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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-govern
Internationg

Internationg
The main {

adopted by
Internationg

mental, in_fiaison with 150, also take part in the work. IS0 collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
bsk of technical committees is to prepare International Standards. Draft Intergational Stand

the technical committees are circulated to the member bodies for votingy “Publication as
| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

the

ards
an

tent

ures

ving

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pd

rights. ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 19901 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore struct

for petroleum, petrochemical and natural gas industries, Subcommittee SC 7, Offshore structures.

ISO 19901 |consists of the following parts, under the general title “Petroleum and natural gas industrie

Specific requirements for offshore structures:

— Part 1:| Metocean design and operating consideration$

— Part 2:| Seismic design procedures and criteria

— Part 4:| Geotechnical and foundation degsign*considerations

— Part 5:| Weight control during enginegring and construction

— Part 7:| Stationkeeping systems-for floating offshore structures and mobile offshore units

The following parts of ISO 19903-are under preparation:

— Part 3:| Topsides structure

— Part 6:| Marine operations

ISO 19901 |is one of a series of standards for offshore structures. The full series consists of the follo

Internationgl ‘Standards.

— IS0 19900, Petroleum and natural gas industries — General requirements for offshore structures

— 1SO 19901 (all parts), Petroleum and natural gas industries — Specific requirements for offshore
structures

— IS0 19902, Petroleum and natural gas industries — Fixed steel offshore structures

ISO 19

903, Petroleum and natural gas industries — Fixed concrete offshore structures

semi-submersibles and spars

ISO 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1: Monohulls,

© ISO 2004 — All rights reserved
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— IS0 19904-2, Petroleum and natural gas industries — Floating offshore structures — Part 2: Tension leg
platforms

— IS0 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 1: Jack-ups

— ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 2: Jack-ups commentary

— IS0 19906, Petroleum and natural gas industries — Arctic offshore structures
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Introduction

The series of International Standards applicable to types of offshore structure, 1ISO 19900 to 1SO 19906,
constitutes a common basis covering those aspects that address design requirements and assessments of all
offshore structures used by the petroleum and natural gas industries worldwide. Through their application, the
intention is to achieve reliability levels appropriate for manned and unmanned offshore structures, whatever

the nature

It is import
actions, st

national requirements, all of which are mutually dependent. The modification of one aspect '6f desig

isolation c3
implications
offshore str

The series
latitude in
Sound engi

The overal
seismic deg
platform, th
actions with
relation to t

Seismic co
historical sq

hazard assg¢ssments will be required to complete the-design or assessment of a structure.

This part of]
structures,

within the ¢
1ISO 19903,
offshore un

Some back
The clause

Regional in

rcompination or the materials used.

bnt to recognize that structural integrity is an overall concept comprising models for-descri
uctural analyses, design rules, safety elements, workmanship, quality control precedures

n disturb the balance of reliability inherent in the overall concept or structural system.
involved in modifications, therefore, need to be considered in relation to the oyerall reliability d
Lictural systems.

of International Standards applicable to types of offshore structure is.intended to provide a
he choice of structural configurations, materials and techniques~without hindering innova
neering judgement is therefore necessary in the use of these International Standards.

concept of structural integrity is described above. Some! additional considerations apply
ign. These include the magnitude and probability of seismic events, the use and importance of
e robustness of the structure under consideration and the allowable damage due to seis
different probabilities. All of these, and any other_ relevant information, need to be considere
ne overall reliability of the structure.

nditions vary widely around the world, and the design criteria depend primarily on observation
ismic events together with consideration«af seismotectonics. In many cases, site-specific seis

ISO 19901 is intended to provide general seismic design procedures for different types of offs
Bnd a framework for the derivation of seismic design criteria. Further requirements are conta
eneral requirements standard~ISO 19900 and within the structure-specific standards, ISO 19
ISO 19904 and ISO 19906. The consideration of seismic events in connection with mg
ts is addressed in ISO19905.

ground to and guidance on the use of this part of ISO 19901 is provided in informative Anne
numbering in Annex A is the same as in the normative text to facilitate cross-referencing.

ormation{on‘expected seismic accelerations for offshore areas is provided in informative Anne

bing
and
n in
The
f all

vide
ion.

for
the
mic
d in
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mic
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D02,
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Petroleum and natural gas industries — Specific requirements
for offshore structures —

Part 2:

S

ismic design procedures and criteria

1

Thig
offs
fixe

partially buoyant structures are also briefly discussed. The site-specifictassessment of jack-ups

con
Onl
liqu
disa

The)
that
a)

b)

For

is re¢quired; for such cases,'the procedures and requirements for a site-specific probabilistic seis

ana

Wh
the
may
stru

Scope

part of ISO 19901 contains requirements for defining the seismic design* procedures and
hore structures; guidance on the requirements is included in Annex A. Fhe’requirements are g
 steel structures and fixed concrete structures. The effects of seismic-events on floating str

dition is only covered in this part of ISO 19901 to the extent that the requirements are applicabl

earthquake-induced ground motions are addressed in detail Other geologically induced hazg
efaction, slope instability, faults, tsunamis, mud volcanoes and shock waves are mentioned
ussed.

requirements are intended to reduce risks to persons, the environment, and assets to the Iq
are reasonably practicable. This intent is achieved by using:

seismic design procedures which are dependent on the platform's exposure level and th
intensity of seismic events;

strength and stiffness and then’checked to abnormal environmental events or the accidents
(ALS) to ensure that it meetstreserve strength and energy dissipation requirements.

high seismic areas and/or-high exposure level fixed structures, a site-specific seismic hazard

ysis (PSHA) are addressed. However, a thorough explanation of PSHA procedures is not inclu

bre a simplified ‘design approach is allowed, worldwide offshore maps are included in Annex
intensity oftground shaking corresponding to a return period of 1 000 years. In such cases,

be used with corresponding scale factors to determine appropriate seismic actions for the
Cture.,

criteria for
pplicable to
ictures and
in elevated

aY
.

rds such as
and briefly

west levels

e expected

a two-level seismic design checK in*which the structure is designed to the ultimate limit stale (ULS) for

| limit state

hssessment
mic hazard
ded.

B that show
hese maps
design of a

E For design of fixed steel offshore structures, further specific requirements and recommended val

structures are c

ontained in 1ISO 19903. Specific seismic requirements for floating structures are to be

es of design
rete offshore
contained in

ISO 19904[2), for site-specific assessment of jack-ups and other MOUs in 1SO 1990583, for arctic structures in

ISO

2

19906] and for topsides structures in 1ISO 19901-3[11.

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO

19900, Petroleum and natural gas industries — General requirements for offshore structures
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ISO 19902"), Petroleum and natural gas industries — Fixed steel offshore structures

ISO 19903"), Petroleum and natural gas industries — Fixed concrete offshore structures

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 19900 and the following apply.

3.1

abnormal level earthquake

ALE

intense ear
loss of integ
NOTE |
ISO 19902
floatation int¢

1
=

3.2
attenuation
decay of se

3.3
directionaI’lI
combinatio

3.4
escape an

systems pr$

NOTE H

3.5
extreme le
ELE
earthquake

NOTE
described in
subsequent

.

3.6
fault move
movement

3.7

hquake of abnormal severity under the action of which the structure should not suffer comg
rity

he ALE event is comparable to the abnormal event in the design of fixed structures which are-describg

grity for a sufficient period of time to enable evacuation to take place.

smic waves as they travel from a source to the site under consideration

combination
of response values due to each of the three orthogonal components of an earthquake motion

evacuation systems
vided on a platform to facilitate escape and evacuation in an emergency

scape and evacuation systems include passageways, chutes, ladders, life rafts and helidecks.

el earthquake

with a severity which the strueture should sustain without major damage

he ELE event is comparable_to the extreme environmental event in the design of fixed structures which
SO 19902 and ISO 19903) When exposed to an ELE, a structure is supposed to retain its full capacity f
onditions.

ment
bceurring‘on ‘a fault during an earthquake

ground mdtions

lete

ed in

nd 1ISO 19903. When exposed to the ALE, a manned structure is supposed to maintain ‘structural apd/or

are
br all

accelerations, velocities or displacements of the ground produced by seismic waves radiating away from

earthquake

NOTE

sources

A fixed offshore structure is founded in or on the seabed and consequently only seabed motions are of

significance. The term ground motions is used rather than seabed motions for consistency of terminology with seismic
design for onshore structures.

1) To be pu

blished.
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efaction

fluidity of cohesionless soil due to the increase in pore pressures caused by earthquake action under
undrained conditions

3.9

modal combination
combination of response values associated with each dynamic mode of a structure

3.10
mud volcanoes

diapiric intrusion of plastic clay causing high pressure gas-water seepages which carry mud, fragm
(and occasionally oil) to the surface

NOTE The surface expression of a mud volcano is a cone of mud with continuous or intermittent d
thropgh the mud.

3.1

propabilistic seismic hazard analysis
PSHA
framework permitting the identification, quantification and rational combination of uncertainties in ¢

inte

3.12
pro

E
EXCE

3.13
res
plot
disp

3.14
sys
NOT
3.15

sea
inte

p:)jability that a variable (or that an event) exceeds a specified reference level given exposure tim

sathy systems

nsity, location, rate of recurrence and variations in ground motion characteristics

pability of exceedance

MPLES Examples of probabilities of exceedance ddring a given exposure time are the annual
edance of a specified magnitude of ground acceleration, ground velocity or ground displacement.

ponse spectrum
representing structural response inlterms of absolute acceleration, pseudo velocity,
lacement values against natural frequency or period

ems provided on a platform,to detect, control and mitigate hazardous situations

E Safety systems.include gas detection, emergency shutdown, fire protection, and their control syst

floor
face between the sea and the seabed

3.1
sea

floor slide

ents of rock

as escaping

arthquakes'

e

brobability of

or relative

: f £l !
failure-of-sea-ftoot STOPEeS

3.17
seabed
materials below the sea in which a structure is founded

NOTE The seabed can be considered as the half-space below the sea floor.

