represent a serjious threat to prop

safet
thein
of gl

y. Critical attributes that influence the hazards posed by these.components include ]
attachment to the structure, their failure or breakage characteristics (e.g. as with c
1ss), and their location relative to occupied areas (e.g. overah entry or exit, a public Y

atriym, or a lower adjacent structure). Architectural components that pose potential fall

incl

e parapets, cornices, canopies, marquees, glass, large ‘ornamental elements (e.g. d

and building cladding. In addition, suspended mechanical’\and electrical components (e.g.
plenyms, piping, and ductwork) can represent seriousfalling hazards. Examples of comy

gene

NOTH

A.1.]
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be ey
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exit
stair
light
and ¢
to th

A.1.]

rally do not pose a significant falling hazard include awnings and canopies made of fah
Equipment should be evaluated ifitis permafiently attached to utility services (electricity, g4

A

Egress blockage

bonents whose collapse during afiearthquake could result in blockage of the means of e
raluated. The term “means of egress” is used commonly in building codes, e.g. with re
rd exiting. Consideration of ggress may include intervening aisles, doors, doorways, gatg
ior exit balconies, ramps;.stairways, pressurized enclosures, horizontal exits, exit p
rourts, and yards. Items 'whose failure could jeopardize the means of egress include W
5 and corridors, veneers, cornices, canopies, heavy partition systems, ceilings, architec
fixtures, and otherornaments above building exits or near fire escapes. Architectural,
tlectrical componénts that, if separated from the structure, will fall in areas that are n
e public (e.gifto a mechanical shaft or light well) pose little risk to egress routes.

B Release of hazardous materials

Comj

ponents whose failure can lead to the uncontrolled release of contents can pose af

ance is also

e during an
erty and life
heir weight,
brtain types
wvalkway, an
ing hazards
handeliers),
hir handling
onents that
ric.

s,and water).

bress should
spect to fire
s, corridors,
hssageways,
ralls around
tural soffits,
mechanical,
bt accessible

| immediate

life s
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tured tanks,

ruptured pressure vessels or storage bins and shattered laboratory equipment (e.g. reagent bottles).
Where hazardous materials have been identified, the performance objectives for the containing structures
(pipes, pumps, vessels, etc.) may be characterized broadly as “leak tightness”. It is generally not necessary
that the systems associated with the hazardous materials remain functional following an earthquake.

A.1.4 Disruption of operability of essential facilities

The term “essential facilities” is intended to encompass all buildings and associated structures that are
necessary to post-disaster response. Included are most medical care facilities (hospitals, clinics, etc.) as
well as fire, police and disaster response control stations.

Those components and systems whose failure can disrupt the post-earthquake performance of essential

facilities should be evaluated. It may be acceptable for the function of certain NSCS to be temporarily
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interrupted during an earthquake (e.g. for the length of time required for emergency power to come on line)
where the interruption of function does not disrupt critical data flows or cause other consequential damage.

NOTE

Experience with earthquake damage in population centers indicates that grocery stores and

supermarkets can constitute essential facilities for post-earthquake response, at least with respect to the orderly
sale and distribution of food to the population. This may include provision for the protection of contents on racks
as well as continuity of electrical power, e.g. for refrigeration.

A.1.5 Excessive financial loss

While not associated with the general goal of life safety, prevention of disproportionate financial loss

can be Critica] to pnci— narﬂf\qna]zn rnr‘nvnry

Component;
include faily
storage sys
flooding of ¥
case of criti

A.2 Iden

This Internd
furnishings,
ground moti

NOTE1 St
not fall into t

Permanent

(e.g. monthyg).

NOTE2 Cd
nature may 1
significant ti

A.3 Example of rules for identifying NSCS requiring seismic evaluation

A.3.1 NS(
The followiry
a)
b)

architeq

storage

whose failure can lead to disproportionate financial loss should be evaluated -Exan
re of components housing or supporting irreplaceable museum artefacts, damage to
fems crucial to stability of the monetary system, and sprinkler pipe failures leadij
raluable commercial facilities. Costs associated with extended loss of function, e.g. as i
fal exports, should also be included in the assessment of financial loss.

Lification of NSCS not requiring seismic evaluation

tional Standard applies only to permanently attached components. It is not applicah
or temporary or relocatable components. Non-massive farnishings can slide during st
on but generally pose minimal hazards provided they dofiotobstruct emergency egressrd

prage cabinets, tall bookshelves, and other items of significant mass (e.g. large conference tabl
his category and should be evaluated.

omponents do not typically include items that remain in place only for short periods of]
mponents equipped with wheels or mpunted on skids that otherwise appear to be temporg

equire evaluation under this Internatienal Standard if they are intended to remain in place
ne period.

S included

g NSCS are included in the scope of these requirements unless specifically excluded in 4

cabjnets, tall bookshelves, and items of significant mass;

S+

]

c) parapef]

hples
data
ng to
n the

le to
rong
utes.

es) do

time

ry in
for a

\.3.2:

tural items¢permanently attached to the building, as well as their supports and attachmients;

d)
support

e)
f)
A.3.2 NSC

s and attachments;

fire suppression equipment and sprinkler systems;

egress stairs, elevators, and escalators.

S excluded

The following NSCS are excluded from the scope of these requirements:

mechanical, plumbing, heating, ventilating and electrical/communication systems and their

a) unless specifically noted in A.3.1, contents of buildings including furnishings, temporary items, and
mobile units.
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b) architectural components of normal importance in buildings subject to low seismic demand;
c) mechanicaland electrical components of normal importance in buildings subjecttolow seismic demand;

d) mechanical and electrical components of normal importance in buildings subject to high seismic
demand provided that the component is positively attached to the structure and

1) the component weighs less than 0,1 kN, or

2) the componentis partof a distributed system (e.g. piping, conduit, bus duct, ventilation system)
having a weight of 0,075 kN/m or less; or

3J the component weighs less than 1,5 KN and has a centre of mass located I m or,leps above the
adjacent floor level.
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Principles for choosing importance factors for NSCS

B.1 General

Each NSCS lllas its own function in a building. The required degree of reliability of the NSCSrafter an
earthquake|depends on its importance to the continuous operation of the building in which-the NCS is
located, as well as on the hazard to life safety that failure of the component may pose.

In determinjng the seismic demand on the NSCS its importance level should be chosenproperly.

As a simplifjcation, the degree of seismic reliability and performance are presumed to be proportjional
to the design capacity of the structure and the NSCS.

NOTE Inl some circumstances, reliability may be increased by improving the ductility of the comppnent
or attachments.
B.2 Example for establishment of importance factors y, g

Importanceffactors are introduced into several calculation methods for designing building structuref and
are determihed based on judgement. An example for how.te approach the establishment of importance
factors is giyen below in Table B.1 as a function of NSCS categories which are provided below in Tabl¢ B.2:

Table B.1 — Example for.table of importance factors

Importance factors, yn, g p, by NSCS categor
Importance of building structure P YnEp: DY oY
A B C D E
Low (barns, sheds) not applica- | not applica- | not apglica-
0,8 1,0
ble ble blg
Normal (offige, residential) 10 1,0 15 15 not abpli lica-
Important (schools, auditoritums) 1,0 15 15 2.0 not a[ﬁle: lica-
Highly important (essential facilities) 1,0 1,5 2,0 2,5 3,0
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Table B.2 — Example of table of NSCS category definitions

NSCS category |Definition Examples
NSCS not listed below partitions, glazing over unoc-

A cupied spaces, low storage

cabinets
components that pose a hazard |suspended mechanical equip-

B to individuals ment, piping containing non-
hazardous substances

C building systems necessary for |fire sprinklers, egress stairs

life caﬂnfy

components that pose a hazard |vessels and piping containing
to crowds or whose failure toxic, explosive or otherwise
would cause disproportionate |hazardous substances (e.g.