3.18

seismic risk category

SRC

category defined from the exposure level and the expected intensity of seismic motions
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3.19
seismic ha
curve show

NOTE
acceleration,

3.20

zard curve
ing the probability of exceedance against a measure of seismic intensity

or spectral velocity.

seismic reserve capacity factor
ratio of spectral acceleration which causes structural collapse or catastrophic system failure to the ELE
spectral acceleration

3.21
site resporn
wave prop3
design grou
NOTE 1
3.22
spectral ag

maximum
motions du

3.23

spectral vdlocity

maximum ¢
to an earthg

3.24

spectral displacement

maximum r
duetoane

3.25

static push
static push
application
dynamic ing

3.26
tsunami
long period

NOTE 1
seabed mud

se analysis
gation analysis permitting the evaluation of the effect of local geological and soil conditions on
nd motions at a given site

[he site response analysis results can include amplitude, frequency content and duration.

celeration
bsolute acceleration response of a single degree of freedom escillator subjected to grd
to an earthquake

seudo velocity response of a single degree of freedom oscillator subjected to ground motions
uake

plative displacement response of a singlexdegree of freedom oscillator subjected to ground mof
brthquake

over method

over analysis

and incremental increasé€ of a global static pattern of actions on a structure, including equivg
rtial actions, until a glgbal failure mechanism occurs

sea waves caused by rapid vertical movements of the sea floor

[he vertical movement of the sea floor is often associated with fault rupture during earthquakes or
slides.

4 Symbols and abbreviated terms

41

aRr

Ca

Ce

Symbols

slope of the seismic hazard curve
site coefficient, a correction factor applied to the acceleration part of a response spectrum

correction factor applied to the spectral acceleration to account for uncertainties not captured
seismic hazard curve

The seismic intensity measures can include parameters such as peak ground acceleration, spectral

the

und

due

ons

lent

with

ina
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C, seismic reserve capacity factor, see Equation (7)

C, site coefficient, a correction factor applied to the velocity part of a response spectrum

cy undrained shear strength of the soil

cy average undrained shear strength of the soil of the top 30 m of the seabed

D scaling factor for damping

Gmax low amplitude shear modulus of the soil

g acceleration due to gravity (9,81 m/s2)

M magnitude of a given seismic source

Na scale factor for conversion of the site 1000 year acceleration spectrum to the site ALE
acceleration spectrum

Pa atmospheric pressure

PpLE annual probability of exceedance for the ALE event

Py probability of exceedance

PeLE annual probability of exceedance for the ELE event

P target annual probability of failure

dc cone penetration resistance of sand

gl normalized cone penetration resistance of sand

9ol average normalized cone penétration resistance of sand of the top 30 m of the seabed

Sa(1) spectral acceleration associated with a single degree of freedom oscillator period T

Salr ) mean spectral acCeleration associated with a single degree of freedom oscillator period T;
obtained from a PSHA

SaAE(T)  ALE spectralacceleration associated with a single degree of freedom oscillator period 7

§ap|_E(T) mean,’ALE spectral acceleration associated with a single degree of freedom oscillatpr period T;
obtaified from a PSHA

Sa,eLe(T)_<-ELE spectral acceleration associated with a single degree of freedom oscillator period| 7

S a FIE (T) mke‘a_n EAL‘E specheca\Il Ial\c:celeration associated with a single degree of freedom oscillatpr period T;

Sa,map(T) 1 000 year rock outcrop spectral acceleration obtained from maps associated with a single
degree of freedom oscillator period T
NOTE The maps included in Annex B are for oscillator periods of 0,2 s and 1,0 s.

Ea,pe (T) mean spectral acceleration associated with a probability of exceedance P, and a single degree of
freedom oscillator period T; obtained from a PSHA

S a.pf (T) mean spectral acceleration associated with a target annual probability of failure P; and a single

degree of freedom oscillator period T; obtained from a PSHA

© 1SO 2004 - All rights reserved
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Sa,site(T)

T

T, dom

T, return

LR

0

site spectral acceleration corresponding to a return period of 1 000 years and a single degree of

freedom oscillator period T

natural period of a simple, single degree of freedom oscillator
dominant modal period of the structure

return period

code utilization in time history analysis i

mediar code utitization

shear wave velocity

average shear wave velocity of the top 30 m of the seabed

mass density of soil

percent of critical damping

logarithmic standard deviation of uncertainties not captured in a seismic hazard curve

vertical effective stress of soil

4.2 Abbreviated terms

ALE
ALS
ELE

L1,L2,L3

MOU
PGA
PSHA
SRC
TLP

ULS

abnormal level earthquake
accidental limit state
extreme level earthquake

exposure level derived in accordan¢e with the International Standard applicable to the typ
offshore structure?)

mobile offshore unit

peak ground acceleration
probabilistic seismic-hazard analysis
seismic risk«Category

tensionJeg platform

ultimate limit state

5 Earthquake hazards

Actions and action effects due to seismic events shall be considered in the structural design of offshore
structures in seismically active areas. Areas are considered seismically active on the basis of previous records
of earthquake activity, both in frequency of occurrence and in magnitude. Annex B provides maps indicative of
seismic accelerations, however for many areas, depending on indicative accelerations and exposure levels,
seismicity shall be determined on the basis of detailed investigations, see 6.5.

2)

available, ISO 19904 (all parts), ISO 19905 (all parts) and ISO 19906. See the Bibliography.

International Standards applicable to types of offshore structure, include 1ISO 19902 and ISO 19903, and when

© ISO 2004 — All rights reserved
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Consideration of seismic events for seismically active regions shall include investigation of the characteristics
of ground motions and the acceptable seismic risk for structures. Structures in seismically active regions shall
be designed for ground motions due to earthquakes. However, other seismic hazards shall also be considered
in the design and should be addressed by special studies. The following hazards can be caused by a seismic

event:

soil liquefaction;
sea floor slide;

fault movement;

Effg
stud

6

6.1

Clalise 6 addresses the design of structures against base,-excitations,

disp

Strd
env

The
to 6
ade
des
will
insp

The
stre
with
abn

probability of oeclirring during the structure's design service life. The ALE can cause considerablg

the
avo

tsunamis;
mud volcanoes;
shock waves.

cts of seismic events on subsea equipment, pipelines and in-field flowlines shall\be addresse
ies.

Seismic design principles and methodology

Design principles

i.e. accelerations, ve
lacements caused by ground motions.

ctures located in seismically active areas shall be designed for the ultimate limit state (ULS)),

ronmental events and the accidental limit state((ALS) using different levels of earthquake.

ULS requirements are intended to provide-a structure which is adequately sized for strength 3
nsure that no significant structural damage occurs for a level of earthquake ground mot
Huately low likelihood of being exceeded during the design service life of the structure. The §
gn event is the extreme level earthquake (ELE). The structure shall be designed such that ar

by special

ocities and

abnormal

nd stiffness
on with an
eismic ULS
ELE event

cause little or no damage. Shutdown of production operations is tolerable and the structur¢ should be

ected subsequent to an ELE occurrence.

ALS requirements are)intended to ensure that the structure and foundation have suffici
hgth, displacement ‘@and/or energy dissipation capacity to sustain large inelastic displaceme
out complete loss-of integrity, although structural damage can occur. The seismic ALS design
brmal level earthquake (ALE). The ALE is an intense earthquake of abnormal severity with

structure_ however, the structure shall be designed such that overall structural integrity is m
d structural collapse causing loss of life and/or major environmental damage.

ent reserve
Nt reversals
event is the
a very low
damage to
aintained to

mic events.

ELE and ALE return perrods depend on the exposure level and the expected mtensrty of seiq

consultation W|th regulators or to meet regional requwements where they exist.

6.2

6.2.1

Seismic design procedures

General

owners in

Two alternative procedures for seismic design are provided. A simplified method may be used where seismic
considerations are unlikely to govern the design of a structure, while the detailed method shall be used where
seismic considerations have a significant impact on the design. The selection of the appropriate procedure
depends on the exposure level of the structure and the expected intensity and characteristics of seismic
events. The simplified procedure (Clause 7) allows the use of generic seismic maps provided in Annex B;

© 1SO 2004 - All rights reserved
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while the detailed procedure (Clause 8) requires a site-specific seismic hazard study. In all cases, the
simplified procedure may be used to perform appraisal and concept screening for a new offshore development.

Figure 1 presents a flowchart of the selection process and the steps associated with both procedures.

6.2.2 Extreme level earthquake design

During the ELE event, structural members and foundation components are permitted to sustain localized and
limited non-linear behaviour (e.g. yielding in steel, tensile cracking in concrete). As such, ELE design
procedures are primarily based on linear elastic methods of structural analysis with, for example, non-linear
soil-structure interaction effects being linearized. However, if seismic isolation or passive energy dissipation

devices are|

For structu
analysis arg

a) theres

b) thetim
In both me
motions an
are used in
consulted

employed, non-linear time history procedures shall be used.

'es subjected to base excitations from seismic events, either of the following two method
allowed for the ELE design check:

bonse spectrum analysis method, or

e history analysis method.

thods, the base excitations shall be composed of three motions, d.e."two orthogonal horizg
i the vertical motion. Reasonable amounts of damping compatible with the ELE deformation le|

the ELE design. The International Standard applicable to the type of offshore structure3) sha
vhen available. Higher values of damping due to hydrodymamics or soil deformation shal

substantiat
necessary,
foundation

d with special studies. The foundation may be modelled. with equivalent elastic springs an
mass and damping elements; off-diagonal and frequency dependence can be significant.
tiffness and damping values shall be compatible with the ELE level of soil deformations.

In a responke spectrum analysis, the methods for combining-the responses in the three orthogonal direct
shall consider correlation between the modes of vibration. When responses due to each directi

component|of an earthquake are calculated separately, the responses due to the three earthquake direct
may be combined using the root of the sum of the squares method. Alternatively, the three directi
responses may be combined linearly assuming that one component is at its maximum while the other

components are at 40 % of their respectivesmaximum values. In this method, the sign of each respq
parameter ghall be selected such that the response combination is maximized.

If the time |history analysis method is(used, a minimum of 4 sets of time history records shall be use
capture the[randomness in seismic mdtions. The earthquake time history records shall be selected such
they represent the dominating ELE events. Component code checks are calculated at each time step and
maximum gode utilization duringZeach time history record shall be used to assess the component performa
The ELE degsign is satisfactoryif the code utilization maxima are less than 1,0 for half or more of the recd
a scale factpr of 1,05 shathbe applied to the records if less than 7 sets of records are used.

Equipment jon the deck’ shall be designed to withstand motions that account for the transmission of grd
motions thrpugh the structure. Deck motions can be much higher than those experienced at the sea floor.
time history analysis method is recommended for obtaining deck motions (especially relative motions)

5 of

ntal
vels
| be

be
d, if
The

ons
bnal
ons
bnal
two
nse

d to
that
the
nce.
rds;

und
The
and

deck motion response spectra.

The effects of ELE-induced motions on pipelines, conductors, risers and other safety-critical components shall

be considered.

3)
available, ISO 19904 (all parts), ISO 19905 (all parts) and ISO 19906. See the Bibliography.

International Standards applicable to types of offshore structure, include 1ISO 19902 and ISO 19903, and when
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Determine S, qp (1, 0) using the
maps in Annex B (6.3)

Determine the site seismic zone,
[6.4a)]

Determine exposure level for
the structure

Determine the seismic risk category,

ISO 19901-2:2004(E)

SRC, for the st

ructure, [6.4 c)|

SRC 2, SRC 3? — Simplified seismic
action procedure, (Clause 7)

If SRC 1
No evaluation required

[Determine the site-specific 1 000
year acceleration spectrum, (7.1)

Determine the ALE acceleration
spectrum, (7.2)

Determine the seismic reserve
capacity factor, C, (7.2)

SRC 3?, SRC 4 - Detailed seismit
action procedure, (Clause 8)

Determine the seismic hagard curve
from site-specific study, (82 and 8.3)

Determine‘the slope of the seismic
hazard eurve at P;, ag, [8.4, a) to ¢)]

Determine the correction factor,
C. [8.4d)]

Determine the ALE spectral
acceleration and return period,
[8.4 €)]

Determine the seismic reserve
capacity factor, C,, [8.4 )]

Determine the ELE spectral
acceleration and return period,
[8.4 f) and g)]

Determine the ELE acceleration
spectrum, (7.2)

Determine effects of local soils,
(8.5)

Design

a

Figure 1 — Seismic design procedures

© 1SO 2004 - All rights reserved
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6.2.3 Abnormal level earthquake design

In most cases, it is not economical to design a structure such that the ALE event would be resisted without
major non-linear behaviour. Therefore, the ALE design check allows non-linear methods of analysis, e.g.
structural elements are allowed to behave plastically, foundation piles are allowed to reach axial capacity or
develop plastic behaviour, and skirt foundations are allowed to slide. In effect, the design depends on a
combination of static reserve strength, ductility, and energy dissipation to resist the ALE actions.

Structural and foundation models used in an ALE analysis shall include possible stiffness and strength
degradation of components under cyclic action reversals. The ALE analysis shall be based on best estimate

values of modelling parameters such as material strength, soil strength and soil stiffness. This can req

uire

reconsiderd

For structu
analysis arg

a) thesta
b) the nor
The two mq
base excita
procedure.

The static p

failure, or the global displacement of the structure (i.e. beyond the)ELE). The latter may be achieveq

performing
most accur,
randomnes
represent tf
be demons
global survi

Extreme dis
on a tensig
methods, th
for the strug
of large stry
considered

6.3 Sped

Generic sei
These map
area, two m

tion of the conservatism that is typically present in the ELE design procedure.

'es subjected to base excitations from seismic events, either of the following two method
allowed for the ALE design check:

ic pushover or extreme displacement method, or
-linear time history analysis method.

thods can complement each other in most cases. The requirements in\g:2.2 for the compositig
tions from three orthogonal components of motion and for dampingjalso apply to the ALE de

ushover analysis method may be used to determine possible ‘and controlling global mechanisn

a displacement controlled structural analysis. The non-linear time history analysis method is
hte method of ALE analysis. A minimum of 4 timechistory analyses shall be used to capture
5 in a seismic event. The earthquake time history records shall be selected such that
e dominating ALE events. If 7 or more time history records are used, global structure survival §
rated in half or more of the time history analyses. If fewer than 7 time history records are u
val shall be demonstrated in at least 4 time-history analyses.

placement methods may be used torassess survival of compliant or soft-link systems, e.g. tet
n leg platform (TLP), or portal action of TLP foundations subjected to lateral actions. In tH
e system is evaluated at thesmaximum ALE displacement, including the associated action eff
ture. The hull structure of the TLP is designed elastically for the corresponding actions. The e
cture displacements on pipelines, conductors, risers and other safety-critical components sha
separately.

itral acceleration data

smic maps.ef spectral accelerations for the offshore areas of the world are presented in Ann¢
5 should\be used in conjunction with the simplified seismic action procedure (Clause 7). For €
aps,are-presented in Annex B:

5 of

n of
5ign

s of
| by
the
the
hey
shall
sed,

hers
ese
ects
ffect
| be

X B.
ach

one for

2.0 2 s ascillator neriod-
k ~ H

the other for a 1,0 s oscillator period.

The acceleration values are expressed in g and correspond to 5 % damped spectral accelerations on bedrock
outcrop, defined as site class A/B in 7.1. These accelerations have an average return period of 1 000 years
and are designated as Sa‘map(O,Z) or Sa,map(1 ,0).

Results from a site-specific seismic hazard assessment may be used in lieu of the maps in a simplified
seismic action procedure.

10 © 1SO 2004 — All rights reserved
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6.4 Seismic risk category

The complexity of a seismic action evaluation and the associated design procedure depends on the
structure's seismic risk category, SRC, as determined below. Acceleration levels taken from Annex B define
the seismic zones, which are then used to determine the appropriate seismic design procedure. The selection
of the procedure depends on the structure's exposure level as well as the severity of ground motion. The
following steps shall be followed to determine the SRC:

a) Determine the site seismic zone: from the worldwide seismic maps in Annex B, read the value for the
1,0 s horizontal spectral acceleration, S, 45(1,0); using this value, determine the site seismic zone from
Table 1.

Table 1 — Site seismic zone

Samap(1:0) <0,03g 0,03gt00,10g | 0,11gt00,25¢ | 0,26 gt0 0,45 ¢ >045¢

Seismic zone 0 1 2 3 4

b) |Determine the structure's exposure level [consult the International Standard, when available, gpplicable to
the type of offshore structure)]. The target annual probabilities of failure associated with eagh exposure
level are given in Table 2; these are required in the detailed procedure to determine seismic actions.
Other target probabilities may be used in the detailed seismic “action procedure if recommended or
approved by local regulatory authorities. The simplified seismiic action procedure has been galibrated to
the target probabilities given in Table 2.

Table 2 — Target annual probability of failure, P;

Exposure level P;
L1 4 x 104 =1/2 500
L2 1x 1073 =1/1 000
L:3 2,5 x 1073 = 1/400

c) |Determine the structure's seismic.risk category, SRC, based on the exposure level and the pite seismic
zone the SRC is determined from Table 3.

Table 3 — Seismic risk category, SRC

. -2 - Exposure level
Site"seismic zone
L3 L2 L1
0 SRC 1 SRC 1 SRC 1
1 SRC 2 SRC 2 SRC 3
2 SRC 2 SRC 2 SRC 4
3 SRC 2 SRC 3 SRC 4
4 SRC 3 SRC 4 SRC 4

If the design lateral seismic action is smaller than 5 % of the total vertical action comprising the sum of
permanent actions plus variable actions minus buoyancy actions, SRC 4 and SRC 3 structures may be
recategorized as SRC 2.

4) International Standards applicable to types of offshore structure, include 1ISO 19902 and I1SO 19903, and when
available, ISO 19904 (all parts), ISO 19905 (all parts) and ISO 19906. See the Bibliography.

© 1SO 2004 — Al rights reserved 1
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6.5 Seismic design requirements

Table 4 gives the seismic design requirements for each SRC; these requirements are also shown in Figure 1.

In seismically active areas, the designer shall strive to produce a robust and ductile structure, capable of
withstanding extreme displacements in excess of normal design values. Where available for a given structure
type, architectural and detailing requirements and recommendations for ductile design should be followed for
all cases (except SRC 1). Consult the International Standard, when available, applicable to the type of
offshore structured).