D financial loss biological hazards), suspended
ceiling over an auditobium,
stadium scoreboard; significant
art works

components necessary for con- |electrical, mechanical, plumb-
B tinued operability of essential |ing and yentilation systems,
facilities uninterruptable power sup-
pli€s,)émergency generators
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Principles for choosing the floor response amplification factor

(height factor)

C.1 Gene€

The floor re
relates the 1
the base of {

a) the naty
b) the typd
c) the relq
structu
d) the inh
depend
NOTE

acceleration

C.2 Dete

The floor re
elastic build
tends to ind
distribution

C.3 Dete

A trapezoid
simplified st

The maximum accelerations of the floor and ground are best characterized as the average spg

ral

sponse amplification factor of the building structure at attachment location at'level i
haximum floor acceleration over the height of the building to the zero-periodiaccelerati
he building. This factor is primarily a function of:

iral periods of vibration of the building structure;
e of building lateral-load resisting system;

tive location of the point of attachment of the NSCS to thésaverage roof elevation o
e with respect to grade elevation; and

erent damping and degree of inelastic behaviour, of~the building structure which
bnt on the severity of the ground motion.

bver a range of periods such as 0,1 to 0,6 s adjusted*with an amplification factor, e.g. 2,5.

rmination using dynamic analysis

Eponse amplification factor maybe determined by performing a modal analysis of the |
ing structure. For linear elastic low-rise buildings, the floor response amplification f

of floor acceleration regppnse factors over the height of the building structure.

rmination usiig simplified static analysis

1] distributien-of floor accelerations within the supporting building may be assumed Y

£r

atic analysiSprocedures are implemented. This trapezoidal distribution is of the form}:

(kn,i)
on at

f the

| are

pctral

near
hctor

rease with height. Linear-elastic mid-rise and high-rise buildings exhibit a more uniform

when

€.1)

vl

H

a parameter that is a function of the type of lateral-load resisting system (« < 2,5)

elevation (0 <i/H < 1,0)

where
a is
i
Zj is
H is
22

the elevation of level i relative to grade elevation

the average roof elevation of the structure relative to grade elevation.

is the level in the building structure of the point of attachment of the NSCS relative to grade
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&
o0

e
o

Relativie Height, (i/H)
(=
N

o
(N}
)

*

0 0.5 1 1.5 2 2.5 3 3p
Floor Response AmplificationFactor, k;

Higure C.1 — Example of trapezoidal variation of floor response amplification factor with
building height (Formula €.1 with a = 2,0)

NOTE 1 Inelastic behaviour of the building structure tends to limit the magnitude of the flpor response
amplffication factor. In some cases, e.g. when the inelastic behaviour of a building structure is lim{ted to one or
just alfew adjacent stories, the floor response amplification factor can increase with respect to the value obtained
for a Jinear elastic building structure.

NOTHE2  Additional refinements of the.trapezoidal representation have been proposed for differing structural
systemsand buildingheights. Additional researchis necessary to provide more representative simplifie{d expressions
for flpor response amplification factors that explicitly account for the primary issues identified in this[Annex.
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Principles for choosing the component amplification factor

(resonance factor)

D.1 General
The componentamplification factor (kg p) relates the NSCS acceleration response to the floor.at¢elerption
at the points of attachment of the component. It is applicable to cases where the NSGS has not pbeen
explicitly infegrated into the building model. This factor is primarily a function of:
a) the component period (T¢) relative to the significant natural periods of the building structure
b) the NSCS damping ratio;
c) the gengral configuration of the NSCS;
d) the method of attachment of the NSCS to the building structure; and
e) the inhprent damping and degree of inelastic behaviour of the building structure which are

dependent on the severity of the ground motion.
Maximum cpmponent amplification factors are generally> obtained when the component period|is in
the vicinity |of one of the modal periods of the building'structure, i.e. T¢/Tj > 1,0. (where Tj repregents
the jth modal period of the building structure). If the component is rigid (stiff) and rigidly attachpd to
the support|ng building, the component amplification factor is taken as 1,0 since the NSCS resporjse is
assumed to pe unaffected by the building response.
For the purpose of determining the amplification factor where the building natural period is knoywn, a
reasonable assumption for the boundary-between rigid and flexible components is as follows:

T

—L1>5 | stiff

Tc

T

—L1 <5 | flexibile

Cc

Where the Quildingnatural period is unknown, it may be assumed that stiff components are thosefwith
a natural fr¢quén€y, including supports, greater than 10 Hz.
Component amptification factors for ftexibte compomnentsamd /or compomnents with fiexibte attaciriment

are given in Table D.1. The value of 2,5 in the table accounts for the possibility of resonant response
but assumes some inelastic behaviour of the building structure. If elastic behaviour is assumed, the
amplification factor corresponding to resonance can be significantly greater than 2,5 depending on the

level of dam

24
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Table D.1 — Examples of component amplification factors (kg ) for 5 %-damped NSCS

Typology see Flat (plate) element Linear element
Figure D.1
Method of All face fixed | Fixed along Fixed along Fixed along Both ends One end fixed
attachmentto | (either front | upper and one edge only | length of com- fixed
building struc- | side or back | lower edges, ponent
ture side) right and left
edges, or all
edges
Stiff NSCS 1,0 1,0 1,5 1,0 1,0 1,5
Others 1,0 1,5 2,5 or more 1,0 1,5 2,5 or more
['ype 1 2 3 4 5
o O | I N
1 point
Cdnnection O 1poin I | E
typ¢ between | N
structural and O O | :&
nor|structural . ) .
- 1line multiple points
two lines,
four lines plane
Z zzzzzzz '
slab Q structure
Z
structure NSCS
Actual
connection
NSCS
V7| 7770077 - Z
/Y surrounding
pPR® slab structure NSCS
Example of suspended ceiling. ) Curtain wall partition wall window wall tile
norfstructural ~\
suspended lighting door cement mportar
elements | L
fixture finishing
Dbminant ihertial force storey drift storey drift deformation of straif aqd/or
extgrnal force surrounding wall deformation of
(two direction) inertial force inertial force 9 structural wall

Effect of inertial force of structure

. Effect of strain and/or deformation of structure

Figure D.1 — Typology of the connection between structural members and NSCS
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nciples for determining response modification factors

E.1 General

Seismic forde demands for NSCS may be reduced by a NSCS response modification factor (kpy)-
damping, dyctility, overstrength characteristics, and NSCS connection details influence NSES.resp
modification factor values. For example, piping components made of high ductility materidls su
steel or copper can accommodate relative displacements inelastically. However, pipingwith thread
compression coupling connections exhibit moderate ductility under inelastic displacentents and s}

be assigned

NOTE N
functionality]
they do notr
connection sy
lackredunda
such as bolts
as steel plate
while the les
factor value {

E.2 Development of response modification factors

Considering
toughness, 3
NSCS respo
factor value

for supporting buildings, structuralfactor (kp), is expressed as the product of kp , and kp s, wher¢

is related to
overstrengt
experience.
capacity and

a larger NSCS response modification factor value.

bCS response modification factor values may be adjusted due to the.detailing, constructi
of NSCS. For example, cladding elements, which are often very stiffin-plane, should be isolated s
bstrain and are not loaded by drift of the supporting building due £o thermal movements. Ther
Fstems are generally detailed to be statically determinate. Since‘the resulting support systems
hcy, exacerbating the consequences of a single connection failurg, fasteners of the connecting syj
or anchors, should be designed for amplified forces. On the‘other hand, connecting members
5 or angles, should be ductile. The intent is to restrict inelastic behaviour to the connecting mer

ductile fasteners remain essentially elastic. To achieve‘this intent, the NSCS response modifig
hould be adjusted to make fastener design forces larger than connecting members.