For floating _structures, consideration of riser stroke, tether rotation angle, and similar geometric allowances

shall be sufi

ficient to address the ALE requirements.

Table 4 — Seismic design requirements

procedure. Fi
preferred and
requires resu
seismic maps

SRC Seismic action procedure Evaluation of seismic activity Non-linear-ALE analysis
1 None None None
2 Simplified ISO maps or regional maps Permitted
32 Simplified Site-specific, ISO maps or regional maps Recommended
Detailed Site-specific Recommended
4 Detailed Site-specific Required
@  For an §RC 3 structure, a simplified seismic action procedure is in most cases«more conservative than a detailed seismic agtion

r evaluation of seismic activity, results from a site-specific probabilistic seismic hazard analysis (PSHA), see 8.2,
should be used, if possible. Otherwise regional or ISO seismic maps may be used. A detailed seismic action proce

(regional or ISO maps).

ts from a PSHA whereas a simplified seismic action procedure_may be used in conjunction with either PSHA resul{s or

are
Hure

7 Simp

7.1 Soil

Having obtained the bedrock spectral‘\accelerations at oscillator periods of 0,2s and 1,0s, S,

Sa,map(1 0),
correspond
a) Determ

The sif
averag

The av

ified seismic action procedure

classification and spectral shape

(0,2)
,map

from Annex B, the following steps shall be followed to define the site response spect
ng to a return period-of-1 000 years:

ine the site class\as follows.

and
rum

the

Equatian{1):

Vs

where

n

1|rom

e class depends on the seabed soils on which a structure is founded and is a function of]
e properties of the top 30 m of the effective seabed (see Table 5).
erage shear wave velocity in the top 30 m of effective seabed (vg) shall be determined
n
=30/ )" di
i1 V'si

is the number of distinct soil layers in the top 30 m of effective seabed;

5)

available, ISO 19904 (all parts), ISO 19905 (all parts) and ISO 19906. See the Bibliography.
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(1)

International Standards applicable to types of offshore structure, include 1ISO 19902 and ISO 19903, and when
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d; s the thickness of layer i;

ve ; is the shear wave velocity of layer i.

S,i

-2:2004(E)

Similarly, the average of normalized cone penetration resistance (g ) or soil undrained shear strength

(¢ ) shall be determined according to Equation (1) where vy is replaced by ¢ or c,,.

Table 5 — Determination of site class

Average properties in top 30 m of effective seabed

. Sand: normalized ; .
—Sitectass———Soit-profite mame———Seil-shear-wave : Clay:-sei}
. cone penetration ‘undramed
velocity . shearstrength
— resistance i
Vs — a u
9el
m/s kPa
Hard rock/rock,
A/B] thickness of soft vg > 750 Not applicable Not applicable
sediments <5 m
Very dense hard soil — _ _
C and soft rock 350 < vg < 750 7200 ¢y * 200
D Stiff to very stiff soil 180 < vy < 350 80'< g, <200 80 < ¢, <200
Soft to firm soil 120 < vg < 180 g4 <80 ¢y <80
Any profile, including\those otherwise classified as A to H, containing
soils having one ormore of the following characteristics:
vs < 120;
soils vulngrable to potential failure or collapse under seigmic actions
such aslliquefiable soils, highly sensitive clays, collapdible weakly
E cemented soils;

ooze P with a thickness of more than 10 m;

soil layers with high gas content or ambient excess pore pres
than 30 % of in situ effective overburden;

layers greater than 2 m thick with sharp contrast in shear
(greater than +30 %) and/or undrained shear strength (
+ 50 %) compared to adjacent layers.

sure greater

ave velocity
reater than

g = (g ! py) x (py ! 0" )%2

where

9 is the cone penétration resistance;
P, is atmospheric pressure = 100 kPa;
o' is the~vertical effective stress.

v0

Clay containing more than 30 % calcareous or siliceous material of biogenic origin.

b)

Determine C, and C, as follows.

1)

For shallow foundations, determine the site coefficients, C, and C,, from Table 6 and Table 7. The

values of C, and C, are dependent on the site class and either the mapped 0,2 s or 1,0 s spectral
accelerations, S, 1,55(0,2) and Sy ap(1,0).
2) For deep pile foundations, the site coefficients C, and C,, are listed in Table 8.
© ISO 2004 — Al rights reserved 13
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c) Determ

1)

2)

3)

14

Table 6 — Values of C, for shallow foundations and 0,2 s period spectral acceleration

Tgble 7 — Values of C, for shallow foundations and 1,0 s period spectral acceleration

A
Fi

Site class Sa,map(0:2)
<025g¢g 0,50 g 0,75 ¢ 10 ¢ ~125¢
A/B 1,0 1.0 1.0 10 10
c 1,2 12 1.1 10 10
P 16 14 1.2 1,1 1,0
E 2,5 1,7 12 0.9 0.0
F T = = . -

a

A site-specific geotechnical investigation and dynamic site response analyses shall be performed.

S 1,0
Site class amap(1.0)
<01g 0,2g 0,3g 0,4¢g >05¢g
A/B 1,0 1,0 1,0 1,0 1,0
C 1,7 1,6 1,5 N 1,3
D 2,4 2,0 1,8 1,6 1,5
E 3,5 3,2 2,8 2,4 2,4
F a a a a a

a

A site-specific geotechnical investigation and dynamic site response analyses shall be performed.

LEA. D

Table 8 — Values of C, and-C, for deep pile foundations

Site class C, C,
A/B 1,0 0,8
C 1,0 1,0
D 1,0 1,2
E 1,0 1,8
F a a

a

A site-specific geotechnical investigation and dynamic

site response analyses shall be performed.

ine thesite’ 1 000 year horizontal acceleration spectrum as follows.

Seismic acceleration spectrum shall be prepared for different oscillator periods (7), as show

OreZ"

For periods, T, less than or equal to 0,2 s, the site spectral acceleration, Sa,site(T), shall be taken as:

Sasite(T) = (3T + 074)Ca x Sa,map(072)

For periods greater than 0,2 s, the site spectral acceleration, S, je(7), shall be taken as:

Sasite(T)=Cy XSa,map('],O)/T

except that S sjte(7) < Cg X Sz map(0.2)

(2)

©)

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=dee8d620387445e6f3137fb7b886efb7

ISO 19901-2:2004(E)

4) For periods greater than 4,0 s, the site spectral acceleration may be taken as decaying in proportion
to 1/72 instead of 1/T as given by Equation (4):

Sa,site (T)=4C, x Sa,map(1 ,0)/T2

—

(4)

~
©
)
Sa, site (T) = (3 T+ 0’4)Ca x Sa, map (01 2)
Ca x Sa, map (0, 2)
Sa’ site (7)=C, % S map (1, OV T
- 2
Sa, site (T) p= 4Cv x sa, map (1, O) T
Cv x Sa, map (1, 0)
0,2 1 ¢ b T (s)
Key
T natural period of a simple, singlé degree of freedom oscillator
C.. G, site coefficients
So(1) spectral acceleration
Saste(T) site spectral acceleration corresponding to a return period of 1 000 years and a single degreg of freedom
oscillator period T
Sa’nap(O,Z) 1 000 year rock‘outcrop spectral acceleration obtained from maps in Annex B associated yith a single
degree of fréedom oscillator period 0,2 s
Sa’nrap(1,0) 1 000 yearrock outcrop spectral acceleration obtained from maps in Annex B associated yith a single
degree of freedom oscillator period 1,0 s
Figure 2 — Seismic acceleration spectrum for 5 % damping
d) |The site vertical spectral acceleration at a period T shall be taken as half the corresponding horizontal
ects.

B fral laratiaorn—FRharart: Lo U PTRT--WPN 28 ok raci+ P oo o ot os otk
OPCLTAratlTICTatiumT.— T oS voTToar Spo ot STiaim ot ot T o Ut U TOTrOTC T UU T TOWatcT UG PuT O

e) The acceleration spectra obtained using the preceding steps correspond to 5 % damping. To obtain
acceleration spectra corresponding to other damping values, the ordinates may be scaled by applying a

correction factor D:

1 In(1007)
In(20)

where 7 is the percent of critical damping.

© 1SO 2004 - All rights reserved
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As an alternative to the procedure given in a) to e), uniform hazard spectra obtained from PSHA may be
modified by a detailed dynamic site-response analysis to obtain 1 000 year site-specific design response

spectra.

7.2 Seismic action procedure

The design

seismic acceleration spectra to be applied to the structure shall be determined as follows.

For each oscillator period T, the ALE horizontal and vertical spectral accelerations are obtained from the
corresponding values of the site 1 000 year spectral acceleration [see 7.1 ¢) and 7.1 d)]:

Sa,ALE
where the s

The ELE hd

SaELE

where C; i
strength an
reinforced ¢
failure of th
design of th

the same fime likely to meet the ALE performance requirements: Values of C, may be justified by

detailed as
Values of (
type of offs

To avoid re
L2 structurg

8 Detai

T)= NALE *Sasite(T)
cale factor N g is dependent on the structure exposure level and shall be obtained from/Tablg

rizontal and vertical spectral accelerations at oscillator period T’ may be obtainedfrom:
)= Sa,ALE(T)/Cr

5 a seismic reserve capacity factor for the structural system that, considers the static res
d the ability to sustain large non-linear deformations of each stfucture type (e.g. steel ve
oncrete). The C, factor represents the ratio of spectral acceleration causing catastrophic sys
e structure, to the ELE spectral acceleration. The value of)€/should be estimated prior to
e structure in order to achieve an economic design that will resist damage due to an ELE and

bessment of similar structures. Values of C, for fixedsteel structures are specified in 1ISO 19
, other than those recommended in the International*Standard, when available, applicable to
hore structure®) may be used in design, however such values shall be verified by an ALE analys

furn periods for the ELE that are too short,.C,"values shall not exceed 2,8 for L1 structures; 2,4
s; and 2,0 for L3 structures.

Table 9 — Scale factors for ALE spectra

ALE scale factor
Exposure level
NaLE
L3 0,85
L2 1,15
L1 1,60

ed seismic action procedure

(6)

9.

(7)

Brve
'Sus
tem
the
s at
brior
D02.
the
S.

p

l for

8.1 Site-

specific seismic hazard assessment

The most widely used seismic input parameter for the seismic design and analysis of offshore structures is the
design acceleration spectrum. In site-specific studies, the design acceleration spectrum is usually derived
from an acceleration spectrum computed from a probabilistic seismic hazard analysis (PSHA) with possible
modifications based on local soil conditions. Deterministic seismic hazard analysis may be used to
complement the PSHA results. These analyses are described in 8.2 to 8.5.

6) International Standards applicable to types of offshore structure, include 1ISO 19902 and ISO 19903, and when
available, ISO 19904 (all parts), ISO 19905 (all parts) and ISO 19906. See the Bibliography.
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8.2 Probabilistic seismic hazard analysis

The different elements of a PSHA are shown graphically in Figure 3. In a probabilistic approach, ground
motions at a site are estimated by considering the probability of earthquakes of different sizes on all potential
sources (faults or areas) that can affect the site [Figure 3 a)]. A PSHA also accounts for the randomness in
attenuation of seismic waves travelling from a source to the site [Figure 3 b)]. Summation over individual
probabilities from different sources provides total annual probability of exceedance for a given level of peak
ground acceleration (PGA) or spectral acceleration [Figure 3 c)]. The curve of probability of exceedance
versus ground motion or response of the single degree of freedom oscillator (e.g. spectral acceleration,
spectral velocity, or spectral displacement) is often referred to as a “hazard curve”. Spectral response varies
with the natural period of the oscillator, therefore a family of hazard curves for different periods T is obtained
[seq Figure 3 c)].

Thel results from a PSHA are used to derive a uniform hazard spectrum [Figure 3 d)], where-all ppints on the
speftrum correspond to the same annual probability of exceedance. The relationship)between the return
peripd of a uniform hazard spectrum and the target annual probability of exceedance (R) may be taken as:

Treturn = 1/Pe (8)
where Tyqtr, is the return period in years.

Singe a PSHA is a probability-based approach, it is important that uncertainty be considered in the definition
of ihput parameters such as the maximum magnitude for agiven source, the magnitude| recurrence
relationship, the attenuation equation, and geographical boundari€s defining the location of a sourge zone.

Thel results from a PSHA are a series of hazard curves gach for a spectral acceleration corresponding to a
structure natural period, e.g. Ty, T,...Ty [see Figure 3 g)}.'Because of uncertainties in PSHA input(parameters,
each of these hazard curves has an uncertainty band.“The mean (or expected value) of each hazard curve
sholild be used to construct a uniform hazard spectrum corresponding to a given exceedance pfobability P,
[seg Figure 3 d)]. All references to hazard curves.in 8.4 refer to the mean of the hazard curve.

8.3| Deterministic seismic hazard analysis

Deterministic estimates of ground motien extremes at a site are obtained by considering a single event of a
spefified magnitude and distance from the site. To perform a deterministic analysis, the following|information
is needed:

— | definition of an earthquake source (e.g. a known fault) and its location relative to the site;
— | definition of a design earthquake magnitude that the source is capable of producing;
— |a relationship/which describes the attenuation of ground motion with distance.

A site can have several known active faults in its proximity. A maximum magnitude is defined for each fault.
Thel maximum magnitude is a function of the fault length and historical knowledge of past earthquakes on that
parTcuIar source.

Deterministic ground motion estimates are not associated with a specific return period, such as 1 000 years,
although the particular earthquake event used can have a return period associated with it. The return period
for the maximum event on a given fault can vary from several hundred to several thousand years, depending
on the activity rate of the fault.

A deterministic seismic hazard analysis may be performed to complement the PSHA results.

© 1SO 2004 — Al rights reserved 17
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c)
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F(M)

S, (T
j
[/~
S, (Tx)

1 M, W,
d d
Define learthquake source seismicity and geometry b) Define attenuation curves-for
spectral accelerations at.periods T, ... T,
_ S, (Ty)
) | 5,(T)
E a (T1) U)N
P, —
Sa! Pe (TN)
Sa, Pe (T2)
Sa, Pe (T4)
Sa, Pe (_T1) Sa, Pe (Tn) Sa
S, pe (T2) Ty T Tn T
From a) and b), develop seismic hazard curves for d) From c) construct uniform hazard spectrum of
spectrgl accelerations at each(period and the mean spectral accelerations at the selected targpt
selectef target annual probability of exceedance annual probability of exceedance
and obfain mean uniformthazard spectral
accelerptions S, (7;) .Su(Ty)
line soufce (fawlt) f(M) frequency
area souirce T, single degree of freedom oscillator periods
cumulat i i } i lom
magnitude M oscillator period 7,
attenuation uncertainty d distance from source
magnitude P annual probability of exceedance
target level of annual probability S (T mean spectral acceleration for oscillator period 7; at selected
of exceedance a,Fely

target annual probability of exceedance

Figure 3 — Probabilistic seismic hazard analysis procedure
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Seismic action procedure

This procedure is based on the results of a PSHA (see 8.2 and Figure 3). The site-specific seismic hazard
curve shall have been determined in terms of the annual exceedance probability of a spectral acceleration
corresponding to a period that is equal to the dominant modal period of the structure, S, (Tdom) ; such curves
are illustrated in Figure 3 ¢). In lieu of more specific information about the dominant modal period of the
s_tru(ctur;a, the seismic hazard curve may be determined for the spectral acceleration at a period of 1,0 s,
S4(1,0).

The ALE spectral accelerations are determined from the site-specific hazard curve and the target annual
probability of failure, Py, listed in Table 2. The specific steps to define the ALE and ELE events are illustrated

in F

-tk

a)

b)

c)

d)

f)

TR 4 P~ ra—cl ribadi fallawinc-—aian
Jurc adlnmu arc Ut oSumoTU T UTC TUMTOWITY STO U S,

Plot the site-specific hazard curve for 7= Ty, [a curve such as those shown in Figurg
log4g-logyq basis, i.e. showing the probability distribution of the parameter S, (Tyom ) [se&-Figu

Choose the target annual probability of failure, P, as a function of the exposure, level as

Table 2, and determine the site-specific spectral acceleration at Py, S, pt (Tyom ) from Figure 4

3c) on a
re 4 a)).

ndicated in
a).

Determine the slope of the seismic hazard curve (ag) in the region close to Prby drawing a tangent line to

the seismic hazard curve at P;. The slope ag is defined [see Figure 4.a)]*as the ratio of
accelerations corresponding to two probability values, one at either-side of P;, that are o
magnitude apart [Py and P, in Figure 4 a); P4 should preferably be close’to P].

From Table 10 below determine the correction factor, C;, corresponding to ag. This corrg
captures the uncertainties not reflected in the seismic hazard curve.

Table 10 — Correctionfactor, C,

1,75
1,20

2,0
1,15

2,5
1,12

3,0
1,10

3,5
1,10

4R
Correction factor, C,

Determine the ALE spectral acceleration by applying the correction factor C; to §a‘Pf(Tdom
specific spectral acceleration at the required P; and the structural dominant period Ty ,:

Sa ALE (Tyom) = Co % Sa.p (Tyom)

The annual probability of exceedance for the ALE event (P, g) can then be directly read from
hazard curve, see Figure4yb). The ALE return period is determined from the annual p
exceedance using Equation (8). P, g is smaller than P; to accommodate uncertainties in
resistance evaluationsynot represented in the seismic hazard curve (as captured in the
factor Cy,).

For certain structure types whose reserve strength and ductility characteristics are know
spectral accéleration is next determined from:

Se.ELE (Tdom) = Sa ALE (Tdom)/ G

where C, is the seismic reserve capacity factor for the structural system that considers st

he spectral
ne order of

ction factor

), the site-

9)
the seismic
obability of

action and
correction

n, the ELE

(10)

atic reserve

strength and the ability to sustain large non-linear deformations of each structure type (e.g

steel versus

reinforced concrete). The C, factor represents the ratio of spectral acceleration causing catastrophic
system failure of the structure to the ELE spectral acceleration. The value of C, should be estimated prior
to the design in order to achieve an economic design that will resist damage due to the ELE and is at the

same time likely to meet the ALE performance requirements. Values of C, may be justifi

ed by prior

detailed assessment of similar structures. Values of C, for fixed steel structures are specified in
ISO 19902. Values of C, other than those recommended in the International Standard applicable to the

type of offshore structure’) may be used in design, however such values shall be verified
analysis; see also A.8.4.

7)

by an ALE

International Standards applicable to types of offshore structure, include ISO 19902 and ISO 19903, and when
available, ISO 19904 (all parts), ISO 19905 (all parts) and ISO 19906. See the Bibliography.
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g) The annual probability of exceedance for the ELE event (Pg g) can now be read from the seismic hazard
curve, Figure 4 b). The ELE return period is determined from the annual probability of exceedance using
Equation (8). Having determined ALE and ELE return periods, obtain ALE spectral accelerations and ELE
spectral accelerations for other natural periods from the PHSA results, i.e. Sy o g (7) and S, g e (7).

h) Modifications of ALE and ELE acceleration spectra for local geology and soil conditions shall be
addressed by a site response analysis (see 8.5).