that most NSCS lack the desirable attributes of supporting buildings (such as duc
nd redundancy) that permit the use of greatly reduced lateral design forces, values fq
nse modification factor, kpp, are generally smaller than structure response modific
s for supporting buildings,d:e. structural factor, kp, in ISO 3010. The analogous parar

ductility, acceptable,deformation and restoring force characteristics, and kp s is relat
h. NSCS response modification factors may be determined utilizing collective wisdon|
[n general, the benchmark values given in Table E.1 may be used to address both deform
| reserve strergth:

Table E.1 — Inverse of NSCS response modification factors

NSCS
onse
th as
ed or
jould

bn or
b that
bfore,
often
stem,
such
nbers
ation

[ility,
r the
Ation
heter
b KD,y
ed to
1 and
htion

Level of reserve capacity? Ry, P Rp,sb Rp
Low 1,0 1,0 1,0
Medium 2,0 1,5 3,0
High 3,0 2,0 6,0

a

of high reserv

b Ry, and R,

Deformation and strength.

sare the inverse of the NSCS factors kj, , and kp, 5, respectively:

kpp=Kpukps (E.1)
1 1 1

kD"’:Rf'T:Ri (E.2)
pu “ps  Tp

NOTE Examples of low reserve capacity systems include piping made of glass and ceramic electrical isolators. Examples

e capacity systems are welded steel piping and ductwork.
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Principles for determining seismic relative displacements for

drift-sensitive components

F.1 | Seismic relative displacements

The demands on drift-sensitive components are based on the relative movement of the|attachment
points. The relative movements can arise in a variety of ways:

a) interstorey drift;

b) displacement between buildings;

c) displacement between NSCS;

d) displacement between NSCS and building elements;

e) dlisplacements across the isolation plane.

Thesle are discussed in more detail below.

F.2 | Interstorey drift

Interfstorey drift is the relative horizontal displacement between two adjacent storeys. Interstorey drift
is not necessarily uniform across a given‘floor level depending on the type of structural|system and
the dtiffness of the floor slab. The interstorey drift used for design of NSCS should corregpond to the
displacement of the points of attachment at the floor levels above and below. The interstorey|drift should
reflect the inelastic behaviour df:the structure (best estimate of actual building drift at the ULS). For
further discussion see ISO 3010:2001, Annex B. The maximum drift demand is usually ass¢ciated with
the qllowable building drift at the ULS as established by regional and national standards/ Interstorey
driftimay also be deterniined at the SLS.

Where NSCS comprised of stiff and flexible elements extend between floors, interstdrey drift is
distrjibuted to the*elements of the NSCS according to relative stiffness. When a relatively flexible or
wealt NSCS isdocated between two stiff NSCS (hatched areas) as shown in Figure F.1, the interstorey
drift|(6) needs’to be accommodated by the more flexible or weak component. For example, a glazing
system installed between two rigid precast concrete spandrel panels will be required to agcommodate
the gntire displacement demand in the remaining storey height. In this case, this is accomplished by
detattfrg-the-eontainmentfor-the-glazing:
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Figure F.

F.3 Disp
When NSCS

I — Special case of distribution of the interstorey drift to a nonstructural claddi
component

acement between buildings

extend between two adjacent buildings or sections of a building that are seism

separated, 4
accommod

]
Displaceme

displacemer
as the squa
displacemer

he relative displacemerit between the two buildings or portions of the building shou
ed in the design of the,NSCS.

t between buildihgs may be conservatively estimated as the absolute sum of the horiz
Its of two adjacent buildings at the points of attachment. Alternatively, it may be {
e root of theé sum of the squares (SRSS) of the calculated displacements. The calcu
its should\include the inelastic behaviour of both structures. For further discussio

cally
|d be

bntal
aken
lated
1 see

ISO 3010, Ajpnex B:

F4 Disp

When linear NSCS such as piping extend between NSCS on the same floor, the relative displacement
between the points of attachment resulting from response of the NSCS should be accommodated in
the design of the linear connecting NSCS. Where the points of attachment of the linear NSCS occur at
different floor levels or between buildings, the interstorey drift and/or inter-building drift should be
included in the calculation of relative displacement as well. See F.2 and F.3.