For floating structures (such as TLPs) and other structure types for which C, is either not well defined or
unknown, a design process which goes directly to avoiding catastrophic system failure in the ALE is
recommended. Extreme displacements and shock waves are often of primary interest here, in order to design

the mooring system. The hull structure is designed elastically for the corresponding actions.
Minimum ELE return periods are given in Table 11 to ensure economic viability of a design, as a-function of
exposure lgvel. If the ELE return period that is obtained from the procedure in this subclause is lower than the
correspond|ng return period listed in Table 11, the return period in Table 11 shall be used for Sa‘ELE(T).
Table 11 — Minimum ELE return periods
Exposure level Minimum ELE return periods
L3 50
L2 100
L1 200
Q(D
10°
Pi<P:<P,
P,/Py=10_
1 ar=5,{S,,
107 |-
107 |-
P
1073
Py
P4
10t | N
0,01 0,1 S.o Sap Sas 18,

a) Derivation of the slope ay of the seismic hazard curve for 7= T,

Figure 4 — Typical seismic hazard curve
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b) Derivation of spectral accelerationsand probabilities for ALE and ELE events

P_ pnnual probability of exceedance
Spectral acceleration (g)

Figure 4 (continued)

8.5| Local site response-analyses

In the detailed seismic action procedure (8.4), the ALE and ELE design spectral accelerations §aALE (T) and
SagLe (T) are based-on uniform hazard curves where all points on the curves have the same return period.
Thel return periods<for ALE and ELE events are determined according to the procedure specified|in 8.4. The
probabilistic and“deterministic seismic hazard analyses described in 8.2 and 8.3 produce groynd motions
applicable to,moderately stiff, stiff, or bedrock sites. However, many offshore sites consist of a surface layer of
soft|soils overlying the stiffer materials. The ALE and ELE spectral accelerations shall be further|modified to
accpunt for-local soil conditions at the site. A dynamic site response analysis, using linear of non-linear
models.of the underlying soil, may be used to modify the ALE and ELE spectral accelerations and|obtain site-

spetificspectral-accelerationsfor-desian
p\.l SALLASARS] SASA =4 ) A4 CTAOOTIO T It

As an alternative to a dynamic site response analysis, the procedure in 7.1 may be used to modify the
acceleration spectra. Following 7.1, an amplification spectrum is obtained from the ratio of acceleration
spectrum corresponding to the local site class to that corresponding to stiff soil or rock site class. The
amplification spectrum can then be used to modify the acceleration spectra from a PSHA corresponding to a
stiff soil or rock site.
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9

9.1

Performance requirements

ELE performance

The objectives of ELE design are to ensure that there is little or no damage to the structure during the ELE
event and that there is an adequate margin of safety against major failures during larger events. The following
ELE performance requirements shall be verified.

9.2 ALE|performance

All primary structural and foundation components shall sustain little or no damage due to the ELE. Limited
non-linear behaviour (e.g. yielding in steel or tensile cracking in concrete) is permitted, however, brittle
degradati ing i ing i ided

Secondary structural components, such as conductor guide panels, shall follow the same ELE“design
rigour as that of primary components.

rnal forces in joints shall stay below the joint strengths, using the calculated (elasti¢) forces|and
momeipts.

Foundation checks shall be performed at either the component level or at the\System level. At|the
compohent level an adequate margin shall exist with respect to axial and lateralfailure of piles or vertical
and slifling failure of other foundation elements. At the system level, an adedquate margin shall exist with
respecl to large-deflection mechanisms which would damage or degrade, and require repairs to,| the
structufe or its ancillary systems (e.g. pipelines or conductors).

There $hall not be any loss of functionality in safety systems or in escape and evacuation systems dye to
the ELE.

Masts,| derricks and flare structures shall be capable of sustaining the motions transmitted via| the
structute with little or no damage. The design shall include restraints to prevent toppling of topsjdes
equipment and cable trays. Piping shall be designed, for differential displacements due to support
movemlents and sliding supports shall be maintainedzsuch that they act as intended in the design. [The
design|should minimize the potential for equipment-and appurtenances to become falling hazards dyring
the ELE.

The objective of an ALE design check.is\to ensure that the global failure modes which can lead to high
consequenges such as loss of life or ‘major environmental damage will be avoided. The following ALE

performance requirements shall be verified.

Structural elements are allowed to exhibit plastic degrading behaviour (e.g. local buckling in steel or
spalling in concrete), but_catastrophic failures such as global collapse or failure of a cantilevered segtion
of the deck should be @voided.

Stable |plastic mechanisms in foundations are allowed, but catastrophic failure modes such as instability
and collapse should be avoided.

Joints
Altern
demonsirate ductility an

re<allowed to exhibit limited plastic behaviour but should stay within their ultimate strengths.
ively, where large deformations in the joints are anticipated, they shall be designed to
residual strengih at anticipatied deformation levers.

The safety systems and escape and evacuation systems shall remain functional during and after the ALE.

Topsides equipment failures shall not compromise the performance of safety-critical systems. Collapse of
the living quarters, masts, derricks, flare structures and other significant topsides equipment should be
avoided.

Any post-ALE event strength requirements given in the International Standard, when available, applicable
to the type of offshore structure8) apply.

8)

International Standards applicable to types of offshore structure, include 1ISO 19902 and I1SO 19903, and when

available, ISO 19904 (all parts), ISO 19905 (all parts) and ISO 19906. See the Bibliography.
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Annex A
(informative)

Additional information and guidance

NOTE The clauses in this annex provide additional information and guidance on clauses in the body of this part of

ISO 19901. The same numbering system and heading titles have been used for the ease in identifying the subclause in
the ndy of this Ir_\:\rf of 1SO 19901 towhich it relates

A.1 Scope
The| background to and the development of the philosophy for this part of ISO 19901 were presented at
OMAE 2001[71,

A.2 Normative references

No guidance is offered.

A.3 Terms and definitions

No guidance is offered.

A.4 Symbols and abbreviated terms

No guidance is offered.

A.§ Earthquake hazards

In afdition to seismically inducéd motions, the planning and design of offshore structures should also consider
othgr hazards that can Mbe-initiated by earthquakes. Most geologically induced hazards that are|initiated by
earthquakes can be avoided by proper site selection studies.

Ligyefaction of sgils“can occur as a result of repeated cyclic motions of saturated loose cohesignless soils.
The| potential forliquefaction decreases as soil density increases. Poorly graded sands are more|susceptible
to liguefaction.than well graded sands. Both gravity based and pile founded structures located in these types
of spil willkexperience a decrease in capacity during a strong earthquake because the strength of|the soil will
degrade significantly.

Earthquakes can initiate failure of sea floor slopes that are stable under normal self weight and wave
conditions, resulting in sea floor slides. The scope of site investigations in areas of potential instability should
focus on identification of metastable geological features surrounding the site and definition of the soil
engineering properties required for modelling and estimating sea floor movements. Analytical estimates of soil
movement as a function of depth below the sea floor can be used with coupled soil engineering properties, to
establish expected actions on structural members. The best mitigation of this hazard is to locate offshore
structures away from such regions, although design of structures for sea floor slides has been used in the Gulf
of Mexico.

Fault movement can occur as a result of seismic activity. Siting of facilities close to fault planes intersecting
the sea floor should be avoided, if possible. If circumstances dictate siting structures nearby potentially active
features, the magnitude and time scale of expected movement should be estimated on the basis of a
geological study for use in the structure's design.
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Tsunamis are generated by large (and sometimes distant) earthquakes and undersea fault movements, and
by large sea floor slides that can be triggered by earthquakes. When travelling through deep water, these
waves are long with low height and pose little hazard to floating or fixed structures. When they reach shallow
water, the wave form pushes upward from the bottom creating a swell that can break in shallow water and can
wash inland with great power. The greatest hazard to shallow water offshore structures from tsunamis results
from inflow and outflow of water in the form of waves and currents. These waves can cause substantial
actions on the structures and the currents can cause excessive scour problems.

Mud volcanoes are often found at pre-existing faults. These features are not directly caused by earthquakes,
rather they use the fault zone as a conduit to bring gas, water and the associated muds to the sea floor,
thereby creating surface features resembling a volcano cone. The best mitigation of this hazard is to locate
offshore strfictures away from such regions.

Earthquaketinduced shock waves in the water column, generated by motions of the sea floor, can have an
impact on rl‘loating structures and certain appurtenances. The shock wave can radiate upward -through| the
water colunin causing a possible impulsive action on buoyant or partially buoyant structures anditherefor¢ an
increase in hull pressures and tendon or mooring line forces. This phenomenon is only likelyto be an issu¢ for
the most segvere earthquakes.

A.6 Seismic design principles and methodology

A.6.1 Dedign principles

The requirdment for a two-level design check stems from the high dégree of randomness in seismic evgnts,
igs in seismic action calculations, and the fact that designifar seismic events of abnormal severity on
the basis of strength alone and without consideration of a structure's capacity to dissipate energy and sustain
large inelastic displacements would be uneconomical.

A structure|designed to the ELE has a margin of safety.for more severe events due to explicit and implicit
safety mardins in design equations and due to its capacity for large non-linear deformations. In order to ayoid
repeating pprts of the design process and to ensure*that the ALE check demonstrates an acceptable design,
the ratio of |[ALE to ELE spectral accelerations is set such that there is a high likelihood of meeting both ELE
and ALE performance objectives. The seismic.design procedures in this part of ISO 19901 address|the
balance between the ALE and ELE design criteria.

A.6.2 Seismic design procedures

A.6.2.1 General

No guidancg is offered.

A.6.2.2 Ektreme level earthquake design

The seismi¢ design of an offshore structure is primarily performed during an ELE evaluation where strucjural
component| dimensions are determined according to the design equations in the International Standard
applicable t . i i ; jecti are
considered:

a) The ELE design procedure and associated design criteria should ensure that the structure will be able to
withstand seismic events of this severity with little or no damage.

b) The ELE design procedure and associated design criteria leads to the design of a structure that is likely to
meet the ALE performance criteria (see 9.2) with a minimum of design changes.

9) International Standards applicable to types of offshore structure, include I1ISO 19902 and ISO 19903, and when
available, ISO 19904 (all parts), ISO 19905 (all parts) and ISO 19906. See the Bibliography.
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The first objective may be seen as an economic goal in that it avoids the need for frequent repairs, while the
second objective is a safety goal.

In most cases, spectral acceleration is the controlling parameter in design of offshore structures. In these
cases, the ELE design procedure may be specified in terms of seismic design spectra or acceleration (time
history) records.

The earthquake records for time history analysis are selected such that they represent the ELE ground motion
hazard at the site. Following a PSHA (see 8.2), the dominating ELE events may be identified through a
procedure that is referred to as deaggregationl6] t [10] |n the deaggregation procedure, the contributions of
various faults and seismic source zones to the probability of exceeding a given spectral acceleration are

iden

Given the magnitude and distance of events dominating ELE ground motions, the earthquake-recg
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bry analysis can be selected from a catalogue of historical events. Each earthquake .record
e sets of tri-axial time histories representing two orthogonal horizontal compongnts and

ditions (e.g. hardness of underlying rock) of the historical records should beymatched with t
cture's site. Although, if feasible, the records will match the target event's.magnitude and dista
ing of the records will be required to match the level of ELE response-spectrum. One option
ing of the record such that the average response spectrum due to thetwo horizontal compone
horizontal ELE response spectrum at the dominant period of the structure/foundation system.

2.3 Abnormal level earthquake design

ALE design check is performed to ensure that the safety.goals are met and that the structure
nse earthquakes of abnormal severity without loss of life or major environmental damage. The
bfined in terms of an upper limit on the annual probability of failure due to a seismic event.

rder to ensure that the ALE design check isconsistent with the safety goal, the design pro
pciated design criteria take into consideration randomness (Type | uncertainties) in seismic
mic wave attenuation, seismic action effeets, and the resistance of the structure. Additionally
brtainties (Type Il uncertainties) associated with seismotectonic modelling are considered. F
e Type Il uncertainties are typically included in a PSHA model.

edures as those outlined for ELE design in A.6.2.2.

|3 Spectral acceleration data

generally the{same for the 0,2s and 1,0 s maps. The notable exception is North Americz
hdaries omthe two maps are different in the south-eastern and south-western portions of the
rences-wefe judged to be necessary based on the comprehensive spectral acceleration map
pleted by the U.S. Geological Surveyl!!l for the 1997 NEHRP Seismic Provisions[12l. T
bleration values for the North Sea were based on the results in Reference [13]. Information
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The largest values of 1,25 g on the 0,2 s maps and 0,50 g on the 1,0 s maps are generally considered a
sufficient representation of the ground motion hazard in areas of high seismic activity for the purpose of this
part of ISO 19901. However, it is understood that, in certain locations, site-specific studies can produce
estimates of the 1 000 year spectral accelerations that are significantly greater than these values. If the map
spectral accelerations are in doubt in a given area, a site-specific PSHA should be undertaken.
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A.6.4 Seismic risk category

The 1 000 year return period spectral acceleration at 1,0 s is used to gauge the exposure of an offshore
structure to seismic events. Table 1 shows the site seismic zone as a function of this spectral acceleration.
Because the spectral acceleration is a response property of a single degree of freedom oscillator, it is more
representative of seismic exposure than other parameters such as the peak ground acceleration (PGA) or the
peak ground velocity. The period of 1,0 s was selected as a compromise. In many regions the 1 000 year
spectral acceleration at 1,0 s and 1 000 year PGA values will be of comparable magnitude, which should help
users who are more familiar with PGA.

This part of ISO 19901 differs from the historical practice of directly recommending specific return periods for
the design pvents. Instead, a procedure is outlined where the return period of the ALE event is determ|ned
indirectly frpm the target probability of failure and the results of a site-specific PSHA (if available).. The ELE
return perigpd is, in turn, determined from that of the ALE event by considering the capacity, for large
deformatior}s that is inherent in a structure.

The procedure recommended for seismic design uses the target annual probability of system failure (P;
the starting|point. This approach is different from load and resistance factor design (LRED) codes where
target probability of failure is assigned to the component level. Both the simplified and detailed seismic aq
procedures|are based on the concept that the ALE design should meet the target-annual probability of faflure
of the strugtural system. The recommended target annual probabilities are listed-in Table 2 and reflec| the
industry's ekperience in design of offshore structures for seismically active regions. Probabilities different from
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In a detaile
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procedure

simplified s

ple 2 may be recommended for specific types of offshore structufe in specific regions.

i seismic action procedure, the designer may use P; valugs which are different than those listg
a simplified seismic action procedure, the designer¢does not explicitly use P;, however
has been calibrated to meet the target annual prebabilities listed in Table 2. Therefore,
bismic action procedure is applicable only if the designer accepts the target probabilities listg

d in
the
the
d in

Table 2.

A.6.5 Seismic design requirements

The intensily and characteristics of seismic groufd motions used for the design of an offshore structure
be determimned either by a simplified seismic{action procedure or from a detailed seismic action proced
The simpliffed seismic action procedure mady make use of the generic seismic maps presented in Anng
regional maps, or site-specific PSHA résults; the detailed seismic action procedure requires a site-spe
seismic hazard study as described in-8.2. In both procedures the return period of the ELE or ALE events
be estimated from the annual probability of exceedance using Equation (8) or alternatively using Equa
(A.2) (see A.8.2).

may
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A.7 Simj

plified seismic action procedure

A.7.1 Soil classification and spectral shape

The preferred_method for determining the shear wave velocity is through field measurements. Field shear
wave velocity measurements can be obtained by a variety of methods!'l. Usually shear wave velocities are
obtained offshore from down-hole measurements in a single borehole. The seismic source is often located at
the sea floor, while the geophones are positioned at varying depths down the borehole. A common offshore
practice is to install geophones within a cone penetrometer system (seismic cone). Down-hole core logging
techniques can also be used where both the seismic source and receivers are placed down-hole. If multiple
boreholes are available, shear wave velocities can also be obtained from cross-hole techniques.

Some other techniques are also available which could be used to determine field shear wave velocities.
Hydrophone arrays are now being placed on the sea floor to help determine reservoir changes with time
(4D-seismic). If a sea floor seismic source were used with these on-bottom arrays, shear wave velocity
measurements can be made with either seismic reflection, seismic refraction or spectral analysis of surface
waves (SASW) methodsl[16l.
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If direct field measurements are not available, then the shear wave velocity can be inferred from data collected
in the soil boring investigation. The shear wave velocity can be determined, based on information from the soil
boring, i.e. from the low amplitude shear modulus (G,,,,) and the mass density of the soil (p) by:

(A1)

The above equation is approximate for a saturated soil because of coupling effects between the pore fluid and
the soil skeleton. However, in most cases using the total mass density of the soil and water will give shear
wave velocities within a few per cent of values determined when considering the coupling effects.

Th

tests such as the resonant column test, or it can be estimated from other soil properties determin|
soil [pboring investigation. It should be noted, however, that estimating G,
the preatest degree of uncertainty.

Forjuncemented sands, Reference [17] provides empirical relationships for G
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cle shapes. This relationship depends on the void ratio and the average effective confining st
he soil sample. A more recent expression is provided in Reference [18] which is depeng

ness coefficient that can vary by as much as 50 %.

clays, Reference [19] provides an empirical relationship which,depends on the overconsolidati

ratio, the average effective confining stress, and an empirical constant that depends on t
x. Results presented in Reference [20] for onshore sites.show that the value of G,,,, ranges
0 times to 3 000 times the undrained shear strength (c{;).of the soil for cases where the undr
ngth is based on in-situ field tests, consolidated undrained laboratory tests, or unconsolidate
5 corrected for sample disturbance. Experience with. offshore clays indicates that G could
times to 1 500 times the undrained shear strength:
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values presented in Table 6 and Table 7 are representative of the motion close to the sea floor('2]. For
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Tabje 7. For deep pile foundations, the-soil amplification factors, C, and C,, are as recommendeq in Table 8.

values in Table 8 are independent of the intensity of the motion[21l.
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b) an ALE correction factor, C,, is applied to the spectral acceleration corresponding to a return period of

1/P;, (see Clause 8 for details).