Displacement between NSCS may be conservatively estimated as the absolute sum of the horizontal
displacements of two components at the points of attachment. Alternatively, it may be taken as the square
root of the sum of the squares (SRSS) of the calculated displacements. The calculated displacements
should include the inelastic behaviour of the NSCS (e.g. by increasing the elastic displacements by
the response modification factor). Where the NSCS are mounted on vibration isolators, the potential
increase in the relative displacements should be accounted for.
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Floor response spectra

General

The floor response spectrum is the acceleration response spectrum at the point of NSCS at]
may pe used to perform generic dynamic analyses or to conduct shake table testing of NSCS

freq

G.2

G.2.]

A flo
desc
estin
the ¢
the i
takel

NOTH
moti
behay
modi

Whe
resp
by Fd

A

whet

N

N

encies greater than a minimum value, fj.

Estimation of floor response spectrum

Il General

or response spectrum is typically obtained from a dynami€sanalysis of the building
ibed in 8.2. Alternatively, for a given component frequency, the floor response spect
nated as the ratio of seismic force at level i of the building structure (Fg,p,;) to operati
omponent (Fg p), where these forces are obtained from'the simplified equations in 8.3
mportance factor (yp,gp) and the component nonstpuctural response modification fact
1as unity.

The importance factor should be taken asunity because it should not modify the seisy
n. When a shake table test is conducted, the component will respond to the shaking and

Fiour and component response modificationswill occur naturally. Thus, a component nonstruct
fication factor equal to one is appropriate:

e the simplified equations of '83 are used, the ordinates of the normalized hori
bnse spectrum for a componeéntlocated at level i of the building structure are determi
rmula (G.1):

i=FEpi/ Fep=Kiuors Kui krp

e

i < Aflexible\/for components with first-mode frequencies less than f2;

i > Arigig=  for components with first-mode frequencies greater than f;

tachment. It
with natural

structure as
rum may be
hg weight of
, and where
or (kpp) are

hic test input
the inelastic
iral response

zontal floor
hed as given

(G.1)

>l

I{dors) is the ground motion hazard level of interest for ULS and SLS (see 8.3.3.1)

Forvertical response, a fraction of the values from Formula (G.1) may be used with ky ; evaluated at grade
level for all elevations. For a given component frequency, the ratio of vertical to horizontal response can
be represented by the parameter § where § is typically assumed to vary from 1/2 to 2/3.

Figure G.1 depicts the general shape of the floor response.
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Figure G.1 — Floor response spectrum

Typical assigned values for the control points for the floor response spectrum are:

fo=1,3102,5Hz
f1=751 8,3 Hz
f2=10tp 16,67 Hz
f3=33,3Hz

A representative damping ratiafor this spectrum is 0,05.

The paramgters Afjexiple ahdArigiq are determined based on information on the building and NSCS
dynamic characteristicst

G.2.2 Building-generic floor response spectrum - horizontal motion

When the byiifding dynamic characteristics are not known,

Aﬂexible = kI(u ors)* kH,i : kR,p,flexibIe (G-Z)

Arigid = kl(u ors) kH,i : kR,p,rigid (G.3)
where

ki is the floor response amplification factor given by Formula C.1 (see Annex C);

kR p flexible is the NSCS amplification factor for flexible systems (kg p,iflexibie > 1,0, see Annex D); and

kR p,irigia is the NSCS amplification factor for rigid systems (kg p,i rigia = 1,0, see Annex D).
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G.2.3 Building-specific floor response spectrum - horizontal motion

When the building dynamic characteristics are known,

Aflexible = Ap,1 * KRp,iflexible (G.4)
Arigid = AD,I : kR,p,i,rigid (G.5)
where
accalaration A+ laval 7 alhtbainad £ adunarais analucic s dura Guneln

stha = : ; g torsional
Apt+—is-the-aceelerationatleveli-obtainedfroma-dynamicanalysisprocedure-finctudiyg

response) that utilizes an elastic ground motion response spectrum or time-histary analysis.