The factor C; accounts for uncertainties not captured in a seismic hazard curve which can affect the reliability
of an offshore structure, e.g. the uncertainty in structural resistance to earthquake actions. In developing the
simplified seismic action procedure, these two steps were simulated using the target probabilities in Table 2
and a wide range of seismic hazard slopes. From these results, average scale factors, N, g, were calculated
that combined the effects of the two steps; these scale factors are listed in Table 9. Therefore, the designer
should be aware that the scale factors listed in Table 9 are consistent with the target probabilities listed in
Table 2.
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In the simplified seismic action procedure, the designer does not explicitly check against the minimum
recommended ELE return periods in Table 11 (see Clause 8). In developing the simplified seismic action
procedure, the ELE return period was simulated for target probabilities listed in Table 2, a range of seismic
hazard slopes, and a range of C, values. The resultant ELE return periods were then checked against the
minimum values listed in Table 11 to ensure that they are higher than the minimum return periods listed in
Table 11. Based on these results, maximum values of C, allowed are:

2,8 for L1 structures;

2,4 for L2 structures;

2 cteriioti e
OOt oCtarc oy

2,0 for

A.8 Detajled seismic action procedure

A.8.1 Sitd-specific seismic hazard assessment

No guidancg is offered.

A.8.2 Propabilistic seismic hazard analysis

The backgrpund to the PSHA procedure and the different elements have heen developed in Reference [22].

The basic gpproach to probabilistic seismic hazard assessment, PSHAis described in References [23] to[27].

The PSHA[is typically undertaken using special computer programs.with input parameters that include| the

following.

— Definitipn of earthquake sources, either as faults or as, area sources of diffused seismicity not dirgctly
attributgble to a known fault. Also a maximum magnitude’is assigned to each source.

— An annual frequency of earthquake occurrence as-a function of magnitude, for each source.

— A definition of earthquake ground motion .attenuation, including a probability distribution (typically [log-
normal) representing the uncertainty of ;the predicted ground motion at a site. The attenugtion

ships are developed based on statistical analyses of historical ground motion records from
akes occurring in similar geological and tectonic conditions.
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In a PSHA the probabilities associated with ground motion values are calculated by combining
probabilitieg of ground motion_from many sources. Therefore the ground motion probabilities are
associated |with a specific faultor event. In fact, while it sounds conservative to use the expected grg
motion from) the largest possible earthquake occurring at the closest location on the nearest fault, those va
can be significantly smaller than ground motions calculated from a probabilistic method. This posg
outcome is|particularlyitrue if the largest earthquake on the nearest fault is associated with a shorter re
period thar being considered in a probabilistic method, or if the site is affected by several faults, 6
contributing to the averall probability of exceedance. The opposite outcome is possible when the return pg
of the larggst €arthquake on the nearest fault is much greater than the desired return period of the grg
motion.

The PSHA procedure can be applied for the prediction of both horizontal and vertical components of ground
motion. As an alternative, the vertical component of the ground motion may be estimated based on
established relationships for the ratio of vertical to horizontal spectral accelerations.

The relationship between the average return period (or inverse of the average recurrence rate) and the target
annual probability of exceedance for a Poisson process is:

-1

T = A.2
return In(1—Pe) ( )

At the probabilities of failure being considered for seismic design, the difference between Equation (8) and
Equation (A.2) is negligible.
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A.8.3 Deterministic seismic hazard analysis

No guidance is offered.

A.8.4 Seismic action procedure

Given a target annual probability of failure equal to P;, the annual probability of the ALE event should be lower
than P; and the corresponding return period of the ALE event should be greater than 1/P;. Such an increase in
the ALE return period is needed to cover the randomness and uncertainties in seismic actions and structure
reS|stance these uncertalntles are not captured in the seismic hazard curve and mvanably increase the
pro : factors:

— |the relative importance of these additional uncertainties (expressed by the logarithmic standand deviation,
OLR);

— |the slope of the seismic hazard curve at P;, (ag).

The| procedure developed in Reference [28] has been used to calculate a spectral acceleration correction
factpr (C,) which would guarantee a failure probability of P; for the design of a structure meeting the ALE
reqlirements. In the detailed seismic action procedure, the correction facton is applied on the mean spectral
accgleration for T'= Ty, with an exceedance probability equal to P;. Table'A.1 shows the correctipn factor as
a function of both ¢} g and the seismic hazard slope (ag). A value of oz = 0,3 is judged to be representative
of the uncertainties that are not captured in the seismic hazard«urve, e.g. the uncertainty in displacement
capfcity of a non-linear system. These values of the correction<€actor C; are the basis for the rounded values
in Tjable 10. It should be noted that uncertainties can vary between traditionally framed fixed steel offshore
strugtures, gravity based fixed concrete offshore structuresiand other offshore structure concepts. In certain
casges where the calculation of seismic actions or the structure's resistance are more uncertain, higher values
of the correction factor C; should be considered. Alternatively appropriate adjustment factors (e.g. amplifying
accelerations or displacement demands) can be derived for and applied to those structural components with
greater uncertainties.

Table A.1 — Correction factor C_ for ALE spectral acceleration

Value of Correction factor for a; equal to:
AR 1,75 2,0 2,5 3,0 3,5
0 1,00 1,00 1,00 1,00 1,00
0,2 1,08 1,07 1,05 1,04 1,04
0,3 1,20 1,16 1,12 1,10 1,09
0,4 1,35 1,28 1,20 1,18 1,16

Usimg the spectral acceleration correction factors recommended in Table 10 or Table A.1, one cdlculates the
b correction
.e. f correction
factors applied on spectral acceleration. Table A.2 lists the calculated correction factors on P; as a function of
the seismic hazard slope for ojg = 0,3. Also shown in Table A.2 (last column) are the required ALE return
periods for L1 structures assuming an acceptable annual system probability of failure of 1/2 500.
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Table A.2 — Correction factor on P;
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he safety objective of the ALE.
determine the ELE design event, the appropriate ALE spectral atceleration is reduced by
erve capacity factor (C,) that represents the available margin of safety for events beyond the

licit safety factors in design equations used in the design of'a structure's components;

5t estimate material strength;

ustness and redundancy of the structural system;

ity of the structural system to sustain large non-linear deformations.

B seismic reserve capacity factor, €, has to be established prior to performing the seismic deg
nargins of safety have to be estimated from the general knowledge of the material used, the de

d the structure's configuration.” For fixed steel structures, the margin of safety between the
n range from approximately™,1 to 2,8. The lower values of C, correspond to minimum struct

iled seismic agtion procedure, the designer may assume any value of C, as long as an
berformed to.ensure that the design meets or exceeds the ALE requirements. A high estimate ¢
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ign,
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a low<estimate of C, can lead to a conservative design (more costly to build) that would easily

The requir

the

economic objective of the ELE and that the structure is not susceptible to damage during more frequently
occurring seismic events (see A.6.2.2). The minimum requirements in Table 11 also implicitly address the
safety objective of a design meeting the ALE requirements. These requirements can control in regions where
the slope of the seismic hazard curve, as defined by ag, is low (see Figure 4).
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A.8.5 Local site response analyses

Numerical methods using linear or non-linear models of the underlying soil are available to estimate site-
specific acceleration spectra. The site response analysis involves an evaluation of the propagation of seismic
shear waves through a stack of soil layers of specified soil type, shear-wave velocity or shear modulus, total
unit weight, and cyclic strain-softening characteristics[27]. The analysis requires the solution of equations of
motion using strain-dependent dynamic properties of the layered soil column. Conventional analyses assess
the effect of soil column on normally incident bedrock time histories in order to determine site-specific soil
amplification spectra, time histories, and acceleration spectra at specified depths within the soil profile. There
are several computer software applications that are commercially available and can be used for this
purposel29] to [36],

Thel results of generic site response analyses, as well as analyses of historical motions recorded at soft soil
sites, were used with judgement to select the amplification factors for different types of sites-in the simplified
pro¢edure (7.1). However, it should be noted that amplification factors are desired at thé)point of jaction input
into|the structural system and not necessarily close to the sea floor. For deep pile foundations, the effective
horirontal and vertical input motions would occur at lower depths. For example, the)horizontal input motion
may be assumed to be that at 1/3 of the pile length below the sea floor and theertical input motion may be
assymed to be that at the pile tip.

A.9 Performance requirements

No guidance is offered.
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Annex B
(informative)

Regional information

The maps shown in Figures B.1 to B.11 of this annex give generic 5 % damped spectral accelerations,
expressed in g, for bedrock outcrop for a 1,0 s oscillator period and for a 0,2 s oscillator perlod respectlvely,

for determipi g the—site—seismic—zone \acc U‘f} ofamarea—and—foruse—in—the allllpnllcu setsmic—agtion
procedure (see Clause 7).

NOTE 1 The return period selected for the development of the ground motion maps in Annex B is 1 000 yeats.

NOTE 2  If is recognized that there is some uncertainty in the values given in this annex. This is duetolack of complete
understandirlg or knowledge (epistemic or Type Il uncertainties). The requirements of the standard.are such that a|site-
specific assgssment of the accelerations is required for any structure in which failure would have significant consequences
and in which|seismic considerations can affect the design.

a) 1,0 s oscillator periods

Figure B.1 — 5 % damped spectral response accelerations for offshore Africa
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b) 2) oscillator periods

b\

.\\(\,hgure B.1 (continued)
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NOTE See also Reference [14] for offshore Canada.
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Figure B.2 — 5 % damped spectral response accelerations for offshore North America
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a) 1,0 s oscillator periods

b) 0,2 s oscillator periods

Figure B,3'— 5 % damped spectral response accelerations for offshore Central America
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b) 0,2 s oscillator periods

Figure B.4 — 5 % damped spectral response accelerations for offshore South America
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b) 0,2 s oscillator periods

Figure B.5 — 5 % damped spectral response accelerations for offshore Australia and New Zealand
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