G.3 | Additional considerations

The mass of the NSCS should always be included in the building model-and it is always|permissible
to ingclude the NSCS explictly in the building model. When the weightfa flexible NSCS (j.e. having a
frequency less than f;) exceeds 20 % of the total seismic weight of the supporting floor leyel including
the weight of the component, it is recommended that interaction effects between the strucfure and the
NSC{ be considered in the development of floor response spectra,
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Methods for verifying NSCS by design analysis

H.1 Methods of evaluation

Methods off
experience
of analysis,
complexity

H.2 Evaluation by analysis

The seismic

by equivalent static analysis. In both cases the dynamic properties of thé supporting structure an

interaction
taken into c

Appropriatg
structure fd

and imposedl deformation or relative displacement demands on the NSCS.

For NSCS th
to remain f
adequate to
design of N§

H.2.1 Modelling

The type of]
structure sy
(or flexibilit]

NOTE A

For arigid N
some standa
necessary a

evaluating NSCS response to seismic demand include analysis, qualificationntes
data, or a combination thereof. The selection of the appropriate method, including
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stem depends on the(pyjoperties and characteristics of the NSCS, including its mass, stif
), ductility, and boundary conditions.

secondary system/is an NSCS that does not influence the building response.
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NSCS that are flexible should be modelled as secondary systems to assess the effect of the seismic action
on the component. For slender, tall, or other flexible NSCS that possess unique vibration characteristics
and behaviour, the modelling of the secondary NSCS should include any interaction effects between the
primary building and secondary system, including modification to the response of either system due
to the interaction and torsional sensitivity where significant. The complexity, value and importance of
the NSCS versus cost of modelling should be considered in selecting the level of modelling detail and
analysis approach. [t may be preferable to make conservative assumptions to facilitate a more simplified
and practical design approach.

H.2.2 Equivalent static analysis

For the case of a NSCS with mass that is small relative to the supporting building, the seismic force
demand may be determined by the equivalent static load method using conventional linear elastic
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analysis. Where the local supporting members are flexible, their mass and stiffness properties should
be included in the determination of the equivalent static load.

H.2.3 Dynamic analysis

To more accurately determine the interaction effects between the supporting building structure and
an attached or supported NSCS, dynamic analysis of the NSCS subjected to the floor response motion
at attachment points may be performed. The dynamic analysis of the NSCS can be carried out by floor
response spectrum analysis or time-history analysis of a complete structural model of the building
structure with the attached or supported NSCS included in the model. For example, in the case of heavy
mechanical or electrical equipment where the dynamic response can impart a significant seismic force
feedback to the supporting structure or a sensitive NSCS, a dynamic analysis of the complete building
and INSCS combined system is recommended.

For

appr
meth
betw
prim

on-massive NSCS secondary systems, dynamic analysis by the floor response spectrum method with
ppriate modal combination procedures is recommended. Conventional flddrTesponge spectrum
ods derived from the vibration of the building structure alone neglectithe dynamiq interaction
een the building and NSCS, and do not account for modification to the responses of the combined
ary-secondary system due to interaction.
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As some NSCS are sensitive to damage from higher mode effects from the supporting building, these
should be considered especially when the natural frequencies of the NSCS are close to vibration periods
of the building structure.

H.2.7 Boundary condition of NSCS

The flexibility, strength and reserve capacity of the attachment or supporting devices of NSCS to
the building structure, including isolation devices, should be considered in the determination of the
magnitude and characteristics of the seismic load demands for the seismic design and performance
evaluation of the NSCS. For examples of attachment geometry, see Annex D.
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H.2.8 Imposed relative displacements or deformations

For NSCS attached to the supporting building at multiple support points that undergo spatially varying
out-of-phase support motion, an additional pseudo-static deformation demand is imposed on the NSCS.
The NSCS should be designed to have the strength, flexibility or ductility capacity to accommodate the
imposed relative displacement or deformation demands. For example, a glass panel on the exterior building
facade with attachment points on separate structural members of the building frame should be designed
to accommodate the relative movement of the support points in addition to the dynamic load effects.
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